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Abstract

Liver transplantation is the treatment of choiceHod Stage Liver Failure
patients. The limiting factor in providing liver transpiaion is organ availability.
Despite the implementation of an acuity based cadaleer allocation system in 2002,
limited research addresses disparity in access tgdarse resource in this current era of
allocation.

The primary purpose of this research project was to inetdasunderstanding
and the effect of specific predisposing, enabling and neeabl@siin access to liver
transplantation by comparing those cadaveric transplaaisients to those who
continued to wait for a cadaveric liver from February 27, 2662ugh November 30,
2007. The study analyzed secondary data from the federaligated database managed
by the Organ Procurement Transplant Network and the dJNiegwork of Organ Sharing
that included 32,566 patients. The acuity-based model of aiigamation (MELD)
adopted in 2002 was used to control for acuity at the tinm@esplant. Using two sets
of Cox Proportional Hazard Regression analyses, tintkansplant and potential
disparities were evaluated. Because the analysiseshthat the likelihood of receiving a
cadaveric liver transplant doubled for those with MELDres greater than or equal to 15
after the implementation of a minimum MELD score ral2005, the model used a
dummy variable to control for the time period (after 2005 rule adoption). The
regression models found disparities in time to tramédds gender, race, and age, and
geographic location controlling for acuity, time period,dsposing, enabling and need
variables. Women were found to be 13 percent less likalgceive liver transplants

then men. African Americans, Hispanics and Asians \ieered to be 11, 19 and 16



percent less likely than whites to receive a liver trangplespectively. In addition
significant regional differences in hazard of transpi@ere discovered. There was wide
variation in access time across regions with an asze likelihood of transplantation
from 11 t0o102 percent in selected regions. Disparitigemnder, race, and payer status
were found across UNOS regions as well. These niligsaacross gender, race and
geographical region suggest the need for an evaluatioe éddlerally mandated system

of allocation.
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Chapter 1

Introduction of the Problem and Purpose of the Study

I ntroduction

Liver transplantation is the treatment of choicetfmse individuals found to be
in End Stage Liver Failure. The limiting factor in prowglithis therapeutic treatment is
the availability of organs for transplant purposessite the significant efforts to
increase donors, including the development of living livengplant programs, the use of
segmental liver grafts and acceptance of extendediaritenors (ECD), only minimal
increases in organ supply have resulted over the past deCadsequently, the issue of
access to liver transplant through allocation of tbé&&e resource continues to dominate
the policy discussions involved in providing this life savirgatment.

There have been 87,583 liver transplants performed innitedJStates since
1988 (UNOS, 2008), the majority of which (84,082) have come Gadaveric donors.
In calendar year 2006 alone, 6650 patients in the United Séateised liver transplants,
11,036 additional patients were added to the liver transplaiting list and 1,426 were
removed from the waiting list because they were ddeoe ill or had died awaiting
transplant (UNOS, 2008). As of February 2008, 16,952 candidateslaer transplant
and approximately 10% or 1400 of those individuals will be readdrom the waiting
list during 2008 due to death or becoming too ill for transpldaihis imbalance of supply
and demand remains not only the limiting factor withinftélel, but also the driving
force behind the need to continually evaluate and improve timliver transplant organ

allocation system.



This imbalance between supply and demand, although curremité/ m
pronounced, has existed since the inception of liver tlamsgion. Consequently, an
allocation system to provide for the equitable distributéthis scare resource has
existed since the development of this treatment opfidns system of organ allocation
and distribution has been rooted in a legal and regulatopeps that continues to evolve
as the field of liver transplantation grapples with beillag issues of equity, justice and
efficiency in the allocation and organ distribution pssceDespite this evolution in the
allocation process, to be described in much greated de@hapter 3, limited published
data regarding perceived or genuine inequities during the clramtf allocation exist.
It is under these circumstances and within this conbattthis research study is born.

This study proposes to address this policy issue througmtterpinning of an
expanded version of Anderson’s Access to Care Model rticpiar as this theory helps
identify and define those predisposing, enabling and need varihbtedrive access to
liver transplantation as a treatment modality. Tigiothe use of a Cox regression
survival model, a clearer understanding of those varialdéggtedict transplantation as
an outcome will help evaluate the effectiveness ottiieent Era of liver allocation. In
addition, results from this analysis may provide add#liamsight into other areas of
health policy that involve the allocation of limitedsogirces in other clinical areas.

This introductory chapter therefore has five aims: T@summarize the history
of the liver transplant allocation system in the EdiStates, (b) to highlight the
significance of the organ donor shortage and its assddactors, (c) to introduce the
purpose and the specific aims of this research study, {ajetity describe the database,

sample and methods used in study, (e) to articulataghéicance of this study.



Historical and Logistical Aspects of Liver Allocation

The National Transplant Act of 1984 established an orgachingtand
procurement network which prohibits the buying and sellingrgdns and mandates the
maintenance of an equitable system for the allocatimhdistribution of organs. This
system of matching and allocation is known as the OrgaculPement and
Transplantation Network (OPTN). The OPTN membershipuaes every transplant
hospital program, organ procurement organization (OPO)hiatmcompatibility
laboratory in the United States. Membership impliesttiede transplant
programs/organizations are certified by UNOS, and thatplay an active role in
forming the policies that govern the transplant comiyuni

The Transplant Act also required that the OPTN, urelderfl contract, be
managed by a private, non-profit organization. The contcamanage the OPTN was
initially awarded to the United Network for Organ Sharing QB. This contract has
been renewed for the past twenty years, or 5 congaetval cycles. The main
responsibility of UNOS is to provide a management systa a Board of Directors as
well as committee membership to operate the OPTN.

The system of allocation employed by UNOS divides thidd States into 11
geographical areas called UNOS regions (see Figure héjeTregions were originally
established by the OPTN for administrative purposes asawedipresentative purposes,
with each region being represented on the Board of Direeind on each of the standing
committees of the OPTN.

These 11 geographical areas were never intended to proviegulalrpopulations

of potential donors or to serve equal populations of transgkenters. The division of



these 11 geographical regions was intended to recognize exedtitignships within the
transplant community as well the local interesteath transplant center. Over twenty

years later these same geographical UNOS Regions coltimxést.

Figure1.1: UNOSREGIONS
(source: http://www.optn.org/members/)

Within each UNOS region there are variable numbedoaation service areas
(DSAs). Each DSA is served by an organ procurement aagomn (OPO) whose
responsibility it is to identify potential donors and atinate all the activity leading up to
and including the organ procurement. Each OPO is condidaedirst point of contact
when a potential organ donor is identified in a speciffAD These DSAs (see Figure
1.2) are designated by the Center for Medicare SendiddS) but vary in regard to the
number of transplant centers served, square mileape afea, state boundaries,

population served, candidate/donor ratios and procuremntestaad characteristics.


http://www.optn.org/members/

Figure1.2: U.S. Donor Service Areas (source):
htto://www.opntn.ora/member s/
Although there are some regional variations in aliocaigenerally speaking, livers

are offered to sicker patients within the area in whiely were donated before being
offered to other parts of the country. This currentcallmn scheme, adopted over 20
years ago, was designed to meet four objectives: to decoegan preservation time,
improve organ quality and survival outcomes, reduce costngmaye access. The
National Transplant act established a system of ragnland oversight for the field, a
data management system to track outcomes as well asdate to review and
continuously provide for the equitable distribution of orgarte United States.
UNOS is viewed internationally as a regulatory entibere professional input,
patient advocacy and public opinion regarding the fieldasfdplantation are all
considered. Although this contracting entity provides reguda regarding the allocation
and distribution of organs, rules regarding allocati@naalopted only after exhaustive

dialog and consensus is reached among participating mepregrsusly described.


http://www.optn.org/members/

Given the competing interests of each one of thesel®es, it is fairly obvious that there
might, at times, be difficulty in reaching consensuhivithe group.

The disparity in supply and demand of cadaveric organs heshdnuch of the
policy discussion within the life-saving liver transplaitatfield. Allocation of this
scare resource by acuity of recipient has evolved &i@ystem primarily based on time
waiting to one of acuity level. One unintended consequeittesaallocation acuity
system has been an increase in transplanting patig¢hthepatocellular cancer as well
as a disproportionate number of patients within larger opgacurement organizations
(OPO) being transplanted at higher acuity levels thasd patients in smaller OPO
(Roberts et al, 2006).

The evolution of the liver allocation system, to beenfully described from a
theoretical perspective in Chapter 2 and in regard teeearch literature in Chapter 3,
is currently is based on an acuity-based system atllitie Model for End Stage Liver
Disease (MELD) which has been in effect since 2002l Gemuary 2005 the allocation
of livers by acuity remained almost an exclusive locdilyen system, whereby organs
were allocated to the most acutely ill patients (&tdt patients) locally and then
regionally, prior to allocation to the highest MELEose patients locally and regionally.

Implementation of the minimum-15 rule (Share 15 Ruleuo®d in January 12,
2005. As illustrated below (Figure 1.3), this requires thgams be offered first to Status
1 patients locally and then regionally, then to theegents with a minimum MELD
score of 15 locally and then regionally. If no suatigients are identified, offers to
those patients with MELD scores less then 15 are atlowThis policy change occurred

in part due to the results of a study by Merion et al (2063yhich it was determined



that undergoing a transplant with a MELD score <15 yedigher probability of
mortality then continuing to wait for a liver transplamn addition the minimum-15 rules
was intended to begin to address inequities in organdistn based on geographical

difference in acuity of liver disease.

Comparison of Allocation Rules for
Deceased Donor Livers

February 2002 to January 2005 January 2005 to present
al ol

Local - MELD/PELD = 15
Regional —- MELD/PELD 2 15
Local - MELD/PELD < 16
Regional —- MELD/PELD < 15

Figure 1.3: Comparison of Allocation Rulesfor Deceased Donor Livers
(Source: UNOS, 2007)

As the allocation model has moved from a predominaimtig-ivaiting system to
a severity of illness model, many political and contexisgles have surfaced in regard
to the most justifiable and equitable distribution of osga@urrently, numerous studies
evaluating the MELD acuity score are underway, in palgi¢ computer simulated
modeling to determine potential consequences of geograpdistrisution. These

demonstrations yield variable results, due, in part to thahla time frames used in each



study (i.e.: pre and post Meld). More consistent apticeged computer simulations are
needed to assess the impact of different redistribstbemes (Roberts et al, 2006).
However, prior to additional modeling of organ allocationwdations, a clear
presentation of those variables that predict, and petlmpsccess to cadaveric liver
transplantation must be undertaken, hence, the cistraay.
Purpose and Aims of this Study

The primary purpose of this study is increase the undeiisthand the effect of
specific predisposing, enabling and need variables in atxégsr transplantation by
comparing those individuals who receive cadaveric transplto those who continue to

wait for a cadaveric liver.

Specific Aims
With this purpose in mind, this research study has thresfisp@ms:

Aim1: To describe those who received a liver transplant detv2002 and
2007 compared with those who continue to wait for a Ilinargplant during
this same period
Aim 2: Determine how the implementation of the Share 1& RuJanuary
2005 impacted time to transplantation for MELD acuityelevw or = 15.
Aim 3. Examine the factors associated with time to livemdpdant, including
those predisposing, enabling, need (acuity of illness meabyrgdELD)
variables and geography while controlling for time period lbetfore and
after implementation of Sharel5 Rule. Examine thegerfsacross 11

geographical UNOS regions as well.



Summary of Methods
Database

This dissertation research utilized secondary data tnoerlarge national research
database. Secondary analysis provides an efficiempagoal method of research that
has historically been the method-of-choice in hesgtivices research. The primary
database involved was the Scientific Research TrartsRigistry (SRTR), with input
from the federally designated Organ Procurement Ttanspletwork (OPTN). The
primary source for the OPTN database is from transglamters via an on-line database
called the Transplant Information Electronic Datafcthange (Tiedi).
Population

The population studied was individuals who were wait-lifbec cadaveric liver
transplant starting on February 27, 2002 through November 30, 2007is population,
those that received a cadaveric liver transplant wengpared with those that continued
to wait for a liver transplant, excluding those thatiche were removed from the list due
to clinical improvement or deterioration. Patientsryger than 18 years of age, in acute
liver failure or who had previously received a liver traasplwere excluded from the
study.
Data Analysis

Kaplan Meier Survival curves were used as a basis toifiglémt dependent
variable “time to transplant”. With the ultimate go&kttempting to explain this
survival curve as it relates to those variables thatibome to the hazard of liver

transplant.



Descriptive statistics were used to address Aim 1 ofttiay/s to describe those
liver transplants and candidates who continue to waihghe time-frame studied. In
particular, the population was described in relation tse¢hwedisposing, enabling and
need variables described by Anderson (1995) that could beausgglain or predict
access to liver transplantation.

Two Cox Regression Models were run to address Aim 2: dtuate the effect of
the MELD 15 Share Rule on hazard of transplantatidngdter acuities within the
national system and separately by region.

Multivariate Cox Regression Models were used to address3A to investigate
the effects of the defined variables on hazard of transpluring the time frame (2002-
2007) defined. Issues regarding differences between pre-2005 &R0pBtimes were
addressed by adding the dichotomous variable “period” tartherhultivariate analysis
in order to control for the difference in allocatidwat occurred with the implementation
of the SHARE MELD 15 rule on January 12, 2005. In additiahyidual multivariate
analyses for each of the 11 UNOS Regions were rutetttify significant variables
predicting liver transplant by region, with identifizat of hazard per variable. These
additional multivariate analyses included a dichotomizathble “period” to control for
the implementation of the SHARE 15 rule from a regiqagispective.

Sgnificance of the Research Sudy

This research adds significantly to the body of knowleéganding disparities
identified in access to care for a highly resource depenigitnent modality. While
this procedure (cadaveric liver transplantation) onlyesean average of 6,000

individuals a year, this limitation exists only becausthe limited supply of organs

10



available for transplant purposes. Allocation of fediorgans should transcend issues of
age, race, gender, educational level, economic status agcagaical location. This

study identified those variables that contribute signifityato the hazard of
transplantation when controlling for all other predispgsenabling and need variables.

In addition, variables that provided barriers to access aiso identified. From a more
global perspective, this research study may servarasdal to evaluate the impact of
other acuity-based systems of allocation among highlyureeadependent treatment
modalities.

This dissertation research project is present in fildit@nal chapters. Chapter 2
reviews the Anderson’s Behavioral Model of Access teCaxpanding upon the final
model in an effort to address issues specific to the fidisey transplantation. Chapter
3 reviews the empirical literature which is the basrslfiis research. Chapter 4 describes
the methodology used in this study. Chapter 5 presenteshbkts of the analyses, and

Chapter 6 provides a discussion of the findings and impdicgiti
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Chapter 2
Theoretical Framework

The Anderson Model is perhaps the most frequently utifiz@mework to
evaluate health care utilization. In 1968 Ronald Andeosgmnally developed the
Behavioral Model of Health Services to understand fahelgith services use, measure
and define equitable access and to assist in policy devetdg#nderson, 1968). The
unit of analysis moved from the family to the individudlem difficulties with
heterogeneity came to light. Although debate ensueddiegavhether the model
predicted or explained usage (Mechanic, 1979; Rundal, 1981), Andsystends that
the model can do both (Anderson, 1995). The Model has peagrésrough several
phases of iteration but the components and variablesingthe basic structure remain.
This chapter will address the first four iterationshef Model, followed by an expanded
version illustrating access to liver transplantatindels involving both vulnerable
populations and safety net services are not discussed an#ligsis.

Anderson Behavioral Model: Phase 1 (1960s)

Model 1 (1960s), depicted in Figure 2.1 below, suggests a linadiorehip
between predisposing characteristics, enabling resourdaesead. All of these elements
work together to explain or predict health services(Aselerson, 1995).

The individual predisposing characteristics make up demographables,
social structure variables and health belief variabl@smographic variables, including
age and gender, have been defined as biological imperatadistprg the need for
health services (Anderson, 1995). Social structure hasioraally included education,

occupation and ethnicity. Health belief variables arenddfas attitudes, values and

12



knowledge about health. Recently genetic factors and plgibal characteristics have
been suggested as other major predisposing charactgustiabsrson, 1995).

The second components of the Health Belief Modell@ehabling resources
that can be further defined as personal/family and comgnuiiite personal or family
enabling resources are best described as the “know-lsomdvigate the system, income,
and insurance. The community resources describe the &atiliies, personnel and
distribution of this resource. Two limitations of #eabling resources described are the
difficulties measuring personal resources (particuliadyrance) as well as the lack of
articulation of social resources that could facilitatempede access (Anderson, 1995).

The final determinant outlined by Anderson is need; botbgdeed and measured
(Anderson, 1995). Anderson clarifies that perceived neeld best explain care seeking
and adherence behavior, whereas, evaluated need refleaifessional measure and
evaluation that can be quantified by measuring amount efpravided (Anderson,

1995).

Figure2.1: Anderson Behavioral Model Phase 1 (1960s)
(Anderson, 1995)

Predisposng ———» Enabling——» Need Use(_)f
Services
Demographic Per sonal/Family Perceived
age “know-how” to care seeking
gender navigate the system adherence
income
Socigl insurance
Structure Eval%ated
education Commuinity Professional
occupation facilities Measure and
ethnicity personnel evaluation of
distribution of need
Health Beliefs resources
attitudes, values
& knowledge
about health
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Anderson Behavioral Model: Phase 2 (1970s)

Phase 2 of the Behavioral Model was developed in the 1970s dadicted in
Figure 5 below (Aday & Anderson, 1974). It is this depicbéthe Anderson Model
that introduces the health care system into the nfodéhe first time. In doing so, Phase
2 recognizes health policy as a driving force in the fi¢ldealth care utilization. In
addition, a measure of use of services and an explicatioutcomes through consumer
satisfaction are specific areas of addition in Pha@éerson, 1995). Phase 2 further
delineates those mutable or changeable characteriéctirag access. It is with this
Phase 2 iteration of the Anderson Model that the comptsrand characteristics of the
liver allocation system begin to be defined and underst@adinitions of several
constructs of the Anderson Model will be illustratedhwespect to the liver allocation
system, prior to further definition of Phase 3 and PHaaed the author’s expanded

version of the theory.

Figure 2.2: Anderson Behavioral Model: Phase 2 (1970s) from Aday & Anderson,

Health Policy
Financing
Education
Manpower
Organization
Char acteristics of
Char acteristics of Population at Risk
Health Delivery System Predisposing
Resource > Mutable
Volume Immutable
Distribution Enabling
Organization Mutable
Entry Immutable
Structur Need
Perceived
Evaluate
y A
Utilization of Health Consumer Satisfaction
Services Convenience
Type Costs
Site Coordination
Purpose Courtesy
Time Interval < »  Information
Quality

14



Understanding Accessto Liver Transplantation with Anderson Model (Phase 2)
Phase 2 of the Anderson Model (Aday & Anderson, 1974) efmus begin to

examine access in relation to the system of organatibn that exists within the field of
liver transplantation. A review of select transpleagearch literature in relation to the
constructs put forward in this access framework wilubed in Chapter 3 to describe the
effect of the current allocation policy on the utitiba of services within the liver
transplant field. In addition, the measures used to tipeadize the defined constructs
will provide a framework that clearly articulates thgar allocation process, allowing us
to better understand the real and perceived disparittealamately inform future
research and policy development.
Health Policy Sector

Phase 2 of Anderson’s framework defines the goal offfgstth Policy Sector as
improving access (Aday & Anderson, 1974). In the field afs$plantation, there is a
federal mandate for the fair and equal distributionrghas among those in need. This
federally mandated system of organ allocation, finanoddoaganized by federal
contract, is also responsible to educate the public, profedand patient regarding the
system. The contract has been awarded to the UniteebNefor Organ Sharing
(UNOS), a private non-profit entity that operatesdlecation system.
Characteristics of a Health Delivery System

Phase 2 of the Anderson Model further definesGharacteristics of a Health

Delivery System as the aggregate structural properties of the systerastadilishes the
arrangements for the potential rendering of care tswoers. The two main elements of

the delivery system are resources and the distribufitirese resources. Resources are

15



defined in this model as the materials and equipment uggowding health services.

In transplantation, the resources are the actual sngsed for the surgical procedure and
the system of distribution is the system known asQhgan Procurement and
Transplantation Network (OPTN).

The delivery system characteristics involve volumegaagraphy. There is a
growing literature addressing perceived geographic disparijesdiag the delivery of
resources. Rodriguez-Luna et al (2003) describe widesprgiathaevariations in regard
to recognized exceptional diagnoses that are not uniforadgorized through the
MELD system of acuity. There is a call for Nation&ew Boards to standardize these
exceptions within the national system of allocationféarand equitable distribution.

Schaffer et al (2003) also looked at regional differencese specifically among
three specific Transplant Service Areas (TSAs). &hesre defined as geographic areas
within OPOs that were served by certain transplartecen This study verified the newly
adopted acuity model (MELD) satisfied the IOM’s recomd®ion to prioritize acuity
over wait time but did not provide for equitable distribotaf organs, outlining that
acuity levels at time of transplant are vastlyetiéint among TSAs. Coombes et al (2005)
in a similar descriptive analysis addressed significanty@g@tical inequities across
Organ Procurement Organizations (OPOs) nationally, eantarbe further addressed.

Ellison et al (200Bsuggests a redrawing of boundaries, which could reduce the
geographic variability that exists. This study used compunariated modeling (CSM)
to show that a redistribution of boundaries, could, i, facluce these geographical
disparities. This analytical approach using CSM is besgmore prevalent in the

literature, particularly in regard to predicting results @ilaibntrolling for other variables.
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Characteristics of the Population at Risk

Characteristics of the Population at Risk in the Andelodel is the propensity
of the individual to use the system. It is charactdrizgthe classic format of
predisposing, enabling and need categories. With the uantadysis being the
individual, the predisposing factors would include such propgessegender, race and
age, areas of concern in regard to potential disparifiégs will be explained in much
greater detail in the literature review found in Chapter 3.

The enabling factor of means, as defined by money or insuhasceeen difficult
to measure, with several proxy measures (zip code andmage/income by zip code)
proving inadequate measurements. However, the abilidetuify those without
insurance or means of payment at all becomes almost sibfgysand hence access for
this group is not measured.

Geography, and the ability to access differing geographicatitms, which
depend on monetary resources, and “know-how” previouslyitdedgcby Anderson
(1968) are also important enabling resources within the digiger transplantation that
will be further discussed.

The preponderance of current research literature indluedf liver transplant
access has focused on need, which is further construc®mcmated need or acuity of
illness, which, in an ideal world would drive the provisarcare. Individual MELD
(Model for End State Renal Disease) scores operaizenated within the liver
allocation system. The MELD score prioritizes thassting for transplantation by
acuity of illness. The model uses serum creatininel, 2etam bilirubin, International

Normalized Ratio (INR) for prothrombin time and etiolagfycirrhosis to predict survival
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pre-transplant. The implicit objective is to transpldie@ most acutely ill patient, thus
decreasing mortality on the waiting list.

Implemented as an allocation tool in 2002, the MELD sbaebeen a topic of
much debate and analysis in the literature. Literatgarding the impact of MELD as a
measure of perceived need shows mixed results in reganptoving access. Roberts et
al (2006)confirmed the MELD score’s predictive ability to pitare the preferential
allocation of livers to the most acutely ill patienteir specific research question,
however, was to look at the distribution of the probighdf transplant and the average
benefit of transplant across organ procurement agenciesy looked at this question
through computer-simulated models of distribution and founagnawen distribution. It
was this specific piece of research that framegtherging preponderance of literature
regarding reorganizing liver transplant regions (Rober#s, @006).
Utilization of Health Services

Stahl et al (2005)leveloped an analytic model that would preliminarily provide
additional transplants each year with regional reomgdioin maximizing transplant
allocation efficiency and geographic parity. These comiteulations combine the
MELD score’s ability to operationalize perceived needuwlite external validation of the
effect of characteristics of the population at risk dbsd in Anderson’s Utilization of
Health Services.

Phase 2 of the Anderson Model (Aday & Anderson, 1974) protaebasis of a
theoretical framework to organize the empirical workioed currently in the field of
liver transplantation. The effect of policy changeasluated by the federally mandated

system of liver allocation in the United States contsnizebe evaluated. Computer
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simulated models are just one tool in this evaluatiocess.

It is with Phase 2 of the Anderson Model, as healtitpdlecomes identified as a

factor in health care utilization that a theoretitaldel of access to liver transplantation

emerges.

Anderson Behavioral Model: Phase 3 (1980s and 1990s)

Phase 3 of the Model (1980s and 1990s) adds health status outodhees
framework (Figure 2.3, below) allowing measurement of eeaecluding effective
access (defined as improved health status or improvedastitsi) and efficient access

(when health status or satisfaction increase rel&iviee amount of services consumed)

(Aday, 1993).

Anderson, 1995

Figure2.3: Anderson Behavioral Model: Phase 3 (1980sto 1990s) from
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Anderson Behavioral Model: Phase 4 (1990s)

Finally, Phase 4 illustrates an emerging dynamic modelkggire 2.4) that is

recursive in nature with various feedback loops thdtreguire creative and innovative
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research and statistical analysis (Anderson, 1995). MexfiE993) concludes, and
Anderson (1995) concurs, that continued examination of efic@nd effective access
need to be addressed from a systematic and comprehenspecpees which Phase 4 of

the Anderson model may allow (Anderson 1995).

Figure2.4: Anderson Behavioral Model: Phase 4 (Anderson, 1995)

HEALTH
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It is with the recursive nature and feedback loops feomironment to outcomes
and population characteristics to both health behawnidroaitcomes that we begin to
understand the systematic nature of health care delivVidrgre are, however, areas that
even through Phase 4, Anderson fails to identify in kgaaccess to care, that we will
illustrate using access to liver transplantation asxample in the author’s expanded

version of the Anderson Model.
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The Anderson Model Expanded (See Figure 2.5)

Thus far the Anderson Model in Phase 4 begins to accoutttd extensive and
numerous levels of external environmental impact tifatence access to liver
transplantation. These include donation rates, thgeinée of public opinion in regard to
cadaveric transplant, conversion rates (referringpégercentage of potential donors
whose families decide to donate cadaveric organs) aedalsfto transplant, among
other factors.

Most importantly, the issue of resource supply, outlinddhase 2, but obviously
missing from Phase 4 is reintroduced in the expanded thedratrsion presented. In
regard to liver transplant, the most obvious resourtieisictual liver for transplant
purposes, but resources also involve transplant centemslless surgical expertise and
availability.

In terms of the population characteristics, the oderg importance of evaluated
need is operationalized through the MELD score. Whattisaccounted for is the patient
who is ill, but not yet acutely ill enough to be listed tiansplant. This patient must be
re-evaluated which creates an additional feedback lodlustsated in Figure 2.5 below.

The most significant addition to the Anderson Modehe éxpansion of the
outcome variables, in particular in regard to evaluatedtthetatus. In regard to liver
transplantation there are several outcomes thatresat after transplantation. These
include patient and graft survival, death, primary non-fundi®i¥F), and recurrent
disease. With the exception of PNF, all outcomesiregufeedback loop to the
environmental characteristics of the model, this illusga significant addition to the

established Phase 4 of the Anderson Model (see Figure 2.5).
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Even when a patient dies, there is a federal mandatevaerinformation and
data input regarding this outcome, hence a feedback loop entironmental
characteristics of the system. Patient and graft\wis/also require data reporting in
addition to collaborative clinical care between tlamsplant team and original referral
community physician where the transplant patient wiiirn for follow-up care.
Successful patient and graft survivals require life-longabolation between community
physicians and transplant centers in an effort to prastideal follow-up care and
reporting of accurate survival data to the OPTN.

A third outcome following transplantation could be theureence of liver disease
after some period of successful transplantation. Redudisease requires re-entering the
evaluative phase of transplantation. Referral fommmunity physicians to the
transplant center initiates the process at the eattenvironmental characteristic of the
expanded version of the Anderson Model following linednlpugh the evaluative need
phase of MELD assessment and re-listing for liver pmsation. Not only is this
process recursive in nature, it is continuous, for teeoli the transplant gratft.

The only outcome that takes a different path is thepiaéxperiencing primary
non-function (PNF). This rare, but clinically seriaugcome occurs immediately upon
implantation of the cadaveric liver. PNF is defined @diver function upon
transplantation. This emergent situation requires idiate re-listing and re-
transplantation, bypassing the formal listing proceduresiatted for in the
environmental characteristics described in Phase 4. itingisn necessitates the
creation of a more immediate feedback loop to the ptpuolaharacteristics, most

importantly the need-based variable. In fact, a diagrd$\NF provides a Status 1
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acuity measure, superceding the highest acuity-based MEbQi2. Status 1 designation
prioritizes recipients to the highest level of needisane to be further discussed in
Chapter 3.

Transplantation is a surgical treatment modalityafoute or chronic end stage
liver failure. However, it is also a life-long coursktreatment involving not only a
surgical event but also a medical treatment acrossadiyeareas and among a series of
health care providers that make up an environment of caieh hke a chronic disease
model requiring interventions through the life of the guaitiand process. The Expanded
Version of the Anderson Behavioral Model, depicted guFe 2.5, illustrates the
recursive nature of the transplant process which deperidserely on an adequate
supply of organs but a collaborative effort of providefrsare in the external
environment through a federally mandated health care systésoretically, Anderson
points to those population characteristics defined asgmesing, enabling and need
variables as drivers of access. This dissertatiemiis to confirm this thesis using liver
transplantation as model while expanding this theorgtedpective as well.
While the premise is that these population characisiptiovide access to care, issues of
disparities in care and/or barriers to access vested in this research study to determine
if policy driving the current system of allocation cutherulfilled the mandate for a fair
and equitable distribution of organs. The results gfaltcome analysis should provide
data, through a newly added feedback loop, to the Health&estem outlined in the
Environment area of the model. This feedback loop, @stridted below in Figure 2.5,
will inform policy regarding inequities in a manner thdsld lead to a change effect,

and confirm those parts of the allocation system tleafuanctioning well. This expanded
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version of the model, with feedback loops from Outcoh@sapplication to many

resource dependent treatments.
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Figure 2.5: Expanded Version of Anderson Behavioral Model
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Summary and Conclusion
In summary, Anderson’s Health Belief Model offersexcellent theoretical basis
for beginning to identify and ultimately understand theariables that contribute to
providing or prohibiting access to the highly resource depetdsiment option for end
stage liver disease patients known as liver transpiantaf his model frames the
literature review presented in Chapter 3 as we address pnegisposing, enabling and
need variables so aptly defined by Anderson and others.

Health Policy, the means by which access to careastéu, was introduced to
the model in Phase 2 (Figure 2.2). It is conspicuouskratdsom the both Phases 3 and
4 models, unless it is implied that Health Policy resioh the environment as a part of
the Health Care System or the External Environmenidfis the case, and Health
Policy is found within the Health Care System thematld continue to influence the
access and utilization of health care services, inctutiver transplantation.

This researcher expands Version 4 of the Anderson Mpdadiding an
additional area to Outcomes in the model define@uatgomes Analysis. In addition,
feedback loops are added from Outcomes (including outconysenaerceived health
status, evaluated health status and consumer satisjdatiok to the Environment where
Health Policy would be developed to influence the Healtle Sgstem to effect change
in addressing inequity within the provision of care studied.

This particular study is an illustration of an outcoraralysis based on a system
of evaluated need for a highly resource dependent treamuatdlity. The expansion of
this Anderson Model presented in Figure 2.5 suggests thagstksr of such an analysis

could inform Health Policy and the Health Care Systegarding the status of the
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evaluated care. In the example of liver transplaotatie feedback loop would go
directly to the federally mandated system of oversightransplantation by means of the
Organ Procurement and Transplantation Network and theaoted entity, the United
Network for Organ Sharing, to address inequities discl,  Similarly, a feedback loop
from perceived health status, evaluated health statusomsdmer satisfaction should
also provide data contributing toward health policy chamgenaore equitable access and
utilization for liver transplantation and other res@udependent treatment modalities,
however, these new areas of theoretical expansiomoaeddressed within the context of

this particular study.
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Chapter 3
Literature Review

Research in the field of access to liver transplaomédias been focused on acuity
of illness measures, organ distribution areas and digsatinat are encountered based on
potential systematic bias. This research will be restevinowever, more specifically;
access to care will be addressed in regard to the tieabfeamework provided by
Ronald Anderson (Aday & Anderson, 1974, Aday, 1993, & Anderson, 1685)
theoretical underpinnings of which were discussed in gresgtail in the Chapter 2.

The purpose of this current chapter is to provide a thortiegature review in
regard to those variables that Anderson describes aisgwsohg, enabling and need
variables that contribute to access to care from aqgtiredictive and explanatory
perspective (Anderson, 1995). First, an explanation dfigterical context and
regulatory process of liver allocation will be presentBdllowing this brief contextual
framework, the three most current allocation scheuiézed over the past 18 years
(Eras 1, 2, and 3) will be described. Brief mentiothefthree points of access to care in
the liver transplantation process will be defined. Mynal thorough literature review in
regard to those predisposing, enabling and need variablesrithatsdn describes will be
presented.

Historical and Regulatory Aspectsof Liver Transplantation

Two specific laws frame organ transplantation in timgédl States. The Uniform
Anatomical Gift Act of 1968 (revised in 1987) granted individubésright to determine,
prior to death, whether or not they wished to donate tngans for transplantation

purposes. In addition, the National Transplant Act of ¥&4blished an organ
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matching and procurement network which prohibits the buying dimigsef organs, and
mandates the maintenance of an equitable systemefailltdTation and distribution of
organs (Coombes and Trotter, 2005).

This system of matching and allocation is known as tlga®Procurement and
Transplantation Network (OPTN). The Transplant Asb aequired that the OPTN,
under federal contract, be managed by a private, nort-prgfnization. The contract to
manage the OPTN was initially awarded to the United NetdarOrgan Sharing
(UNOS). This contract has been renewed for the pasity years, or 5 contract renewal
cycles. The responsibility of UNOS is to provide a managé system via a Board of
Directors as well as committee membership to operat®©TN (UNOS, 2007).

These laws established a system of regulation and gkiefer the field, a data
management system to track outcomes as well as a tedodaview and continuously
provide for the equitable distribution of organs in thetethiStates. UNOS is viewed
internationally as both a regulatory body and a fofomnprofessional input, patient
advocacy and public opinion where allocation in the fi¢ltansplantation continues to
be addressed. The mission of UNOS is to advance orgdalaktai and transplantation
by uniting and supporting communities for the benefit of pttidmough education,
technology and policy development (UNOS, 2007).

Despite clinical and scientific advances within thédfi@erceived inequities in
regard to geographical disparity as well as increased litypda the waiting list for
those awaiting liver transplant came to light abeuntyears ago. In 1998 these perceived
inequities were addressed by the Department of Health anéhi Services in the form

of a “Final Rule” to insure that the allocation oase organs be based on medical need.
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The Institute of Medicine (IOM) convened to address tlsisasof disparity and
recommended a restructuring of the liver allocation potesleemphasize wait time and
provide a more equitable distribution based on predictivgrrsis (Coombes & Trotter,
2005). In addition, the “final rule” was intended to placeatgeemphasis on acuity and
less emphasis on keeping organs within local procuremeas.a

The two-fold effort this final rule recommended wasdf)expansion of the
geographical area served by each organ procurement organizabi@er to equalize
access and (2) the development of an allocation sytbignprioritizes based on acuity
and not waiting time.

The first recommendation to expand all service areagrfgan procurement to
serve a population base of 9 million people was mdt stiong opposition by much of
the transplant community and was never adopted (AhmadeB@acciarelli, & Roberts,
2007). Actually several states, including Louisiana, Wisogfi®xas, Arizona,
Oklahoma, Tennessee and South Carolina, even pass&dtlegiprohibiting such
expansion based on established limitations to interstamenerce (Meckler, 1998).
Research regarding issues of geographical inequity, ecptlitcontested issue, will be
addressed further in this literature review.

In regard to redirecting allocation based on acuityMbeel for End Stage Liver
Disease (MELD) was developed and adopted as a liver diseasrity score. The
premise of this new scoring system was to prioritizeenaautely ill liver failure patients
for transplantation. This system of allocation byity replaced the Child Pugh Score
(CPS), which combined clinical measures of acuity witthlsoibjective as well as wait

list time to determine cadaveric liver allocation.
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Because the literature reviewed spans all three livecatibn Eras, a brief review
of these three Eras is necessary.
Research Studiesand Allocation Eras

Three distinct eras of allocation have been in efieer the past 20 years. For
purposes of critiquing the research studies reviewed, eadh @escribed and each
research study classified according to the era in whigklata was collected (see
Appendix A). This may appear irrelevant given that EtBe current allocation
system using the Model for End Stage Liver Disease (MEA€Xhe acuity measurement.
However, the literature addresses many predisposing, egatld need variables over
various time frames, utilizing all three allocation ectes.

Given that the literature reviewed is primarily basedecondary analyses of data
sets from different timeframes and employing diffeilitcation schemes, conclusions
drawn for each research study may or may not beameidw current allocation practices.
Despite this limitation, the field of transplantatioften depends on and references the
results and analyses from studies of prior eras to repatisparities in distribution and
allocation of livers. This makes it difficult to disginish what disparities actually exist
with the current system of allocation from thosd #r& continuing to be reported from
prior allocation data sets. The results of this curstundy will add significantly to the
current body of literature with the focus being identifyingsth predisposing, enabling
and need variables that contribute to or provide barteeliger transplantation in the
current post-MELD allocation period.

Anderson’s Theoretical Model of Access to Care willed in this literature

review to assess those predisposing, enabling and need estiaditi have historically
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been studied in order to evaluate the status of acedigsrt transplantation and identify
those variables that have not been focused upon anckthater further research. This
attention to utilization of allocation systemshaliigh tedious, helps determine the need
for additional research that is elaborated upon irctmelusion.

ERA 1. Pre-CPS Allocation Equation (prior to 1997)

Era 1 (pre-CPS), prior to 1997, prioritized patients by wtieg received their
medical care (home, hospital or ICU), with the uhdeg assumption that the most
acutely ill patient was being cared for in the Intenshaee Unit and the least acutely ill
patient at home. Organs were allocated from most acilitedyleast acutely ill in
descending order on this scale, with many ties, which tmerdeen with time waiting.
Eight of the twenty-one studies reviewed used data exclydioen Era 1.

ERA 2: CPS Allocation Equation (from 1998 to February 27, 2002)

Era 2 began in 1998 when the OPTN mandated that the ChildSeage (CPS)
for liver disease be employed to establish medical uygeskegories, which together
with waiting time determined the allocation and distritatof cadaveric livers (Freeman
et al, 2004).

The CPS combined both quantitative (albumin, bilirubin andhpootbin) and
subjective scores (encephalopathy and ascites) to attaial score of 5 to 15, with the
greater number indicating poorer hepatic function ortgreecuity level, hence priority
in allocation. However, due to the limited discrimowgtability of CPS, with only 8
levels of difference between least sick transplandicates, many ties (transplant
patients with the same score) occurred. This oftensséaged an emphasis on wait time

to break the tie (Durand & Valla, 2005).
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Although utilization of this acuity scale was perceivedamewhat of an
improvement over Era 1, with clear delineation of tlestacutely ill patients receiving
priority for transplant, the more chronically ill patts, the much larger percentage of
patients awaiting transplant, were stratified by nonddedized physician assessment,
waiting time and geographical disparities between orgatupement areas.

Only 1 of the twenty-one studies reviewed used data exclydnogh Era 2
(Ellison, Edwards, Edwards, & Barker, 2003). One study (R&dnick, Chang,
Buerstatte, & Weissman, 2004) compared data from Era 1 a2l Era
ERA 3: MELD Allocation Equation (subsequent to February 27, 2002)

Era 3 (MELD), implemented in 2002, utilized the acuitgdzhModel for End Stage
Liver Disease (MELD) to allocate livers for transpktion (Coombes & Trotter, 2005).
This system of allocation remains in effect today.

The MELD score is based on quantitative variables (sereatinine, bilirubin,
international normalized ratio) using the following edquat MELD estimate = 6.43 +
9.57*log(creatinine) + 3.78*log(bilirubin) + 11.2*log (INR). The MEL42ore is then
rounded to the nearest integer from 6-40 (inclusive) withediighthe maximum score
and the higher number the sicker the patient, hencetpiio@allocation. Scores
achieved over 40 are truncated into the most severe caiaghd (Kamath et al, 2001).

Additional points are added for hepatocellular cancer (HCMELD scores are
recalculated at varying intervals based on levels achi¢vet,count for changes in
acuity of illness. In addition, critically ill patiesin fulminant liver failure (the severe
impairment of hepatic functions in the absence obpséag liver disease) and primary

non-function (the non-function of a liver immedigt&llowing transplant) are allocated
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livers outside the MELD system of allocation, priaiitg these two diagnoses above all
other MELD scores. Only three of the twenty-one studiiewed used data exclusively
from Era 3. One of the twenty-one studies comparedfaataEra 2 and Era 3.

Although Era 1 and Era 2 are reflective of past practtech informs future
allocation, research studies utilizing data collected filoese time periods are no longer
relevant to the current allocation discussion, degp&econtinuation of reference to
many of these studies in the current literature.

Having described the three eras of allocation used witkifietd of liver
transplantation we turn to the three stages of acastidates face during the process of

coming to transplantation.

Anderson Behavioral Model of Accessto Careand Three Stages of Access

The literature review is organized in relation to thealdes described by
Anderson as predisposing, enabling and need variables thahitet@and explain access
to care. This model is presented as a guide for undensgaitdi relationships between
the variables discussed and access to liver transpiantet a treatment for end stage
liver disease.

Access to liver transplantation occurs at three spdaifie frames: referral, wait
list and transplant surgery. The majority of therditare involves access to liver
transplant at the time of surgery. A few studies imgatait list access, but more studies
involve activity during the wait list period that affectcass. Even fewer articles
address referrals or referral patterns. It is paditydifficult to measure access at the

referral stage. These limitations are discussed below
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Stage 1: Referral

There is very limited research regarding access &redffor liver transplantation.
In fact, only two such studies were found (Julappali, K& El-Serag, 2004 & Tuttle-
Newhall, Rutledge, Johnson, & Fair, 1997). There are sogmifilimitations to
performing this type of research due to the lack of datalzs® well-documented
prevalence of liver disease to be able to measure aaicéss point in the process.
Ozminkowski, Friedman, & Taylor (1993) raised this issuelpddr years ago, but the
inability to measure access to referral remains today.

Tuttle and colleagues (1997), in performing a state-wide n&sstudy in North
Carolina aimed to analyze those factors associatedawat#ss to liver transplant by
utilizing a large population-based hospital discharge datdabdsek at patients with
diagnoses of liver disease in order to determine thasables that were associated with
access to liver transplant at the point of referral.

Julapalli et al (2004) used a data system from a large \#Aitad and Tuttle et al
(1997) used a state-wide hospital database system. Betrebers attempted to
analyze the problem of access prior to entrance intorahsplant system.

Most researches have used the OPTN’s transplant databavait-listed and
transplanted candidates to study access to liver tramaptan. Ozinkowski, Friedman,
& Taylor (1993) pointed out the following that remains troeay:

“Using the waiting list for analysis provides no inforinatabout patients with

End Stage Liver Failure who do not enter the waitirtgidis medical, financial,

geographic or other reasons” (Ozinkowski et al, 1993).

In other words, the standard practice of using the OPTNase¢zof patients

waiting for transplant only captures those patients de gained access to the system
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in the first place. Even more limiting is the abilibymeasure access for those who suffer
from end stage liver disease who never enter the hemithsystem and therefore cannot
be referred on to specialty care to be evaluated fortirmesplant as a treatment option.
Stage 2: Liver Transplant Waiting List

Once a patient is referred for liver transplant theyevaluated as a potential
candidate and, if accepted with a liver transplant progtia@y are placed on a waiting
list until their acuity is such that they receiveansplant. The current allocation system
is designed so that the most acutely ill patient resetlie next available liver for
transplant within a particular geographical region. Sicgmt regional variability exists
in regard to acuity levels at which a patient receiveargsplant (Roberts et al, 2006).
This will be further discussed under geographical enablingas.
Stage 3: Liver Transplant Surgery

The final point of access to liver transplantatiorhes actual surgery. The most
acutely ill patients, classified as Status 1 patient® are predicted to die within seven
days, are often referred, wait listed and transplantddrnwexpeditious fashion,
appearing as though this process occurs within one and aetdtages. The Status 1
patient is prioritized above the highest MELD score patigiven their extremely poor
prognosis without a graft. Most research excludes Sigpasients from the inclusion
criteria used.

Non-status 1 patients are prioritized by MELD acuity sasith the highest score
indicating the most acutely ill and therefore the n@edson in line within a given organ

procurement area. Most literature reviewed involveshiagahis surgical phase of the
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process of liver transplantation, given that the gd#he entire process is to actually
receive this life saving organ.

Having described Anderson’s Behavioral Model of Access te @aChapter 2, it
was important to define the three eras of organ dltmtahe historical and regulatory
context of liver allocation as well as the phasethefliver transplant process. With the
context and background of the transplant field describedyow turn to the actual
literature review in order to understand those variablktshidve predicted or explained
access to liver transplantation in the past, in &ortetb study the current status of such
access.

The Literature Review Process

The objective of the literature review is to gain an usi@deding of the liver
allocation system in regard to those predisposing, enadtidgieed variables described
by Anderson (1995). Databases searched included PubMed, CINDE, THOMAS
Legislative Information, SocAbstracts and Google Schaofearch terms (in combination
with liver transplantation) included race, ethnicity, demn sex, age, access, utilization,
insurance, Anderson Behavioral Model, predictor variabldsl ¥ socioeconomic
status, income, geography, independent variables, outcbiN€XS and access to care.

The criteria for selection of major articles was (1 5. system of allocation
(although some international studies were accepted fopaason purposes), (2) English
language, (3) adult subjects, (4) related to study variabledefiied selection criteria,
independent and dependent variables, (6) reported resuligistical terms, (7) research
studies. Titles, abstracts and articles were reviewd@aditles were selected that met

the author’s selection criteria of the literature skan the opinion of the author. The
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articles were then categorized according to Erad 2eEand Era 3 time periods. This
categorization of the Era of allocation becomes irtggsd when considering actual versus
historic measures of access.

This process of literature review is perceived to be extems regard to the
variables described but by no means exhaustive in regatidveriables that could
potentially contribute to access to liver transplantatio

Anderson Behavioral M odel of Accessto Careand Liver Transplantation
Characteristics of Population at Risk: Predisposing Variables
RACE

Historically, race has been of significant concerneigard to the equitable
distribution of all solid organs. In particular, isswéseferral patterns (Julapalli et al,
2005, Eckhoff et al, 1997 & Eckhoff et al 1998), time to trangpllassen et al, 1998,
Reid et al, 2004), risk of dying on the waiting list (Klaseéal, 1998, Reid et al, 2004,
Freeman & Edwards, 2000, Freeman et al, 2004), clinical oe@Nair, Eustace, &
Thuluvath, 2002; Yoo & Thuluvath, 2004; & Eckhoff et al, 1997) andigal statistics
have all been considered in regard to access to livespieantation in the literature
reviewed.

The majority of research, despite being conducted foligWiebruary 27, 2002,
utilized data sets from the pre-MELD era, and therabonet reflective of current
practice.

The impact of race as a predisposing population charactengtiaining or

predicting access to liver transplantation has thregtpoi analysis: referral, wait list
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and transplantation. The impact of this variable nesde tanalyzed at all three of these
time points.

Liver Transplant Referral and RaceReferral to transplant is much more

difficult to measure than the other two time pointslike the nationally based End
Stage Renal Disease Program that is funded through 8ediad requires all patients be
offered renal transplantation as a treatment optimepidemiology of liver disease is
not well defined. The true incidence and prevalence of thesase is difficult to
ascertain because there are few, if any, populatioedbasgyisters of liver disease
available to ensure proper case identification (Steinkest@w, Morris, MacDonald, &
Dillon, 2002).

Julapalli and colleagues (2005) were the first to attemphaoacterize patterns of
referral for liver transplant evaluation in the UditStates. Using data from Era 3 (2002-
2003) these researchers from a single center studyacd@ VA Medical Center
performed a retrospective cross-sectional analysis tisngmerican Association for the
Study of Liver Disease (AASLD) liver transplant selentcriteria as a guide to
determine those individuals who met criteria for refefdulapalli et al, 2005).

The primary outcome of interest was mention of ltivansplant in the medical
records of those patients identified with ICD-9 codediVer disease that met AASLD
selection criteria. Of 300 encounters involving 199 pati@itgercent met referral
criteria, and 20 percent were actually referred. Inghrsicular study, black race was
determined to be an independent negative predictor ofakweith an 85 percent
decrease in odds of mentioning transplantation when cothparehites (Julapalli et al,

2005).
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Noteworthy in this particular VA patient population is teitmilitary veterans
are eligible for transplant services, should thelegip of their disease be determined to
be service related, so in these cases, access duétyatalpay is not at issue. Despite
this universal coverage model, there still appears todpaudy in the referral process,
the first step in gaining access to liver transplantation.

Another single-center study by Eckhoff and colleagues (1&8&lyzed referral
times periods during Era 1 (1989-1996) and determined that blackgeferred at a
more acutely ill phase of liver disease then thos#her ethnic categories, indicating
that a selection bias at the point of referral maytesent (Eckhoff et al, 1998). Despite
this potential selection bias, the rate of transpastyell as survival rates were not
different between blacks and whites (Eckhoff et al, 1997).

Both Julapalli (2005) and Eckhoff (1997 & 1998) found similar resiuting
Allocation Eras 3 and 1, respectively. There appears thidparity in referral of African
Americans utilizing both a hospital VA system of datavaf as another single center
study. This difference in acuity measures utilized doeiflaence actual referral
patterns but is noteworthy when designing future studies aduygssterns of referral.
Of additional value to add to this body of knowledge wdnddh large multi-center study
utilizing pre versus post MELD time periods to determineafréicial disparities
identified in these single center studies persist witigncurrent system of allocation and
across a larger, national database.

Liver Transplant Waiting List & Race. White candidates currently comprise

about 72 percent of the liver transplant waiting lidtjol is a decrease of about 5 percent

over the past 10 years, while the prevalence of Afrisauericans and Asian patients on
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the wait list has remained relatively constant atrsgu@ and 7 percent respectively. The
number of Hispanics on the waiting list has tripled dierlast ten years (Pomfret, Fryer,
Sima, Lake, J.R., & Merion, 2007) and comprises 15 perceheafurrent waiting list
(UNQS, 2008).

In a study of all wait-listed patients for a two-yaard frame during Era 1
(1990-1992), Klassen and colleagues (1998) determined that HispaaricAns as well
as Asian Americans waited longer for liver transplamds Asian Americans and African
Americans were more likely to die while waiting. Howevdispanics did not have an
increased risk of mortality in this analysis (Klassealg1998).

In a more recent study, involving a more current time-&§4h994-1997) during
Era 1, Reid and colleagues (2004) utilized wait list data éh@€ehsus data to determine
standardized wait list and transplant ratios betweestkbland whites. These
standardized ratios were obtained by comparing the distabution of liver transplant
patients with the U.S. population. Blacks were foundetgydunger and sicker than
whites when listed. The black wait-list ratio was 6cpat versus greater then 100
percent for whites, meaning that blacks were significambyer-represented on liver
waiting lists when compared with the racial distribotef the general population (Reid
et al, 2004). What are missing from this, and other stueleswed, is the prevalence of
liver disease in the general population by race. Thig/sisdby Reid and colleagues
(2004) presumed equal prevalence of liver disease amongesl ra

Reid and colleagues (2004) found, similar to Klassen and goksa1998) that
blacks were statistically more likely to die or becdoill while waiting for transplant.

Both groups had similar wait times, however, blacks wes® likely to receive a
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transplant within four years, probably given their grebitelihood of dying or getting
sick and becoming ineligible for transplant during thaetirame.

In contrast, the Institute of Medicine’s Study of 1999lyriag a similar time
frame (1995-1999) in ERAS 1 and 2, found that there were natefiérace on
transplantation or wait list mortality, once patentere listed. The IOM report did
concur, however, that African Americans were reféaea more severe stage of their
liver disease (Gibbons et al, 2003).

Gibbons (2004) describes the reasons for such dispasaltsreThe IOM
analysis took into account changing acuity levels wiseRssd et al (2004) studied acuity
only at the time of initial wait listing. In addition,ilihons described a much more
involved statistical analysis employed by the IOM vetsu®eid. (Gibbons et al, 2003
& Gibbons et al, 2004).

The third, and most compelling issue related to theseriddfeesults is the lack
of equal geographical distribution of African Americansoasrthe nation’s 59 organ
procurement areas (Gibbons, 2004). Some organ procurengamnizations (OPO) serve
predominantly white populations. Inter-racial variabilikyses among OPOs which can
confound OPO to OPO variability. All of these issues ma#éficult to determine if
any racial disparity truly exists. Confounding this problerthe fact that blacks are
more acutely ill at referral, and therefore may ad¢yuae¢ at even a greater disadvantage
(Gibbons, 2004).

Gibbons (2004) echoing the original IOM Report, calls foegpansion of organ

procurement areas to serve a population base of gthate® million people in addition
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to expanding to regional versus local areas. This iedudiscussed in the geography
section dealing with enabling variables.

In the research study involving wait time and mortalityHogeman and Edwards
(2000), African Americans were found to have a relatisle of wait list mortality of 1.59
times that of white, Asian or Hispanic persons. Thislgtook place during Era 1 (1997)
and was aimed at determining the association betweeercgecific waiting time and
wait list mortality. The authors verified that waigitime was not related to risk of death
on the waiting list. These results contributed toatieption of the MELD acuity score
(Era 3), replacing the acuity and time waiting systeraraf2 (Freeman & Edwards,
2000).

Conflicting results in regard to racial disparities and \Wsti access and mortality
exist. Gibbons (2004) explains these disparities by theolackange in MELD
unaccounted for in Reid et al (2004) and possibly Klassell #928) studies.

There have been no research studies undertaken to aitttresipact of race on
rate of wait listing and liver transplantation amonganity populations during the
current Era 3. Such a study evaluating OPO-specificrdiffees among the current (Era
3) allocation scheme should be undertaken. Consideatidmnging acuity levels,
termed MELD change scores (Merion et al, 2003) are n&gea®ng with survival
analyses that incorporate competing risks of bothptansation and death, as opposed to
an analysis with only one or the other outcome bewaduated (Gibbons, 2004).

Liver Transplant Surgery & Race A comparison of both Era 2 (2001-2002) and

Era 3 (2002-2003) showed fewer listings for all ethnicittedecrease in rates of death or

removal due to being too ill for transplant for Hispar@ind Asians and an increase in
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transplant rates for Whites, Blacks and Asians withian E(Freeman et al, 2004). In
addition the median wait time for blacks was shorten@tiblacks were still younger and
included more women than other ethnic groups.

Strengths of this study include linking of the UNOS datakatethe Social
Security Death Registry as well as the comparisdéraf2 to Era 3 allowing for the
evaluation of the current acuity system with an oNéraling of increased organ access
for more acutely ill patients in Era 3 versus Erar2¢ifan et al, 2004).

In this first study analyzing the impact of Era 3 agldtes to access to
transplantation, Freeman (2004) verifies that MELDuscessful at decreasing mortality
on the waiting list, one of the priorities outlined bg fiinal Rule and recommended by
the IOM report of 1999.

Liver Transplant Outcomes & RaceThe preponderance of research related to

transplantation generally involves access to the mgaltst and allocation of resources for
liver transplant itself; however, in balancing equityhwefficiency and utility, outcomes
must be measured as well. Within the field of transptaom outcomes are generally
measured in terms of both patient and graft survival. ugesan relation to race have
been an issue of significant concern, but studied toahiyited degree.

Eckhoff and colleagues (1997) found that race was not a fagtatient and graft
survival outcomes in a single center study using data fn@niE£1989-1997). A follow-
up study by Eckhoff and colleagues (1998) also in Era 1 (1989-109&) that blacks
were referred later and were sicker at the time fefra but transplant rates and

survivals are the same.
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More recently, Nair and colleagues (2002), using the UN@iSnad database for
transplanted patients during Era 1 (1988-1996) found conflictsgtse In this study,
race was found to be an independent predictor of poor survi2alears post-transplant.
However, this research did confirm that African Amanis were found to be sicker at
transplantation. African Americans were also fountldee lower survivals than whites
or Hispanics after liver transplantation. In additifncan Americans were found to
have a higher rate of chronic rejection than othezgdblair. Eustace, & Thuluvath,
2002).

Criticism of this study, acknowledged by the authors, wadatt that survivals
were not adjusted for socioeconomic status as a confoyudriable (Nair et al, 2002).
In addressing this issue a follow-up study by Yoo and collea@@€2l) was undertaken
across Eras 1 and 2 (1987-2001) to determine if post-transpitoomes were based on
neighborhood income, educational status or insurance &'Dauluvath, 2004).

Utilizing UNOS data from Eras 1 and 2, (1987-2001) as well@sailes as a
surrogate marker for median income, the authors foundithiaan Americans had a five
year lower survival than whites after adjusting for S8 other confounding variables,
however, neighborhood income did not influence outcordesdncation had only a
minimal effect on outcome. Of interest, howevethest patients with Medicare and
Medicaid have a lower survival than those patients pritvate insurance (Yoo et al,
2004).

These five studies (Freeman et al, 2004; Eckhoff et al, 19Knho# et al, 1998;
Nair et al, 2002 & Yoo et al, 2004) report slightly differingti@mes among race during

three eras of allocation. Despite conflicting outesmeported in Era 1 (Eckhoof et al,
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1997; Eckhoof et al, 1998 & and Nair et al, 2002) and in compaaisass Eras 1 and 2
(Yoo et al, 2004), of greatest significance is the currtants of the impact of race on
outcomes during Era 3. During the first year's expeaen Era 3, Freeman et al (2004)
found an increase in overall transplant rate, a deerawait time as a variable and
hence an increase in organ accessibility for mopatilents. In addition there was a
significant decrease in deaths and removals for becaimingj for Hispanic, Asian-
Americans and Blacks in this most current study.

Summary of Liver Transplantation and Racalith the exception of research

teams let by Julapalli et al (2005) and Freeman et al (2804}udies addressing race as
a potential predisposing variable involved in providing or prointdpiaccess to liver
transplant at any stage of the process were undertakendegia from previous eras of
allocation. Although of historical value in understamgdbiases and/or problems with
access for different racial groups, these results doewsssarily reflect current practice.

Julapali and colleagues (2005) used a large regional VA syststudy referral
patterns, the results of which cannot be generalizetbte than other VA patients
hospitalized for end stage liver disease. Freemagcatehgues (2004) used UNOS
data from a year prior to and following implementatiéthe MELD system, to
determine that there has been an increase in thefragamsplantation for whites, blacks
and Asian Americans.

Five years of experience have accumulated in the cuallenation system, Era 3.
A more comprehensive analysis at referral, waitngsand transplant surgery is
necessary to determine if disparities emerge at anyfadhese points of care. One has

to wonder if African Americans might actually have sorhatwof an advantage in this
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new allocation scheme, since there is a greater anobuenal insufficiency in this
population and the MELD scoring system favors renal impant (Reid et al, 2004).
This current study will address race as a predisposing vatiad may contribute to the

knowledge regarding access to liver transplantation.

GENDER

Seven research studies were found evaluating accesgsrtransplantation in
regard to gender. Of theses seven research stud@s,itlhiolved data and analysis
during Era 1 (pre 1997), two compared data between Era 1 (predr@dEya 2 (1998-
2002) and one compared date between Era 2 (1998-2002) and EraZ(®)s

No studies addressed gender and referral to liver transiitemtd hree studies
addressed the waiting list and access to liver trans{ifas¢man et al, 2004; Klassen et
al, 1998; and Reid et al, 2004). Four studies addressed actesspdantation at the
surgical phase (Cholangitis et al, 2007; Freeman 808#; Ozminkoski et al, 1993;
Tuttle et al, 1997).

The Waiting List and GenderThe number of females on the waiting list has

decreased from 44 percent to 40 percent since 1996, but deatnrthe waiting list for
females is less (119 deaths/1000patient years versus 130 He@dhgatient years)
(Pomfret, Fryer, Sima, Lake, & Merion, 2007).

Klassen and colleagues (1998) reported that during Era 1 (1990-1992nwo
waited longer (89 versus 68 days) for a liver transplant avitt4 times greater risk of
death while waiting. The authors suggest that this éifiee of 29 days may account for

the increase in death rate among women. Subsequent sbutlhys Reid et al (2004)
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reported that when comparing Era 1 to Era 2 (1994-1998) wontlemasted longer then
men for transplantation but death on the waitingwia$ not reported.

However, during this same timeframe comparing Era 1 t@E1895- 1999)
Gibbons et al (2003), reporting on the IOM study, showetdthieae was no significant
effect of gender found and that the system showed equdaibtdution for women listed
for transplantation. As has been noted before, @i teport used a change in acuity
levels when analyzing the results as opposed to Reiddiedgues (2004) who used
acuity at time of listing which may account for theffieecences (Gibbons, 2004). Itis
unclear what data source Klassen (1998) used in analysiadsostanding the difference
between these results and that of the IOM report fiedif to ascertain.

Liver Transplant Surgery and Gendein a study utilizing the Hospital Cost and

Utilization Project (HCUP) Database, Ozminkowski antleagues (1993) reported that
women were 1.52 times more likely to be transplanted déiagl (1986-1987). During
a similar time frame in Era 1 (1988-93) Tuttle and collesgd1997) found similar results
in the State of North Carolina study. Despite a higledence of admissions for liver
disease in males during this timeframe, woman had a 38rgédrigher rate of
transplantation than males. The authors attributeéisit to males having a greater
likelihood of liver disease secondary to alcoholism,clwlwas negatively associated with
access to liver transplantation.

Subsequent to these studies, Freeman et al (2004) repa@adeatparison of Era 2
to Era 3 (2001-2003) and found fewer registrations overall atatigtically significant
increase in the transplant rate for males. Thidtresflects the initial year of experience

with ERA 3 MELD scoring system.
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Perhaps most informative regarding the impact of gendecoess to
transplantation is the study by Cholangitis and colleag2@07) utilizing the MELD
score as a means by which to determine acuity. Timitigeodata collection is not
explicitly stated, although it is assumed to be Esa8e this is the era in which MELD is
utilized and the entire study focuses on the variablefioree, which is incorporated into
the MELD equation.

Durand and Valva (2005) point out that there is a probleim MELD’s
creatinine measurement in that an elevated level maghnays indicate worsening renal
function. An individual with a higher body mass indeil, vy virtue of their size, have
a higher creatinine, and subsequently, a higher MELD sdBineen that men generally
have a larger body mass index then women, malesactaglly have an advantageously
higher MELD scores due to their body size and not saciéyg due to their acuity of
iliness. In these instances the MELD score doesafiect the measurement of acuity for
which it was intended.

The study by Cholangitis and colleagues (2007) performedimgée center in
England addressed this issue raised by Durand and Valva (ZD@&y.found that
women with liver disease had worse renal function,rdeted by measured glomerular
filtration rate (GFR), then men with the same dreaé. Given that creatinine is the
measurement of renal function utilized within the ME&Edre, this study uncovered a
systematic bias against women. The authors recommeratiaiom of 3 points to every
woman’s MELD score that is >19, the point at which tispakity is present. This
proposed adjustment of 3 points would be an attempt to ddjusiis identified bias

(Cholangitis et al, 2007).
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Liver Transplant Outcome and Gendef here are no studies analyzing liver

transplant outcomes in relation to gender. Howesanfrey (2005) reviewed gender
specific issues in regard to liver and kidney transplargtiy focusing on immunological
differences and hormonal influences between donorseamgients, topics beyond the
scope of this review.

Summary of Liver Transplantation and GendeAccess to liver transplant by

gender has shown inconsistent results both prior to diesving implementation of the
current allocation system (Era 3). Historically gsdate from Era 1, there is dispute in
the literature regarding the existence of gender inequityl®M data (Gibbons et al,
2003) indicating there was no gender inequity and otherdamaimg a longer wait time
for women (Klassen et al, 1998), greater numbers of adeathe waiting list for women
(Klassen et al, 1998), and yet a higher rate of trantgilan among women (Tuttle et al,
1997).

In the current system however, it is not disputed tranthmber of females wait-
listed for transplant has decreased from 44 to 40 percentf(& et al, 2007) and that
given the newly instituted MELD scoring system thara systematic bias due to
creatinine measurement (Cholangitis et al, 2007).

Further research replicating the single-center stu@ngiand by Cholangitis et
al (2007) should be undertaken with a larger population adtaganter study in the
U.S. to determine if this bias is maintained. In additmadeling the proposal to
increase the MELD score by 3 points for every womah witotal MELD > 19 should be

employed to determine the impact such a policy would have.
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AGE

Age distribution for those individuals on the liver tralasit waiting list has
changed dramatically since 1996. In 1996 there was an equiddudien of individuals
in age categories 18-49 and 50+ years. Currently, 60 percénaseflisted for transplant
are in the 50 - 64 age category. Pomfret and colleag083) suggest that this
demographic shift most likely represents the aging U.Sodeaphics. Of the seven
studies regarding age reviewed, four used and analyzed dat&Rém, two used and

analyzed data comparing Eras 2 and 3 and one used and analgzfedrddERA 3.

Referral and Age Julapalli and colleagues (2005) determined that older age was
a statistically significantly negative determinantieél transplant referral with a 69
percent decrease in odds of referral for every increak@ years of age. Although
performed at a single large VA center and only genetdéz® a similar sample, this is
the only study addressing age and referral to liver transgion during Era 3 (2002-
2003) in the literature.

Wait List and Age In a study undertaken by Klassen et al (1998) in Era 1 (1990-

1992) there was a statistically significant risk of dyingleviiaiting for transplant as
one’s age increased. Concurring with these results Mreesman and colleagues (2000)
who also undertook a study of data from Era 1 (1997) thattezpa relative risk of wait
list mortality increasing with age. In addition, in@garison of Eras 1 and 2, Reid and
colleagues (2004) found that younger patients not only hadististdly significant

shorter waiting time to transplant but the likelihoddieath or being removed from the

waiting list due to becoming too sick was increased by 1.5 tionesach decade of life.

51



In another study undertaken comparing Era 2 to Era 3 (2001-20@3h&meand
colleagues (2004) found that there was a decrease irofatraoval for all ages due to
becoming too sick or dying prior to transplant. This remflects an increase in
transplanting those individuals with higher acuity Isyeine of the primary aims of the
most current allocation scheme.

Liver Transplant Surgery and AgeTuttle et al (1997) found that in Era 1(1988-

1993) there was an increase in liver disease after aged2bdacrease after age 65
which concurs with the rate of liver transplant tisabighest in the very young, and
decreased significantly with those over 65 years oldeiGihe currently much greater
incidence of Hepatitis C in the general population, pderuthe older population, these
findings may not hold true in Era 3. This issue hago/ee studied.

Ozminkoski et al (1993), also studying Era 1 (1986-1987), foundhbaét
patients less than 20 years old were 4 times more li@aigceive a transplant than those
greater than 20 years old. In addition, individuals betv&e65 years of age were 4
percent less likely to get transplanted than othetedlisStudies reporting data from Era 3
concerning age could not be found in the literature.

Summary regarding Transplantation and Ageé\s the population ages,

demanding access to more sophisticated treatment thefaplds-saving procedures, it
iS no surprise that liver transplant would be amongeiesatments sought after.
Keswani, Ahmed and Keefe (2004) recognized that the immubensys significantly
less robust as one ages and therefore prevalence ofrejgetion may, in fact, be lower
among older transplant recipients, perhaps making an pédient a more efficient

choice as a recipient. Paradoxically, older adultg begamore prone to other post-
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transplant complications such as malignancy and @aadcular disease that may make
them a poor choice in regard to long-term outcomes.

In terms of quality and quantity of life after transplamunger patients may
benefit from a longer lifespan and ability to returmiark. However, quality of life
needs to be addressed in both younger and older age grows effort to fulfill
mandates of justice, equity and efficiency all datalade be considered in policy
development.

As the population of end stage liver disease patientdsages of allocation
between young and old will only become more pronounced. éruattention to
outcomes in the transplant population, particularhséhover age 60 years will be
important to research. What complicates the abilitgdcurately access these outcomes
are the donor livers utilized for the older populationte®the organs chosen are older
and even higher risk then those placed in younger retgisaking outcome
comparisons difficult. Continued assessment of outsomikbe necessary to contribute
to the allocation debate in regard to equitable distrinutidivers for transplant,

particularly since the inception of MELD and Era 3.

Characteristics of Population at Risk: Enabling Variables
EDUCATION

Access to liver transplantation in regard to educatienadllhas been studied in
regard to the impact educational level plays on soam@uic status (SES) as it relates
to outcomes (Yoo et al, 2004) and the impact educationdlHaseon multiple listing

(Merion et al, 2004).
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In a follow-up to Nair et al (2002), that found race taabendependent predictor
of outcomes, Yoo and colleagues (2004) looked at post-tramsplecomes in a database
collected during Eras 1 & 2 (1987-2001). The study looked abtpaat of race by
adjusting for educational level, neighborhood income angamge. In this particular
study, educational level was found to have only a minaffatt on outcomes (survival).

Merion and colleagues (2004) studied the impact of dual-listinghnikithe
practice of listing at more than one transplant centethis study, also performed on
data from Eras 1 & 2 (1997-2000), it was found that 3.3 percdneofcandidates were
multiple listed and lower educational levels were aissed with significantly lower odds
of multiple-listing. This will be discussed furthergeography, however, important in
regard to the predisposing variable of education, it appeén®agh candidates with a
college level education or higher have 1.55 times greaterafddsltiple listing than
those with less than a college education.

Of significance in regard to access to liver transpktte fact that the transplant
rate for multiple-listed candidates is 195 percent highem patients who are listed at
only one center, a statistically significant finding.thlugh multiple-listing only
accounts for 3.3 percent of all listed liver transplamdidates, this practice constitutes

access to significant disparity in allocation (Meretral, 2004).

ABILITY TO PAY
Four research studies have analyzed ability to pay andsacciger
transplantation, two within Era 1, one looking at dateoss Eras 1 & 2, and one

international study in which the U.S. Era is not raldv
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Tuttle and colleagues (1997) looked at access to livesglant during Era 1
(1988-1993) at the time of surgery and showed that ability tdv@ayhe strongest
predictive power of the likelihood of receiving a transpla®®zminkowski et al (1993),
also during Era 1 (1986 — 1987) found the same results, witlk thost able to pay being
1.7 times more likely to receive a liver transplantrf@#&owski et al, 1993). In this
study insurance coverage was used as a proxy for ability tQzainkowski et al,
1993).

In regard to income affecting transplant outcomes, &fwb colleagues (2004) in
the study previously described, used zip codes as a surrogéer wlamedian income to
determine if ability to pay impacted survivals following suygeFindings indicated that
neighborhood income did not influence outcomes, howekiere was a decrease in
survival for patients with Medicare and Medicaid as oppasehose with private
insurance (Yoo et al, 2004).

In the study by Merion et al (2004) involving multiple-listidgring Era 2 (1997-
2000), it is not surprising that those with private insurameee more likely to multiple-
list than those with Medicare and significantly mbkely to multiple-list than those
patients with Medicaid. It is inferred that those wptivate health insurance have a
greater ability to pay than those patients with Medi@cdone and/or Medicare and
Medicaid.

Although an international study, McCormick and colleag2€94) looked at
liver transplant candidates in Ireland from 2000 to 2002. @icpdar concern in this
study was the issue of disparities with a two-tieresthecare system of public and

private health insurance. The findings suggest that evemationally based system of
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health care coverage for all, candidates with addiliprivate insurance are more likely
to receive a transplant than those with only public exsce (McCormick, O’Rourke,
Carey, & Laffoy, 2004). Of interest in regard to the systd allocation currently being
utilized in the U.S. would be an analysis of whetherdheas a similar effect of private
versus public funds and access to liver transplantatitime current era of allocation, an
issue to be addressed in this study.

There have been no studies during the current allocat®3 that address the
enabling variables of ability to pay or insurance coveragmitafions to the ability to
perform such research involve the lack of an integrateabdaé linking clinical
transplant data with administrative claims data.m@re and colleagues (2007) reported
in a current study just such a linkage between the OPTabals¢ with payer data from a
large data warehouse called Health Benchmarks for thie 685 to 2004. Future
research using this linked data system will most certéalyseful in evaluating both the
economic and clinical outcomes of liver transplanttipalarly as this relates to access to
care.

Summary of Liver Transplantation and Ability to Pay. Historically, ability to

pay as measured by income or insurance coverage hashosents be a significant
enabling factor in determining access to liver transplemtatinitially, during Era 1,
ability to pay was determined to be a positive predictdrasfsplant (Tuttle et al, 1997 &
Ozminkowski et al, 1993). Era 2 showed divergent resiidian income by zip code,
when utilized as a surrogate for ability to pay, was fonot to be an enabling factor in

providing access to care (Yoo et al, 2004). However, abdityultiple-list and the
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association with this and carrying private health insieamas shown to be a significant
predictor of access to care during this same time pekeddn et al, 2004).

This issue of multiple listing may have an elementkmibtving the system”
(Anderson, 1995) that contributes as an enabling factonmmgaaccess to liver
transplantation as much as the issue of ability to paot all patients are made aware of
the potential advantages of multiple listing such asteshed waiting time and increased
likelihood of transplantation (Merion et al, 2004).

Proponents of multiple listing argue that all patiesttsuld be made aware of the
option to multiple list as well as detailed informatieegarding waiting times at various
transplant centers throughout the country so thataoated decision regarding multiple
listing can be made. Opponents argue that multipladigtroduces an unfair advantage
in terms of access and should not be encouraged or dliexion et al, 2004).

Even in a country with universal coverage, more speedgss to liver transplant
was found among those whose public insurance was supplemetitgutivate insurance
(McCormick et al, 2004). It will be important to studyether or not the impact of
“know how” regarding multiple listing as well as thelapito pay for transplant
continues to play a role in enabling access to liveispiamtation during Era 3 of the
organ allocation system, since acuity is presumed thébdriver of access. This will be

further discussed in the need variables section of the .paper

GEOGRAPHY

Another variable that influences an individual's acceds/ér transplantation is

geography or where someone lives. Inthe Anderson Ma#é8bj this would be an
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enabling characteristic based on the way the systemgah allocation and distribution
has been set up.

Historically, there was a significant limit to thember of hours from the time of
procurement to transplantation of a donor liver. Thisalled cold ischemic time (CIT)
and was originally limited to 8 to 12 hours. This limitQhl required an organ to be
recovered and transplanted within this time frame, timising the distance that could be
traveled for recovery. Based on these geographicdétioms and other political
influence, a system of allocation was developed thaaires essentially the same today,
decades after its inception.

As described in Chapter 1, the country is divided into 11 UKgg#ns with
varying numbers of organ procurement organizations (OP@sihveach UNOS region.
Each OPO serves from 1 to 8 transplant centers.p®pealation served by each OPO
varies significantly. This factor, in addition to theesof the waiting list, the acuity of
the patients waiting, the number of donors in an andalze ability to procure organs all
contribute to access to transplantation. Given tfsgesn design, significant disparity has
existed between rates of transplantation throughoutdbatry.

Analysis of data from Era 1 (1994-1996) was undertaken by Cssigral
mandate in 1998 to address the geographical disparities iat@loof livers in the
United States. This resulted in issuance of the “Mudé,” discussed in much greater
detail in Chapter 1. In brief, the “Final Rule” callext i more equitable distribution of
livers based on acuity rather than time waiting and nieghemphasis on keeping organs
within local procurement areas. Strong opposition, withetransplant community, to

the second of these federal mandates resulted in a relaeste Institute of Medicine
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(IOM) review the impact of the Final Rule.

The IOM made a recommendation to establish uniform OAdlacation Areas
(OAAs), each serving a population of at least 9 milliongbedn an attempt to equalize
the number of patients each area would serve. This reeodation has never been
adopted. The original eleven historically drawn regi@msain with organ procurement
organizations serving variable-sized populations, despite ¢héhfet CIT has increased
to 20 hours, essentially allowing travel distances spanhagduntry.

In order to frame the current debate regarding the geogedninécjuities that
continue to exist, an analysis of data from the IOMreas well as subsequent studies,
some utilizing computer simulated modeling will be reviewed.

Reporting on the IOM study (1999) analyzing over 33,000 recordsibfist and
transplant patients between 1995-1998 (Era 1) findings includedilarsivait time for
the most acutely ill patient but statistically sigraint differences in wait time for non-
acutely ill patients. In addition, smaller OPOs (thesering 4 million patients or less)
had a significantly larger number of transplants tihase larger OPOs (serving over 9
million patients). Because of this finding the IOM recoemded 9 million as a standard
for patients served per OPO (Gibbons, Meltzer, & Duan, 2B@ihons et al, 2003).

Other recommendations included greater governmental glieiesnd
development of an acuity based system of allocatiamydeway with wait time as a
variable. Of these three recommendation, an abasgd system of allocation, (MELD),
was adopted (Gibbons, Meltzer, & Duan, 2000; Gibbons 2088B).

As a follow-up to this study, the same committee studjB8®new listings from

1998 (Gibbons, Duan, & Meltzer, 2000). Of these new listihgsekcess number of less
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severely ill patients that were transplanted in sen&llPOs (< 9 million) were compared
to those transplanted in larger OPOs (> 9 millionpdiAgs indicated that 298 additional
patients were transplanted at a lower acuity leveimaller OPOs. The committee
concluded that if broader sharing of organs were implesdeiais many as 298 of the
most urgently needy patients would have been transplaitad.was the first of what
would become many simulation models, designed to illusivagt impact a change in
the allocation system might have (Gibbons, Duan, &ée] 2000).

In an effort to determine an optimal configuration ofieeg by a methodological
approach Stahl and colleagues (2005) analyzed data from Er2s(1993-2000). Using
an integer-program, by constraining the regions to the muntember of 11, it was found
that 17 additional organs could be transplanted. If thebeuwf regions were not
constrained, an additional 19 organs could be transplaiieel main purpose of this
study was to establish methods and principles to develalelséor future allocation
schemes (Stahl, Kong, Shechter, Schaefer, & Rol#005).

Ellison and colleagues (2003) analyzing data from Era 2 (1998 — 2660)
another computer-simulated model (CSM) to determinalifanging lines of organ
distribution could reduce geographical disparities. By ekbgnthe Kaplan Meier
method to a competing risks model it was found that tlisparities could be reduced,
but not eliminated (Ellison, Edwards, Edwards, & Barker, 2003).

Following the implementation of the MELD acuity syst&chaffer et al (2003)
studied whether MELD insured equitable distribution withimngle UNOS study region
during Era 3 (2/2002 — 11/2002). Findings indicated that although MikeBicted and

allocated organs to more acutely ill patients, thereameed significant disparity among
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centers in selection and allocation of organs, suggetenneed for a much more
transparent system of regional sharing (Schaffer, Knik&larper, Millis, & Cronin,
2003).

During a similar time-frame Trotter & Osgood (2004) lookethatdifference in
MELD scores across different size OPOs (Era 3: 2/28(B1/03) and found that
MELD scores were much higher among patients transplamiacger OPOs versus
patients transplanted in smaller OPOs, indicatinggh#ents are transplanted at much
lower acuity levels within smaller sized OPOs. Ofi@arn in regard to this finding is the
ability of those with financial means to dual list or rade an OPO of a smaller size,
improving their chances of being transplanted when sl ill (Trotter & Osgood,
2004).

Roberts et al (2006) utilizing data from Era 3 (4/02 -4/03)leyagl a computer
simulated model (LSAM) to determine the projected efféet mational policy of acuity
of MELD > or = 15. This study looked at the current 11 B\NRegions with 50 Donor
Service Areas that serve 1-8 transplant centers egtminugh this simulation a change in
allocation to prioritize patients with a MELD > or = /as projected to decrease
variability of MELD at the time of transplant (Rob&rDykstra, Goodrich, Rush, Merion,
& Port, 2006).

Similarly, Freeman et al (2002) used a specifically develaoenputer simulated
model called ULAM to produce hypothetical distributions teed®ine the effect of
enlarging liver distribution boundaries. None of theultssof these described computer
simulated models have been adopted in terms of a chatige allocation system.

Significant disagreement exists within the transplantroanity regarding the issue of
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changing the established allocation system (Freemapgka& Edwards, 2002).

Summary of Geographical Disparities in regard to Transplant

Figure3.1: 11 UNOS Regions

As previously described in Chapter 2, over twenty yearsaggstem of organ
allocation and distribution was adopted in the UnitedeSthased on geographical
distribution within 11 UNOS Regions (Figure 3.1). Eachaegontinues to be served
by variable numbers of regional OPOs and each OPO sk®¢ésansplant centers.
Organs identified for transplant purposes are offereallipfirst, then regionally and
then nationally, based on the MELD acuity systemraf & previously described. This
geographical allocation scheme was designed to meet f@atiobs: to decrease organ
preservation time, improve organ quality and survival ques) reduce cost and improve
access (Roberts et al, 2006).

The UNOS Regional system of allocation can be lideioeU.S. Congressional
districts, however, unlike UNOS Regions; Congressioaalistricting occurs every 10
years based on population census reports. The UNOS digzatian system, despite
the adoption of an acuity-based model (MELD) in 2002, nesnartually unchanged
since its adoption in 1984.

UNOS continues to serve the same 11 regions despiter@ase in the number
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of patients awaiting transplantation as well as aneiase in liver transplant programs.
The distribution of this increase in population of weytpatients has not followed any
formal pattern and the ability to multiple-list or mageanother area of the country to
receive an organ further complicates equitable acodsarisplantation.

Improvements in organ preservation allowing for incrdased ischemia time
(CIT), continued geographical inequities and recommendabiptise IOM to address
these geographical inequities have not resulted in any clmggegraphical distribution
of livers for transplantation. This issue of geographimaduity may, in fact, be the
proverbial elephant in the room, everyone recognizing @seprce, but no one willing to
do anything about it.

Studies reviewed confirm the original IOM report (Gibbadvisjtzer, & Duan,
2000; Gibbons et al, 2003) indicating that geographical inegeixiss (Trotter &
Osgood, 2004; Schaffer et al, 2003; Freeman et al, 2002; asdrEdi al, 2003). Current
research suggests that the current allocation schemachally be providing a barrier
for access to liver transplantation, especially fasthindividuals listed at large
transplant centers (Roberts et al, 2006).

The emerging technology of computer simulation willalies to further study
geographical differences as an outcome, allowing us terhettlerstand those factors
that contribute to these geographical differences wehrttent of influencing policy.
Prior to further prediction through simulation modelingnare current analysis of the
impact of geographical inequities is necessary and underitakieis study to addreske
context of Era 3's acuity based system and whether galoiged inequities continue to

exist.
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Characteristics of Population at Risk: Need Variables
MELD

The Model for End Stage Liver Disease (MELD) was o@adly created to predict
survival after transjugular intrahepatic portosystemiash(TIPS) but was adopted by
UNOS in 2002 to prioritize the allocation of liver graftEhe model uses serum
creatinine, total serum bilirubin, International NormediRatio (INR) for prothrombin
time and etiology of cirrhosis to predict survival. @mally tested in a heterogeneous
population of patients in the US undergoing TIPS for ceifydhe model was also
analyzed with an independent data set from the Netig=ri@Malinchoc et al, 2000).

The intent of the MELD score is assign a numenedlie to the patient’s acuity
level with the goal of transplanting the most acutklyatient under the assumption that
this measure is the most objective measure of neechwiibipopulation of liver failure
patients.

Freeman et al. (2004) compared data pre and post MELD toniletehow the
application of the new severity index for allocation parfed. They found a 12 percent
decrease in total number of newly listed patients, prgtahie to the loss of advantage
for patients to accumulate waiting time and thus a deergeearly referrals and
subsequent listing for transplant. There was also peddent reduction in mortality on
the waiting list, likely because of the shift to traasp more acutely ill patients. There
was no change in post-transplant survivals, probablyecklat those factors not
addressed in the pre-transplant severity model such as dge, organ condition etc.
There was also a three-fold increase in transplamtdédir hepatoceullular carcinoma

(HCC), probably due to the added priority points afforded HGQ{@mpa over and above
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their MELD score (Freeman, 2004).

Other researchers have looked at additional variablesndnaadd value to the
MELD score including change in MELD measurement. Intaddiresearch on the
physiologic measurements of sodium, creatinine clearamd&@lpha feto-protein have
been undertaken.

Liver Transplantation and SodiuResearchers at a single transplant center have

studied the impact of serum sodium (Na) in predicting atibytamong end stage liver
disease patients in an effort to determine if inclusibNa into the acuity based MELD
model would improve its predictive ability and hence providéngroved acuity based
allocation scheme (Biggins et al, 2005).

In a follow-up prospective multi-center trial, resgamvolving the addition of
serum sodium (Na) to the MELD score as a predictonatftality in patients in end stage
liver disease was undertaken with the aim of modelingisnwh of Na into the MELD
score (Biggins et al, 2006).

Model developments including using serum Na as a continwarigbie yielded
better models than dichotomized Na (normonatremic andnermonatremic). Once the
Na variable was defined, the survival model was refitHerMELD variables with a final
model named MELD-Na that is calculated using the formMiELD-Na = MELD +1.59
(135-Na). This formula included minimum and maximum value§N (Biggins et al,
2006).

Although tested in a small sample population, this new.BHRa was shown to
favor 27 percent of patients in this study, meaning thattMBa provided a higher

numerical acuity value than MELD alone, thereforanding allocation for this cohort of
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patients. This study requires validation and final madaéehil analysis through UNOS
collected date, however, this first step in developipgaatical guide to incorporate other
potential variables into the MELD calculation is a véleacontribution to the continued
optimization of the allocation model (Biggins et al, 2006)

Liver Transplantation and serum creatinifgsues regarding disparity in

creatinine measurement have been reviewed with respgehtier disparities previously
discussed (Cholangitis et al, 2007). This research w&srped in a single center study
in England. Others have alluded to the advantage an iedreesatinine plays in the
MELD calculation. In particular, the impact of create measurement on the MELD
score has contributed to an increase in the numbeatiits transplanted with kidney
and liver disease (Gonwa et al 2006).

A more comprehensive analysis utilizing the UNOS datablageld be
undertaken to determine the extent of the influence aticiee and whether this impact
potentiates further disparities within the allocationeiyst If such disparities are
confirmed, another analysis should be performed to seehf disparities could be
ameliorated by additional MELD points being added to thosenpially disadvantaged
patients (i.e.: female gender).

Liver Transplantation and Alpha-Fetoprotdiatients awaiting liver transplant

with elevated serum alpha-fetoprotein (AFP) levelh@absence of radiologically
confirmed hepatic tumors are given priority in the curteer allocation system. This
has been accomplished through the award of extra paidesiaonto the candidate’s
MELD score. In an attempt to determine if this inceeimsAFP correlated with the

actual presence of a hepatic mass, researchers analyadbdaall patients in the
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UNOS data base who were awarded extra points from 2/20J2Q@65 (Kemmer et al,
2006).

Hepatic tumors can be identified after the transpangery through pathologic
testing of the ex-planted liver (diseased liver thagaced during transplant surgery)
upon its removal. Presence of hepatic tumors wererogad in only 26 percent of those
patients receiving extra points for elevated AFP levetiicating that these extra points
may have been unwarranted. The authors maintainhisgidor correlation may call for
a change in this policy of awarding extra points to¢Ho®r patients with elevated AFP
levels. (Kemmer et al, 2006).

Liver Transplantation and Change in MELD scoWlen comparing results of

studies involving the Era 3 allocation scheme, differemec@utcome have been
attributed to data analysis utilizing one-time MELD measnet at time of listing versus
changing MELD scores through the wait list time perio®Gns, 2000 and 2004). This
begs the question of whether change in MELD is a morerate measurement of acuity.
Research has begun on this topic (Merion et al, 2003gldmitly needs to continue as the
current allocation schemes continue to be evalugtaanath and Kim (2003) suggest
that change in MELD may further insure that the besefitliver transplantation will be
maximized.

Analysis of MELD change will certainly be more statiatly challenging and
changes in MELD must also be verified to be reflectiVencrease acuity versus a pre-
terminal event (Kamath & Kim, 2003). Should a MELD changasurement be
modeled to determine usefulness and accuracy, significant efbuld be required to

collect, report, and calculate multiple values crepéirmore complicated data collection
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and reporting structure requiring oversight. However, susystem may prove a more
equitable way to allocate livers.

Summary of MELD as a Need Variable in Liver AllocatiorAnderson (1995)

describes evaluated need as the variable that reflpetdesssional measure and
evaluation that can be quantified. The developmentBfMwas intended expressly for
the purpose of allocating the limited supply of livershe sickest patients listed. Since
adoption as the acuity measure, several researcéegschntinued to evaluate its
effectiveness and have even researched other varibteanay strengthen MELD’s
predictive ability.

Further research, continued analysis of the currentM&tuity measure and
study of the impact MELD has had on those previously destipredisposing and
enabling variables will be important. It is the resphbifisy of the transplant field to
continue to evaluate and improve upon the liver allocaystem in order to insure the
most equitable system possible.

Wang and Saab (2004) point out that quality of life areaddtessed in the
current allocation scheme used. Although beyond thgesobthis review, this issue
bears mentioning as it is imperative that evaluatiogquality of life be considered when
considering the risks and resource allocation expended dharyer transplantation
process. Despite the advantages and disadvantagescafitbiet allocation system,

issues regarding quality of life have not been analyzedhmrough manner.
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Summary and Conclusion

The intent of this chapter was to provide a thoroughdture review in regard to
those variables that Anderson describes as predispesiagling and need variables that
contribute to access to care from both a predictiveeapthnatory perspective
(Anderson, 1995).

Specific focus on the predisposing variables of race foumadeed for a
comprehensive analysis of access to referral, thengdist and transplant in regard to
race during Era 3. Questions remain regarding the impatDMtas had with respect to
African Americans, since their prevalence of renaliffisiency is greater than other
races.

The literature review focus on gender called for a rapja of the study by
Cholangitis et al (2007) within the U.S. population to datee if MELD produces the
same systematic bias against women due to the issuriof seeatinine as a measure of
renal function found in the single-center in Englandaddition, modeling the proposed
extra 3 points for every female with a MELD score »ifuld yield valuable information
as well.

Given the increase in age in the current population, seghrding age and
access, utilization and outcomes must be evaluatder#&8 with donor source being
taken into account as well. In addition, work regardindtiple listing in regard to
educational level should be undertaken to determine if diggsaeixists either through
this SES indicator or because of a lack of “know-howeigard to the system.

Utilization of the new link between administrativaiohs data and the UNOS data

base as described by Gilmore et al (2007) may prove to funtdréy ability to pay and
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the impact this enabling factor has on access to l@esplantation. Geographical
disparities should be further studied using data from ErafBparticular attention to
further simulation modeling in order to address the origidd mandates and the
impacts these would have if implemented.

Attention spent on the need variable MELD found tha theasurement
appeared to decrease unnecessary additions to the wattisgdiprovide improved
access for those more acutely ill. However, timag be additional physiologic
measures that could improve upon its effectiveness.

Missing from the literature is an analysis of the intpdEra 3’s allocation
scheme on access using the UNOS database for thistdumrerperiod. What is
currently known is that the waiting list is stable,rmacutely ill patients are being
transplanted, and there continue to be geographical dispantorgan distribution in the
United States.

There is limited data regarding the current status (Eod tBle impact of race,
gender, age, education, geography or ability to pay on atcéesr transplantation.
Decisions regarding improving access must be based onrtteatcallocation Era, not
data analysis on previous eras of allocation. Inssncg the extensive UNOS database,
this research study analyzed the impact that race, gesdlecation, geography, and
ability to pay and MELD have on access to liver trangplzon, defined as time of

transplant.
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Chapter 4
Research Design & Methods

Liver transplantation is the treatment of choicetfmse individuals found to be
in End Stage Liver Failure. The incidence of liver tpdastation in the United States
has grown more significant over the past ten yeam %6.39 to 21.73 per million
population, or greater than 6,000 liver transplants annualhépast several years
(OPTN/UNOS database, accessed October 12, 2007). Howsveymber of
individuals who continue to wait for a liver transplasaimost three times those
fortunate enough to receive one in any given year. lifttigng factor in providing this
therapeutic treatment to more individuals is the avaitglaf organs for transplant
purposes. Despite the significant efforts to increls®rs previously described, only
minimal increases in organ supply have resulted over stedpaade. Given that
demand far outstrips supply of livers for transplant pueppthe issue of access to liver
transplant through allocation of this scarce resounogirtues to dominate the field of
transplantation and is a source of scrutiny by the publcmedia and ethicists alike.
The issue of concern is not only who receives thigdishresource, but what
characteristics or variables, other then acuityloéds, provide greater access to care?

This study is designed to examine access to liver trartggitamby comparing
those individuals who receive cadaveric transplantsdse who do not receive an organ.
A national database of transplant candidates and eatspoffers the opportunity to
examine the factors related to time to liver transpila regard to age, race, gender,

ethnicity, socioeconomic status, geography, height, weiytod type and diagnosis, as
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well as acuity levels of illness as defined by the ModeEnd Stage Liver Disease
(MELD). Toward this end this dissertation poses threeiSpaims.
Research Aim #1.:
Describe those who have received a liver transplantdset\2002 and 2007
compared with those that continue to wait for a trimg¢uring this same
time period.
Research Aim #2:
Determine how the implementation of the Share 15 Rulanuary 2005
impacted time to transplantation for MELD acuity levelsr = 15.
Research Aim #3:
Examine the factors associated with time to liver trargghcluding those
predisposing, enabling, need (acuity of illness measured byOYihriables
and geography while controlling for time period both beforeadtet
implementation of the Share 15 Rule. Examine thegerfaacross 11
geographical UNOS regions as well.
Hypotheses
The following directional hypotheses will be evaluatethis study:
Ho;: Higher rates of liver transplant will be assoethwith younger age, male
gender, white race, higher income, higher levels of eduggtrivate insurance,
and heavier weight, and taller size, while controlliogdcuity.
Ho,. There will be differences in rates of transplaotatimong 11 geographical
UNOS regions. Specific variables contribute to thedergifces for each

geographical region.
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Hos: The likelihood of being transplanted at a MELD > or = ibincrease in all
11 UNOS regions after the implementation of the MELCShare rule in 1/2005
when compared to pre-MELD 15 Share implementation.

Hos: There will be disparity across racial, gender and soonomic lines in

regard to access to liver transplantation among the 1Ta@ugal UNOS regions.

Background

Liver Transplantation is a successful treatment mpdfalr individuals in end
state liver failure. There have been more than 86,080tlansplants performed in the
United States since 1988 (UNOS, 2007), about 90 percent of Wwénehcome from
cadaveric donors. As of November 2007, greater than 16,008@&lates await liver
transplant. Almost 15 percent or 2400 of these candidalldsecome too ill or die
waiting for an organ and approximately 38 percent or 650Cuatillally receive a
transplant, after waiting from one to five years fog procedure. Annually, about 10,000
additional patients will be added to the waiting lisl amless an increase in donors or
other medical therapy is discovered to treat thediiduals, close to 60 percent of those
in medical need will go without a liver transplanteath sentence for these patients.

Early recognition of this imbalance in supply and demandicpéarly in relation
to the primarily Medicare-funded kidney transplantatied,to the development of
federal legislation by means of the National Transpfantitof 1984. This mandated the
establishment of an organ matching and procurement netwoitkefalevelopment and
maintenance of an equitable system for the allocatmhdistribution of all cadaveric

organs. The system is known as the Organ Procuremeémitransplantation Network
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(OPTN) which is managed through federal contract by Unitetvidik for Organ
Sharing (UNOS). In addition, the Scientific Researcdn$plant Registry (SRTR) was
established as the primary database of candidate and neéaigagmation. This is the
database to be utilized in this study and described furthbe Sample Section.
Organ Allocation System

Figure 4.1 below illustrates the complex nature of flséesns involved in
managing to organ distribution and allocation within tlaagplant field. Of importance
in the oversight by Department of Health and Humani&es as well as the continued
involvement of the Centers for Medicare Reimburseméntg) in the allocation of all

organs.

Figure4.1
Transplant System
Organizational Chart

National Transplant System Organizational Chart

Secretary of Health and Human Secretary’s Advisory
Services Committee on Organ
Transplantation

Certified | | Transplant Centers
OPOs Medicare and Mon-
Medicare Certified

Research/
URREA)
{U of Michigan)

OPTN Board of Directors
OPTN Committees

The Health Resources and Services Administration's &R@vision of

Transplantation administers and oversees two costtadacilitate the nation's allocation
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system for organ transplantation. The Organ Procuneiimansplant Network (OPTN),
contracted by the United Network for Organ Sharing (UN@Sgsponsible for
operating the national network for organ procurement andatibn, and works to
promote organ donation. The Scientific Registry ofn§@ant Recipients (SRTR),
contracted by the Arbor Research Collaborative foaltde provides analytical support
for the ongoing evaluation of scientific and clinicedtas of solid organ transplantation.
HRSA's Division of Transplantation (DOT) overseestbof these activities.

Despite the complex system of oversight involvedllocation of solid organs,
inequity may continue to exist in terms of age, racedgereducational level, payer
status, ethnicity and geography. Over the years, rdsguatice field of access to liver
transplantation has focused on acuity of illness measorgan distribution areas and
disparities that are encountered based on potentignsgst bias (Ahmad, Bryce,
Cacciarelli & Roberts, 2007; Cholangitis et al, 2007; BilisEdwards, Edwards &
Barker, 2003; Eckhoff et al, 1998; Freeman & Edwards, 2000; Fredtaaper &
Edwards, 2002; Gibbons, 2004, Gibbons, et al, 2003; Gibbons, MeltZana&, 2000;
Gonwa, McBride, Anderson, Mai, Wadei, & Ahsan, 2006;3aila Kramer, & El-
Serang, 2005; Kemmer, Ahmed, & Keefe, 2004; Klassen, KlaBseakmeyer, Frank,
& Marconi, 1998; McCormick, O’Rourke, Carey, & Laffoy, 2004ehbn, Guidinger,
Newmann, Ellison, Port, & Wolfe, 2004; Nair, Eustace &ullivath, 2002;
Ozminkowski, Friedman, & Taylor, 1993; Pomfret, Fryem&;j Lake, & Merion, 2007;
Reid, Resnick, Chang, Buerstatte, & Weissman, 2004; Rolbgitsiram, Goodrich,

Rush, Merion, & Port, 2006; Sanfrey, 2005; Schaffer, Kulk&tarper, Millis, &
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Cronin, 2003; Tuttle-Newhall, Rutledge, Johnson, & Fair, 199Yp& & Thuluvath,
2004).

These studies, although informative, have often analyzéd@mpared data from
different allocation periods and at different pointaicéess or stages as described above.
This heterogeneity of sampling and allocation period adsdonthe inability to clearly
identify barriers to access in the current liver alion scheme and hence define current
policy issues that may require re-evaluation and poteartigion.

Allocation of cadaveric livers has evolved from a tima&iting to an acuity based
system, the most current application of which is thrahghnstitution of the Model for
End Stage Liver Disease (MELD) acuity score on Felgr@@r 2002. Comprehensive
evaluation of access since the implementation oMBEe&D acuity system is lacking in
the literature.

In addition, access to liver transplantation occura eontinuum, defined by
three specific stages or points of access (see FigRixelTshese are referral (stage 1), wait
listing (stage 2) and surgical liver transplantation fit&thge 3). Stage 1 or the referral
stage of access depends on accurate identification,odilsgand referral to a tertiary care
center with the capability of providing liver transplamatas a treatment option.

Despite the importance of studying access at this dfagabsence of a comprehensive
database with well-documented liver disease prevalenoetas the inability to capture
those individuals not diagnosed with end stage liver diséas to lack of basic health
care makes such a study difficult to embark upon. Alth@ttggmpts to study this

population have been undertaken, these have been limitestabe-wide study (Tuttle-
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Newhall, Rutledge, Johnson, & Fair, 1997) as well as scwyier large VA hospital
study (Julappali, Kramer, & EI-Serag, 2004).

Access to liver transplant at stage 2 (wait-listingJapendent on successfully
entering stage 1 and then becomes center-driven by matardinical evaluation of
transplant candidacy. It is difficult to evaluate@ss at this stage due to non-
standardized acceptance criteria among centers andkhefla comparison database of
individuals denied candidacy, since data is only recordetidsetchosen as candidates.

The third and final stage of access to liver transptaat the actual time of
cadaveric liver transplantation. This proposed studg#&gned to examine access to
liver transplantation at stage 3 with an additionalat#on of those individuals who get
to stage 2 but continue to wait for an organ to becomiéaaia

All of these transplant candidates have succesdfeliy referred (stage 1) and
selected (stage 2) onto a liver transplant wait lidtragistered with the United Network

of Organ Sharing.
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Figure4.2
Stages of Accessto Liver Transplantation
And

End Stage Liver Disease Diagnosisin the Community
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Once wait-listed, transplant candidates are eitheoved from the waiting list,
transplanted, or continue to wait for a cadaveria livensplant. Approximately 10,000
patients a year are removed from the cadaveric waiihgReasons for removal include
transplantation, death, condition improving or deteriagaéind other. In this study
those removed from the list for reasons other thamsplantation were excluded from the
study sample.

Given that the literature is primarily based on secondaalyses of data sets from

different stages in the process and employing differdétadion schemes, conclusions
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drawn from each research study may or may not beaei¢® current allocation
practices. Despite this limitation, the field of tsptantation has often relied on these
studies of previous allocation eras to report on digparih distribution and allocation of
livers. This makes it difficult to distinguish what dispias actually exist with the
current system of allocation from those that areinaitg to be reported from prior
allocation data sets. Hence the need for this secoadatysis, limited to data collected
since the adoption of the acuity based MELD scoringesy®n February 27, 2002.

The purpose of this study is to examine access to liaasptant following the
adoption of the MELD system of acuity (AllocationaE3) used for the allocation of
cadaveric organs at stage 3 or the time of transplactimparing those patients

transplanted with those that continue to wait.

Contribution of this Dissertation Research

The factors that influence access to liver transplentamplex and inter-related.
Given that access to liver transplant occurs at tbir@ges on a continuum, addressing
one point or stage along the continuum will only pdstimiform the question of access
to transplantation. This being said, a study of acacesare at the point of
transplantation (stage 3) is clearly the most relegagstion to begin with as it will
define the disparities that may exist at the actualtpditransplantation, given the
current acuity based system of organ allocation.

This research will add significantly to the body of kneade regarding the
potential disparity in access to care for a highly resedependent treatment modality.

While this procedure (cadaveric liver transplantation) eelywes an average of 6,000
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individuals a year, this limitation exists only becausthe limited supply of organs
available for transplant purposes. Allocation of fediorgans should transcend issues of
age, race, gender, educational level, economic status agcagbical location. This

study will determine those variables most highly correlatéh the probability of

receiving a liver transplant as well as those that dant to the time to transplantation,
while controlling for need. In addition, variables thatvide barriers to access may
also be identified. From a more global perspective, #ssarch study may serve as a
model to evaluate the impact of other acuity-base@sysbf allocation among highly

resource dependent treatment modalities.

Methods

This dissertation research utilized secondary data neenlarge national research
database. Secondary analysis provides an efficiempagoal method of research that
has historically been the method-of-choice in hesditvices research. The primary
database involved is the Scientific Research TransRagistry (SRTR), with input from
the Organ Procurement Transplant Network (OPTN) andat&n from the Social

Security Death Master File (SSDMF) and the Natioreath Index (NDI).

Sources of Data & Sample: SRTR / UNOS Database

The primary source of information regarding transplamdaates and recipients
comes from the OPTN database which is supplied by trarispaters via an on-line
database called the Transplant Information Electronta Dd@erchange (Tiedi).

Transplant Candidate Registration (TCR) forms and Spdamt Recipient Registration
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(TRR) forms (Appendix B &C) are the reports that are stibthby each transplant
program where the variables studied are derived fronRsT&e generated when a
patient is wait-listed for a liver transplant. TRRe generated when a transplant has
occurred. Mandatory data reporting through Tiedi beg&0@3, allowing integration of
patient-related data from the time of organ wait-lgumtil graft loss or death. The
OPTN database stores information on all persons onat@nal waiting list. It is the
responsibility of each transplant center to updatefasmation on a continual basis,
particularly in regard to severity of illness such asLD scores for liver transplant
candidates. Maintenance of the transplant walishgs, however, dependent upon
reporting of outcomes, which is center driven. Some oogsp such as transplantation,
are invariably immediate, due to the generation of ssplant record and a reporting
requirement within several days. However, reportingeofoval from the waiting list
due to death or other reasons may occur as a lag, whi@ffeanthe accuracy of the
data which will be discussed in limitations to the st(ldgvine, McCullough, Rodgers,
Dickinson, Ashby & Schaubel, 2006).

Subsequent to the submission of data from individualptanscenters to the
OPTN/UNOS database, data from the OPTN is transféordte SRTR on a monthly
basis as illustrated below in Figure 4.3. This dataes timked by person to secondary
data sources such as the Social Security Master BBNEF) and the National Death
Index (NDI) as described below. Analysis files arentbeeated in the form of Standard
Analysis Files (SAS), which are made available to theipaold researcher alike for

various purposes including external research, as is seevath this research study.
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Figure4.3
Transplant Data Information Flow

SRTR Information Flow @&

Analysis File Creation

Reorganization for Research
Cleaning and Validation
Analysis Variables Added

Center-Specific Analyses
: — fa =N e
OPTH i TAC
Specific o

Sources of Data: Social Security Death Master File ( SSDMF

The Social Security Death Master File (SSDMF) is aiplybavailable database
from the Social Security Administration containing 0v¥@ million records of death
reports from both beneficiaries and non-beneficialdg®. The SSDMF is cross-

referenced to determine death reporting when patientsstr®lfollow-up.

Sources of Data & Sample: National Death Index (NDI)

The National Death Index (NDI) is another seconalatabase that is utilized to

verify the completeness of death records. It haparting accuracy of 95 percent and
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therefore serves as an excellent secondary databdse@TN in terms of death
reports.
Population

The population studied were those individuals who weré hsged for a
cadaveric liver transplant starting on February 27, 20021gfrdNovember 30, 2007. In
this population, those that received a cadaveric Inagrsplant were compared with those
that continued to wait for a liver transplant exclggihose that died or were removed
from the cadaveric waiting list for reasons other ttaaaveric liver transplant which
were described above. This population of patients waeved from a de-identified data
file from UNOS of all wait listed and recipients ofdrs from deceased donors between
February 27, 2002 (MELD effect date) and November 30, 2007 (baseé®©N data as

of November 30, 2007).

Exclusions

Children (age <18 years), acute liver failure patients ¢ledsas Status 1 and
patients who had received a previous liver transplant exarieded from the population.
Children < 18 were excluded from the analysis becausedilggration for children is
based on a different acuity scale called Pediatric Eaglkd_iver Disease (PELD) .
Acute liver failure patients (Status 1) were also excludedaltiee fact that their acuity
and organ allocation is based on a different allocaatreme. Patients who had received
a previous transplant were also excluded because thehamaybeen assigned additional

acuity points to their MELD score when compared ®ghmary (or first time) liver
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transplant recipients. The population totals for badiit Vist candidates and cadaveric
liver transplant recipients can be found listed in Tdblebelow.

After exclusions for age < 18, receipt of living donor ergaate earlier than
February 27, 2002, receipt of a previous liver transplant, Is@ittransplant, Status 1
acuity level, or deceased donor emergency transpladdyedc liver transplant recipients
were identified based on database removal codes inNi@S tHatabase identifying
cadaveric liver recipients. These included codes for dededonor transplant (2, 3, &
4), transplanted at another center (14), deceased donaongan transplant (19) and
patient died during transplant procedure (21). The totabeuwf transplants performed
in years 2002 to 2007 were 33,825. The total number of trangatents in this sample
population were 17,118. The total number of wait-listed idanels studied during this
time-frame was 15,448.

Table4.1

Adult End StageLiver Disease Final Sample by Y ear
Wait List and Transplant Patients

UNOS Data

2002-2007
Table4.1
End Stage Liver
Disease Patients 2002 | 2003 | 2004 | 2005 | 2006 | 2007

n n n n n n Totals

Wait Listed
Candidates (>18y0) 1686 | 2212 | 2359 | 2504 | 2969 | 3718 15,448
Cadaveric Recipients
(>18y0) 2223 | 3034 | 3444 | 3389 | 3155 | 1873 17,118

Wait listed patients were followed until one of thedaling occurred: transplant
or wait list removal for reasons previously describetherend of the study period on

November 30, 2007. Multiple observations periods for @atient were included,
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beginning at each MELD update. Periods of inactivity, h@mewere not included in
the analysis.
Description of Variables - Dependent Variables

Time to Transplantation for Transplant Recipient8Vhile the acuity based
MELD allocation system was adopted to fulfill the femlenandate to decrease the death
rate of those awaiting transplantation and provide a&raquitable distribution of organs
nationally, there remains disparity between those wgeive an organ in regard to how
long the recipient waits for a liver and at what meegacuity they receive a transplant
(Roberts et al, 2006). Examination of time to transpléom will provide important
information regarding timely and equitable access to trarsplantation. This
dependent variable, measured as days to transplanbewiiported as a Kaplan Meier
Survival Curve in the Results, Chapter 5. This survivalyarsaprovides a framework to
study those variables that provide a hazard or risk ofglamstion. Although the
dependent variable is time to transplant, the sigmfiggormation from the analysis
becomes the hazard or risk of transplant that indivichaeEdpendent variables contribute
in the Model built.

End Stage Liver Disease (ESLD) patients who receivteansplant between
February 27, 2002 and November 30, 2007 were compared to thosepagems who
continued to wait for a cadaveric liver transplant. r&xeation of this population of
individuals in receipt of a liver transplant will providaportant information regarding
those characteristics which may provide an advantabaraer to the provision of liver
transplantation as a treatment for end stage liveades End stage liver disease patients

receiving a transplant were measured through the SRTRadatéile from the original
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transplant date (TRR_ID) item on the transplant feoipregistration form (TRR). These
patients will be compared to those ESLD patients wimntitmoe to wait for a cadaveric
liver transplant through the same SRTR database dife the original listing date
(TCR_ID).

Description of Variables — Predisposing Independent Variables

Age

As discussed in Chapter 3, the demographics of the aging poputathe United
States is reflected in the greater than 60 percenbesétlisted for transplantation
between the age of 50 and 64 years (Pomfret et al., 20018 .isTa significant departure
from the almost equal distribution of those listednia 18-49 year old category and the
50+ category.

Only three studies addressed age as in terms of cadaessplant recipient
characteristics during the current MELD allocation efalapalli and colleagues (2005)
determined that older age was a statistically signifigar@gative determinant of liver
transplant referral with a 69 percent decrease in otddeyral for every increase in 10
years of age, based on a large single-center studyddlticm Reid and colleagues (2004)
found that younger patients not only had a statisticadjgificant shorter waiting time to
transplant but the likelihood of death or being removenhfthe waiting list due to
becoming too sick was increased by 1.5 times for each detéte

On a positive note, Freeman et al (2004) reported a dedreat® of removal for
all ages due to becoming to ill for transplant or dyiiitnis may reflect a positive
outcome of the MELD scoring system of which a pringogl was to decrease mortality

on the waiting list

86



As the population of end stage liver disease patientdsages of allocation
between young and old will only become more pronounced. éruattention to
outcomes in the transplant population, particularhséhover age 60 years will be
important to research. What complicates the abilitgdcurately access these outcomes
are the donor livers utilized for the older populationte®the organs chosen are older
and even higher risk then those placed in younger retgimaking outcome
comparisons, specifically graft and patient survivals diffito interpret.

This research study described the age distribution ofthethopulation of
transplant recipients as well as transplant canelsddtiring the time frame studied. In
addition, age as a factor in time to liver transplaas examined. Continued assessment
of outcomes (patient and graft survivals as a measw#liof) will be necessary to
contribute to the allocation debate in regard to equit@isteibution of livers for
transplant, particularly since the inception of MELHowever graft and patient survival
issues post-transplant are beyond the scope of thercbsstudy. Age was measured in
this study through SRTR (2007) data derived from questionseofnrdnsplant Candidate
Registration (TCR) Forms and the Transplant Recig#ayistration (TRR) forms found
in Appendix B and C.

Race

As reported in Chapter 3, the white population continuesddqgpninate the liver
transplant waiting list, with relative unchanged patages of Asian and African
American patients, however Hispanic candidates onghadive increased significantly.
White candidates currently comprise about 72 percent divretransplant waiting list,

which is a decrease of about 5 percent over the past i€) ydale the prevalence of
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African Americans and Asian patients on the waitHas$ remained relatively constant at
5 and 7 percent respectively. The number of Hispanit¢eewaiting list has tripled
over the last ten years (Pomfret, Fryer, Sima, Lake,, & Merion, 2007) and comprises
15 percent of the current waiting list (UNOS, 2007).

Freeman and colleagues (2004) used UNOS data from a yeatopaiod
following implementation of the MELD system to det@renthat there had been an
increase in the rate of transplantation for whitdsicAn Americans and Asian
Americans. With the exception of this early studyréh®ave been no additional research
studies undertaken to address the impact of race on nagatdisting and liver
transplantation among minority populations since th@ementation of the MELD
system of organ allocation.

The current research study evaluated the raciallolision of both the population
of transplant recipients as well as transplant ichatds from the implementation of
MELD through 2007. In addition, race as a factor in tim&ver transplant was
examined. One has to wonder if African Americans maghtially have somewhat of an
advantage in this new allocation scheme, since thergieater amount of renal
insufficiency in this population and the MELD scoring systiavors renal impairment
(Reid et al, 2004). Race was identified through SRTR (200@)d#aived from
guestions on the Transplant Candidate Registration (FORNs and the Transplant
Recipient Registration (TRR) forms.

Gender
The percentage of males receiving cadaveric liver trarnspers increased from

57 percent in 1995 to 66 percent in 2004. According to Alter amebgoles (1999) this
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is likely due to the increased prevalence of Hepatitiwlich is twice as common in
males than females. Historical differences in astediver transplant by gender has
shown inconsistent results both prior to and followinglementation of the current
MELD allocation system. Historically, using data frpnevious allocation Eras 1, there
is dispute in the literature regarding the existence odgemequity with IOM data
(Gibbons et al, 2003) indicating there was no gender ithegud others maintaining a
longer wait time for women (Klassen et al, 1998), greatienbers of death on the
waiting list for women (Klassen et al, 1998), and yetghéi rate of transplantation
among women (Tuttle et al, 1997).

In the current system however, it is not disputed tlanhthmber of females wait-
listed for transplant has decreased from 44 to 40 percentfi(& et al, 2007) and that
given the newly instituted MELD scoring system thara systematic bias due to
creatinine measurement (Cholangitis et al, 2007).

This research study describes the gender distributibotbfthe population of
transplant recipients as well as transplant canelidaditiring the time frame studied. In
addition, gender as a factor in time to liver transplgas examined. Gender was
measured through SRTR (2007) data derived from questions onahgplant Candidate
Registration (TCR) Forms and the Transplant Recigiayistration (TRR) forms.
Description of Variables — Enabling Independent Variables
Education

Level of education has been addressed in the literatuegand to its impact on
socioeconomic status (Yoo et al, 2004), specifically iati@h to outcomes and the

ability to multiple list (Merion et al, 2004), an issa@dressed in Chapter 2. However,
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educational level in regard to accessing liver transplamaitt related to multiple listing
or the relation between race, socioeconomic statd®atcomes have not been studied.

This research study evaluated educational level distwibati both the population
of transplant recipients as well as transplant ickatds during the time frame studied. In
addition, educational level as a factor in time torliransplant was examined.
Educational Level was measured through SRTR (2007) datadiémra questions on
the Transplant Candidate Registration (TCR) Formslamd ransplant Recipient
Registration (TRR) forms.

Ability to Pay

As reviewed previously, ability to pay over 15 years ago waasto be a
positive predictor of transplantation. More curretili result has not been replicated.
In part, this has been due to the lack of an adequate reezHsability to pay.

There are no recent studies addressing ability to pay @sadating variable in
regard to access to transplantation. This variablemeasured through the OPTN
database and categorized as private, Medicaid (federahémmne), Medicare/other
(federal not low income and non-private). Ability to pags measured through SRTR
(2007) data derived from questions on the Transplant Caedi&gistration (TCR)
Forms and the Transplant Recipient Registration (JlieRns in the form of primary
payer status.

Geography

Issues regarding geographical distribution have been destusgreat detail in

the literature review in Chapter 2. Currently many sitmmamodels and proposals to

provide a more equitably distribute scarce numbers of oitggares been suggested.
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However, specific clarity regarding the current stataaokess to transplant over time for
the 11 geographical UNOS regions given the current MELEeBysf allocation remains
unclear. One of the objectives of this study is to addhes® questions regarding
geographical areas and access to transplantation senedabtion of the MELD acuity
model on February 27, 2002.

This research study evaluated geography (as defined by theigdaded UNOS
regions) as an independent variable in regard to aczesslaveric liver transplant. In
addition, geography as a factor in time to liver trandplas examined. Geography will
be measured through SRTR (2007) data and designated as ¢tsnenflédNOS
geographical regions. The 11 UNOS Regions are made up fiflitwing respective

U.S. states and territories:

« Region 1. Connecticut, Maine, Massachusetts, New Haingpshode Island,
Eastern Vermont

+ Region 2: Delaware, District of Columbia, Maryland, Nésvsey, Pennsylvania,
West Virginia, Northern Virginia

+ Region 3: Alabama, Arkansas, Florida, Georgia, Louisiktississippi, Puerto
Rico

« Region 4: Oklahoma, Texas

« Region 5: Arizona, California, Nevada, New Mexico, ita

« Region 6: Alaska, Hawaii, Idaho, Montana, Oregon, Wasbaingt

+ Region 7: lllinois, Minnesota, North Dakota, South Dak&Visconsin

« Region 8: Colorado, lowa, Kansas, Missouri, Nebragkaming

+ Region 9: New York, Western Vermont

« Region 10: Indiana, Michigan, Ohio

+ Region 11: Kentucky, North Carolina, South Carolina, Tesee, Virginia

Description of Variables — Need Independent Variables

MELD

Assigning a numerical value to acuity is the intenthefMELD score and hence
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an excellent example of measured acuity. The godlEdfD utilization is to transplant
the most acutely ill patient under the assumption thentleasure is the most objective
measure of need within the population of liver failureqras.

Differences in transplant outcomes have been repsimeéd the adoption of the
MELD acuity system. These conflicting outcomes Haeen attributed to data analysis
utilizing one-time MELD measurement at time of listirgysus changing MELD scores
through the wait list time period (Gibbons, 2000 and 2004).igdifeance to this study
of access and allocation is the MELD score at transpwhich is likely to be different
than the MELD score at listing. For the purposesisfdtudy, MELD scores for all
transplanted and waitlisted patients from the timestih until transplant outcome or
end of study were analyzed, in other words MELD will leated as a time-varying
covariate or one in which the values of the covacatange over time. The MELD
scores described are calculated variables derived frel@®TN database and reported
by way of descriptive statistics. Analysis of othermsd independent variables will be
reported while controlling for MELD.
Blood Type

In calendar year 2005 approximately 45 percent of recipiegts lood type O,
38 percent were blood type A, 12 percent were blood tyae®5 percent were blood
type AB. This distribution has been constant ovemptst several years and reflects the
population distribution of blood types (UNOS database, 20BIod type was evaluated
as a need variable measured through SRTR (2007) data derireduestions on the
Transplant Candidate Registration (TCR) Form and thesplant Recipient Registration

(TRR) form in the form of blood type.
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Height and Weight

The size as measured by the height and weight of andodl may influence the
allocation of cadaveric livers for transplantation pwg® Durand and Valva (2005)
assert that there is a problem with MELD’s creatinireasurement in that an elevated
level may not always indicate worsening renal functidn.individual with a higher
body mass index (a calculated function of an individuadgiht and weight) will, by
virtue of their size, have a higher creatinine. Elevatedtinine, and subsequently, a
higher MELD score. Since livers are allocated by ganfitiliness, measured by the
MELD score, those individuals with higher MELDs due tarammeased creatinine
because of a higher BMI may have a distinct advantagetioose with a lower BMI.
Patient size will be measured through SRTR (2007) data bypsr& a patient’s height
and weight which are derived from TCR and TRR Forms pusiyodescribed
Etiology of Liver Disease

Etiology of chronic liver disease may also influenceeasdime to liver
transplant, especially in regard to hepatocellular caitt€C), given the automatic
allocation of MELD scores 20 and 24 depending on specifi€ idiagnostic phase.
Etiology of liver disease will be measured through SRAIB07) data derived from TCR

forms in the category of etiology.

Period
In an effort to determine the impact of the impleraéioh of the MELD 15 share
rule on January 12, 2005, a dichotomized variable “period”ongated to evaluate the

impact this change may or may not have had on accesetarknsplantation. Period
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was delineated as 0 if the event being measured was@dantary 12, 2005 and period

was delineated as 1 if the event being measures wasafteodanuary 12, 2005.

RESEARCH DESIGN

Data Analysis

Data from the Organ Procurement Transplant NetwoRKI(Q) via the Scientific
Registry of Transplant Recipients (SRTR) was olet@inlt was comprised of a de-
identified data set of 193 variables for all listed and livaénsplant recipients from 1988
through November 30, 2007. Construction of a database aithbles as described
above occurred. A final working database was compiledSAS data file in order to
allow for the appropriate statistical measurementataas cleaned and codes were
labeled as detailed in the SRTR code book provided by thé&NOBEe Table 4.2 below

for a complete list and definition of variables studied.

94



Table 4.2 Definition of Independent Variables

Variables

Definitions

Code/Method of Collapse,
recoding, etc

Age (Predisposing)

Chronological age at time of
listing

INIT_AGE; continuous variable
collapsed into 5 categories: 18-
30(ref), 31-45, 46-60, 61-75,76H

Height (Need)

Height in cm at listing

INIT_HGT_CM; continuous
variable collapsed to 4 categorigs,
lowest as ref

Weight (Need)

Weight in kg at listing

INIT_WT_KG; continuous
variable collapsed to 4 categorigs,
lowest as ref

Gender (Predisposing)

Male or female

Dichotomous variable coded 1
for male and O for female

Race (Predisposing)

Background individual most
identifies with

8 options collapsed into 5
categories: White (ref), Black,
Hispanic, and Asian/other

Educational Level (Enabling)

Highest level of education
obtained

Edlevel; 8 options collapsed into|
4 categories: <high school, high
school (ref), collage and tech
school, graduate , other

Payment Source (Enabling)

Method of insurance paymen

PRIPAY: 12 options collapsed
into private (ref), Medicaid,
Medicare/other public

ABO (Need)

Blood Type

NewABO; 8 options collapsed t
A, B, AB, O (ref)

O

Geographical Region (Need)

US Federally designated org4g
allocation regions

wrRegions: 1, 2 (ref),

3,4,5,6,7,8,9,10,11

Diagnosis (Need)

Etiology of Liver Disease

DX; 69 options collapsed into 6
categories: Hepatitis (ref),
alcohol related, biliary related,
metabolic disease, hepatocellula
carcinoma (HCC), cirrhosis/other

=

MELD (Need)

Model for End State Liver
Disease quantifying acuity of
illness in regard to liver disease

MELD; analyzed as both a
continuous variable as well as a
categorical variable: MELD 1
(<15), MELD 2 (16-22), MELD 3
(23-40)

Period Pre 1/12/05 and on or after Period; dichotomous variable
1/12/05 coded 1 for time > or = 1/12/05
and 0 for time < 1/12/05
Data M anagement

Linking Data Sources

Linking of the data sources from the Social Securitgtbdlaster File (SSDMF) as

well as the National Death Index (NDI) is done prtte researcher obtaining data

from UNOS.
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Research Aim #1. Describe those who have received a liver transjbetnteen 2002
and 2007 compared with those that did not receive a trangplang this time period for

the entire group as well as the 11 separate UNOS Regions.

Data Analysisfor Research Aim #1.:

Descriptive Statistics
Descriptive statistics were utilized to describe the stadhrt of individuals who

received a liver transplant between 2002 and 2007 and thasbdimot receive a
transplant during this time period (excluding those that dretvere removed from the
wait-list for other reasons other than transplantti@he following variables were
examined with Chi squareage, gender, race, weight, height, educational leviedapy
payer source, geography by UNOS region, consecutive MEbE2sC etiology of
disease and blood type and body mass index (BMI), haightveight. All data analysis
will be reported in Chapter 5 in raw numbers and pergestéor this exploratory data.
Analysis began with simple univariate statistics includmean and median and
ranges, evaluating frequency distribution of predictoiatdes. Since some of the results
might be skewed, or otherwise abnormally distributechjgiht have been necessary to
perform log transformations in order to perform a bditerThis was not the case.
Variables of interest were chosen based on their pakém inform the research

guestion and based on theoretical understanding and lieeratiew.

Research Aim #2: How has the implementation of the Share 15 Rule img&otes to

transplantation for MELD acuity levels > or = 15tlb@mong the entire population of

individuals studied as well as within each of the 11 UNQf®res.
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Data Analysisfor Research Aim #2:

Cox Regression

In an effort to address the impact of the Share 15 iygéemented in January 2005
two models were run, one testing the impact of theeSharRule on the entire population
of wait listed patients/transplanted patients and arskomdel testing for this impact
within each of the 11 UNOS regions. Model 1 used a dichoasrMELD predictor
(MELD 15 =1 if MELD > or = 15 or MELD 15 =0 if MELD <15. Téias considered a
time-varying covariate, a covariate whose value may oger time. In addition, Period
was a dichotomous time varying covariate with Periodftl date was before 1/2005
or Period = 1 if the date is after 1/2005 (which is reprtesize of the date of
implementation of the MELD 15 rule). Model 2 addressed BMEL by Region for all 11
UNOS Regions with determination of significant varialde well as predictors of

transplant among regions.

Research Aim #3Examine the factors associated with time to liver pkam including
those predisposing, enabling, need variables and geography witilellarg for time
period both before and after the implementation ofsihare 15 Rule. Examine these

factors across 11 geographical UNOS regions as well.

Data Analysisfor Research Aim #3:

Cox Regression
These variables were assessed in a multivariate nmda$$ociation with time to

transplant, using Cox proportional hazard analysis. Eatbr as a predictor of

transplant and ultimately time to transplant was coegbavith all other factors and then
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individually compared to eliminate the influence of the djpcomposition of the
cohort. The key advantage to the Cox Model is thaetiseno specific survival model
assumed and therefore covariate-adjusted mortalitydsgt\wubgroups could be
compared.

The Cox Model makes three specific assumptions. Tsieidithat the ratio of the
hazard of two individuals is the same at all times. Theaalled the proportional hazard
assumption. The second is that the explanatorydep®ndent variables act
multiplicatively on the hazard. The third is that indival results are independent of
each other.

In this study, Cox regression was used to investigateftéet of the previously
described variables upon the time to transplantationmceShe method does not assume
any specific model, it is truly considered non-paramégicause it assumes the effects of
the predictor variables are constant over time and iaedit nature.

While the Cox Regression analysis provides an exceltehsaperior survival
analysis, errors may still occur. Therefore postasgjon analysis tests were performed
to examine the fit of the data. Several goodness sfrétegies for the Cox model have
been developed. With consultation from a statistjaiktermination of the most
appropriate goodness of fit tests were made. Testshksdy Cox himself (1972), or
Gil and Schumacher (1987) or Schoenfield (1980) were choseapgtied to the data
results as appropriate.

The aim of this statistical analysis was to conducba Regression Model for the
hazard of transplantation at time t (a defined stagaigt, in this case at the point of

wait listing):
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Cox Regression:
At) =ho)exp (BuX 1+ P2Xo oo tPrTXi)
=ho(t)exp (BiX period+ B2X predisposing + P 3Xenabling + BaX need
+ B sXgeography)
=L o(t)exp (f(X))
where each componeni >and the risk score function f(X) is a linear combinaid X =
more formally understood as the hazard at time t (ael&fstarting point which for the
purposes of this study will be at the time of walit ligjin

The estimation of the b coefficients and the underlyirgatchand Cox regression
model being somewhat complex, the statistical and cortpodéhdetails were
undertaken in consultation with a statistician utilizihg SAS statistical package.

The overall significance of the model will be illetted by the expression of the
“maximum likelihood estimates” which are the estimatecpeters (the underlying
hazard and the coefficients) of the Cox model. érthultivariate model period was a
dichotomous time-varying covariate with period = O fortiprior to 1/12/05 and period
=1 for time on or after 1/12/05. In addition to this oveCalx Model, individual
multivariate analyses for each of the 11 UNOS regw&® run as well in order to
identify significant variables predicting liver transgldny region with identification of
hazards per variable.

Although the system of cadaveric liver allocation isdzhon an acuity based
model (MELD) prioritizing the sickest person first, \&bies such as race, gender and

geographical region have not been evaluated in regare ttitribution each makes to
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obtaining or limiting access to this scare resource. dheModel offers an excellent
means by which to evaluate the effect of all of thoselipposing, enabling and need
variables that Anderson outlines. Two sets of regvassivere run. The first Cox Model
was constructed to evaluate the impact of the impleastientof the MELD Share 15 rule
both nationally and regionally. The second model rspezifically addressed those
multiple variables that may contribute to the hazdid/er transplant both from a
national and regional perspective taking into accounttianges in the allocation

process that occurred mid-way through the study period.
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Chapter 5
Results

Utilizing data from the United Network for Organ SharindN@S) and survival
analysis techniques, this study examines the rates otdamsplant and factors contributing
to these rates of transplant. The population studasithat of all adults in the United States
listed for non-urgent liver transplant as well as thake received cadaveric liver transplants
between February 27, 2002 and November 20, 2007, excluding thegtiens previously
noted. This analysis is framed by Anderson’s Behavioraléfiby exploring factors that
may contribute to or explain differences in accedwéo transplantation at the time of organ
allocation. These factors are organized and presestitdse predisposing, enabling and
need variables that Anderson has defined and have beeoysigwdescribed in Chapter 2.

Researchers studying access to liver transplantatitwe goint of transplantation
have found differing results in regard to influencing fagto8ome of these differences
can be attributed to varying data time frames, differemt@rgan allocation schemes
and/or different statistical methods utilized. This gsiglwill address access to liver
transplant post-MELD implementation (after FebruaryZ)2), extending the
knowledge of the impact these factors have on liveisplantation access during the
current liver allocation system.

The intent of this chapter is to present the findingmfthe data analyses discussed
in Chapter 4. The results of Aim 1 will describe atiga who received a liver transplant
between 2002 and 2007 compared with those who continue tcowaitiver transplant
during this same period. In addition, Aim 2 will determiogvithe implementation of

the Share 15 Rule impacted time to transplantationciaityalevels > or = 15. And
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finally, Aim 3 will present a multivariate analysis thbbse factors affecting hazard of
transplant over the timeframe studied both from @nat and regional perspective.
Following the presentation of the descriptive staBSstor the entire sample
population there will be a description of the dependenabbei‘time to
transplant”/hazard of transplant and presentatio&pfan Meier Survival Curves for
time to transplant for both the entire population andralggiregion. The multivariate
Cox regression analysis used to describe the policgtaffeahe MELD 15 Share Rule
will be presented. Secondly, results from Cox’s Prigoal Hazard Model analyzing
the factors affecting liver transplantation accesshbystudy population are presented. A
second set of Cox regression multivariate models fan e&the 11 UNOS regions is
presented. The chapter will be completed by a sumnfahgstudy findings.

Discussion of the findings and limitations to the studylva presented in Chapter 6.

Basdline Characteristics of the Study Population

Baseline characteristics of the entire study populdtttowed by specific
characteristics by region will be presented for thadésiduals who received a liver
transplant between February 27, 2002 and November 30, 2007] as welse who did not
receive a transplant during this same timeframe. Tabl@resents the basic descriptive
characteristics of those categorical variables af ¢htire population of patients and Table
5.2 represents the descriptive statistics for the iwoaotis variables for the same group.

Demographics will be presented in terms of those predisposnabling and need
variables described by Anderson (1995) as either predictiagpdaining usage of health

services. In this particular study the intent is tonidg and determine the impact these
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variables have on access to liver transplantation.
Research Aim 1

The first aim of the study was to describe the studpraif individuals who received a
liver transplant between February 27, 2002 and November 30, 20l as those who did
not receive a transplant during this same timeframéleTal presents the basic descriptive
characteristics of those categorical variables af plipulation for the entire group of patients
and Table 5.2 presents the descriptive statistics faxadhgnuous variables of this same
group.

In terms of the entire group’s demographics, males condpé@eercent of the
transplanted group which was predominantly white (76 perdegtt)een the ages of 46-60
(62 percent), high school educated (37 percent) and covered/atepnsurance (61
percent). The greatest percentage of those transpleabtee from UNOS Region 3 (18
percent) and the most common etiology of diseasecind®sis/other (54 percent), with the
most common blood type being O (43 percent) and most frdguearisplanted with a
MELD score >23 (48 percent).

Comparing these transplanted patients with those timinced to wait for a liver
during this same timeframe, the descriptive statistiesatustatistically different at @ value
<.0001with the exception of primary payment which still hastatistically significanp
value of .0009 Those that continued to wait for a liver were predontigavhite (72
percent), male (62 percent), between the ages of 46-60 (&hpempredominantly high
school educated (34 percent) with private insurance (62 perceEm)highest percentage
were from UNOS Region 5 (25 percent), diagnosed withagis/other (59 percent) of blood

type O (49 percent) with a MELD score between 6 and 14 (S&pr
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Table5.1
Characteristics by Transplant Outcome

for Categorical Variables

UNOS Data
2002-2007
(N = 32,566)
Not
Characteristics Transplanted | Transplanted p value
N=17,118 N=15,448
n (%) n (%)
Predisposing
Gender <.0001
Male 11,748 (69) 9,548 (62)
Female 5,370 (31) 5,900 (38)
17,118 15,448
Race <.0001
White 13,029 (76) 11,052 (72)
African American 1,479 (9) 974 (6)
Hispanic 2,001 (12) 2,654 (17)
Asian/Other 609 (3) 767 (5)
17,118 15,447
AgeGroup <.0001
18-30 518 (3) 404 (3)
31-45 2,874 (17) 2298 (15)
46-60 10,598 (62) 9850 (64)
61-75 3,115 (18) 2880 (18)
76+ 13 (<1) 16 (<1)
17,118 15,448
Enabling
Education <.0001
<High school 605 (4) 731 (5)
High school 6,390 (37) 5,236 (34)
College or Tech 4,514 (26) 4,182 (27)
Graduate School 795 (5) 664 (4)
Not Reported 4,814 (28) 4,635 (30)
17,118 15,448
Primary Payer .0014
Private 9,779 (61) 9,346 (62)
Medicaid 2,498 (16) 2,393 (16)
Medicaid/public | 3,744 (23) 3,244 (22)
16,021 14,983
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Characteristics Transplanted | Not p value
N=17,118 Transplanted
n (%) N=15,448
n (%)
Region <.0001
1 440 (3) 616 (4)
2 2,227 (13) 2,370 (15)
3 3,031 (18) 1,190 (8)
4 1,745 (10) 1,679 (11)
5 2,003 (12) 3,823 (25)
6 587 (3) 361 (2)
7 1,542 (9) 1,373 (9)
8 1,081 (6) 725 (5)
9 1,248 (7) 1,710 (11)
10 1,660 (10) 664 (4)
11 1,554 (9) 937 (6)
17,118 15,448
Need Variables
Diagnoses <.0001
Hepatitis 648 (4) 536 (3)
Alcohol 4,271 (28) 3,698 (26)
Biliary 1,709 (11) 1,297 (9)
Metabolic 379 (2) 195 (2)
HCC 207 (1) 176 (1)
Cirrhosis/Other 8,571 (54) 8,297 (59)
15,785 14,199
MELD <.0001
6-14 2,138 (13) 8,942 (58)
16-23 6,718 (9) 3,840 (25)
>23 8,229 (48) 2,666 (17)
17,085 15,448
Blood Type <.0001
A 6,522 (38) 5,813 (38)
AB 982 (6) 349 (2)
B 2,236 (13) 1,673 (11)
O 7,378 (43) 7,613 (49)
17,118 15,448

N=sample size, n=number of observations

105




Table 5.2 illustrates the descriptive statistics of thatinuous predictors studied.
The average age for the transplanted group was 52.12 versusds2h&non-
transplanted group. The mean height for the transgdagroup was 172.77cm versus
170.96cm in the non-transplanted group. The mean MELD $apotlee transplanted

group 19.98 and for the non-transplant group was 14.20.

Table5.2
Characteristics by Transplant Outcome
for Continuous Variables

UNOS Data
2002-2007
(N = 32,566)
Variable | Censor N Mean sb Median Min- M ax Mann-
Whitney
p value
Age Transplanted 17118 | 52.12 | 9.51 | 52.00 18.00 | 83.00 | <.0001

Non-transplant | 15448 | 52.76 | 9.25 | 53.00 18.00 | 80.00

Height Transplanted 17039 | 172.77| 10.07 | 172.72 | 142.20 | 225.00 | <.0001
Non-transplant | 15357 | 170.96 | 10.38 | 170.18 | 142.24 | 223.52

Weight | Transplanted 17072 | 85.67 | 19.47 | 83.92 41.00 | 200.00 | <.0001
Non-transplant | 15394 | 83.88 | 19.67 | 81.65 41.19 | 199.58

Descriptive statistics were also obtained for eadh@fl1 UNOS Regions and
showed wide variation by region with statisticallyrsfgcant differences among all
measured variables. See Appendix D for complete desergpdif these categorical and
continuous variables.

Evaluation of the MELD Share 15 Rule:

As described in Chapter 3, the current policy regardingiibeation of livers for

transplant purposes evolved from a more subjective meabsuezd in conjunction with

time-waiting to the current MELD acuity based systemrlykan in the MELD Era of

106



allocation, it was recognized that this acuity scale,wafact, being used to list patients
but that many regions were still utilizing organs for pasevith much lower MELD
scores in areas adjacent to centers with patientswgavho had much higher MELD
scores. Hence the evaluation and development of EHEDMLS Share Rule in January
2005 that required regional distribution of organs to thadeam MELD Score of > or
=15 prior to the allocation of organs to patients locallyh MELD scores <15.
Although it was perceived that this would certainly provideae equitable distribution
of organs, documentation of the impact of this policgrgye on a regional basis was
found to be missing from the literature. Therefomn® 2 below and the evaluation of
the MELD 15 rule was undertaken in order to determine tpactof this policy change
on the allocation of livers, particularly for thoséwhigher acuity levels, both nationally

and by region.

Research Aim #2:

Determine how the implementation of the MELD Shard&iLfe in January 2005
impacted the hazard of transplantation for MELD acl@tsels > or = 15. Descriptive
statistics were reviewed for MELD levels pre and postpamplementation. The
transplant group studied included 17,085 patients and the nonfastngpup included
15,448 patients. The mean MELD score for transplanpiesis pre-2005 was 19.80
with a standard deviation of 8.15 and a median of 18.00. Ela@ MELD score for
recipients post-2005 was 20.10 with a standard deviation of 8Thése values were
not statistically different with g value of .0064. (See Table 5.3 below).

The mean MELD score for non-transplant recipiengs3905 was 18.84 with a
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standard deviation of 9.59 and a median of 16.00. The meaMEdre for non-

transplant recipients post-2005 was 13.41 with a standardtaevof 5.99 . Unlike the

transplant group, these descriptive statistics fronmtmetransplant group were

statistically significantly different with p value of <.0001. (See Table 5.4 below).

Table5.3

MELD Descriptive Statistics
Periods Pre-2005 and Post-2005
Transplant Group

(N =17,085)
Variable | Censor N Mean | SD | Median (Cl) Min | Max | Mann-
Whitney
p value
MELD Pre-2005 | 6,927 | 19.80 | 8.15| 18.00 (18.00-18.00) 6.00 | 60.00| .0064
2005 on 10,158| 20.10 | 8.14| 18.00 (18.00-18.00) 6.00| 61.00
Table5.4
MELD Descriptive Statistics
Periods Pre-2005 and Post-2005
Non-Transplant Group
(N =15,448)
Variable | Censor N Mean | SD | Median (Cl) Min | Max | Mann-
Whitney
p value
MELD Pre-2005| 2,247 | 18.84 | 9.59| 16.00(16.00-17.00) 6.00 | 55.00| <.0001
20050n | 15,448 | 13.41 | 5.99| 12.00 (12.00-1200) 6.00 | 61.00

In an effort to address the impact of the Share 15 iyéemented in January 2005

two Cox Models were run; one testing the impact of the&h5 Rule on the entire

population of wait listed patients/transplanted patieand;a second model testing for

this impact within each of the 11 UNOS regions.
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Model 1 used a dichotomous MELD predictor (MELD 15 =1 if ME:Dr = 15 or
MELD 15 =0 if MELD <15). This was considered a time-vagycovariate. A time-
varying covariate is a covariate that will change oweet In this case MELD, which
changes over the course of patients listing time nsidered a time-varying covariate,
also referred to as a time-dependent covariate.

In addition, Period was a dichotomous covariate wittiolle= O if the date was
before 1/2005 or Period = 1 if the date is after 1/2005 (whiodpiesentative of the date
of implementation of the MELD 15 rule). Model 2 addredg&d D15 by Region for all
11 UNOS Regions in the same way as Model 1, testinthéohazard ratio of MELD >
or = 15 both pre and post MELD 15 implementation.

The overall hazard indicated that the likelihood ohgdransplanted with MELD
>=15 doubled after January 2005 with a risk of transplantMihD >= 15 at a hazard
of 7.306 pre MELD 15 Rule implementation increasing to ardaai14.66 after
January 2005. In other words the risk of transplant witE&D > or = almost doubled
from prior to the implementation of the MELD Share Qe ron January 12, 2005 when
compared to the period beginning on January 12, 2005. THissisated in Figure 5.1

below.
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Figure5.1
Transplant Hazard Ratio with MELD >= 15
UNOS Data 2002-2007
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Model 2, testing for a difference in effect of the MELD Share Rule in all 11
UNOS regions also showed statistical significance.s @hata is listed in Table 5.5 below
and illustrated in Figure 5.2 as well. It appears thagthatest effects of change in
MELD 15 policy is for regions 2, 3, 4, 5, 6, 8 and 11 compared 7acahd 10 where the
hazard ratio was stable after the Meld 15 rule impleatemt. This data illustrates

significant impact of policy implementation that vk further discussed in Chapter 6.
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Table5.5

Hazard Rates by Region for MELD >= 15 both Pre and

Post Implementation of Share 15 Rulefor Liver
Allocation (January 2005)

Region Hazard Ratio Hazard Ratio p value

MELD >or =15 | MELD >or=15

Pre-2005 Post-2005
Region 1 15.86 24 .2470
Region 2 5.38 11.36 <.0001
Region 3 4.01 10.47 <.0001
Region 4 12.97 30.87 <.0001
Region 5 9.68 27.67 <.0001
Region 6 13.32 28.94 0.0098
Region 7 10.01 13.26 0.0868
Region 8 9.32 26.02 <.0001
Region 9 12.09 10.10 0.2733
Region 10 4.40 6.02 0.0041
Region 11 10.31 23.08 <.0001
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Figure5.2
Hazard Rates by Region for MELD >= 15 both Pre and
35 Post Implementation of Share 15 Rulefor Liver
Allocation (January 2005)
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There was a significant difference in hazard of traargpboth nationally and
regionally with the implementation of the MELD 15 $&haule on January 12, 2005 with
a significant increase in MELD score in most regifimghose transplanted. Therefore,
in order to address Aim 3 it is important to controlgeriod to take into account these
differences. Introduction of the dichotomous varigi@eiod into the multivariate

analysis will be utilized to accomplish this and is dieésal further below.
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Timeto Transplant for the Study Population
Research Aim 3:

The third aim of the study was to examine the factae@ated with time to
liver transplant/hazard of transplant between 2002 and 20€ldding those
predisposing, enabling, and need variables defined by Anderson .(l183&der to do
this we used a survival analysis as the statistical techiogaiealyze time to
transplantation, the study’s dependent variable. Tintetsplant is of interest from
both a national as well as a region perspectivemaoely to define the time-waiting
period for those that receive a transplant but to uraletghe factors that contribute to
the risk of receiving a transplant as well as thostfa¢hat prolong or perhaps provide

barriers to the transplant event occurring.

Survival Analysis

The first step in the process of addressing Aim 3 wasra@ survival analysis of
time to transplant for the entire group. Table 5.6aephe data illustrating the patients
at risk of transplant at 60 day intervals. This is inatlitethese results, in part, to verify
that the right end of the survival curve is not basedrdy a handful of observations. In
addition, Figure 5.3 depicts the survival probability of relogia liver transplant by

Kaplan Meier Method.
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Table5.6
Patientsat Risk of Transplant at 60 Day Intervals

UNQOS Data
2002-2007
Day | Number| Day | Number| Day | Number| Day | Number| Day | Number
at Risk at Risk at Risk at Risk at Risk

0 32,566 | 420 9,128 840 4,570 12602,210 | 1680 770
60 | 21,094| 480 8,259 900 4,155 13201,954 | 1740 621
120 | 17,267 54Q 7,457, 96p 3,785 138,717 | 1800 511
180 | 14,757 60Q 6,730] 10203,418 | 1440 1,523 | 1860, 380
240| 12,881 66Q 6,095 10803,106 | 1500 1,310 | 1920 275
300 | 11,364| 72Q 5,581 11402,772 | 1560 1,102 | 1980 187
360 | 10,205| 78Q 5,073 12002,511 | 1620 929 2040, 68
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The median waiting time by Kaplan Meier is 324 days wifb percent

confidence interval of 307 to 342 days.

Timeto Transplant for the Study Population by Region

Survival Analysis by Region

Kaplan Meier survival analyses were also performed segpafar all 11 UNOS

Regions. Descriptive statistics for the time to tpdanst for all Regions can be seen

below in Table 5.7. Mean time to transplant by regamged from 103.03 days in

Region 3 to 209.73 days in Region 1. Figure 5.4 below iliestithe Kaplan Meier

survival curves of the probability of receiving a liver tyalasit in each of the 11 UNOS

Regions.
Table5.7
Descriptive Statisticson Timeto Transplant by Region
UNOS Data
2002-2007
Regi on N Mean SD Medi an Cl (Lower/ Upper) Mn Max P- Val ue
1 440 209. 73 283. 38 103. 50 80. 00/ 126. 00 2.00 1850.00 <. 0001
2 2227 150. 36 234. 36 58. 00 53. 00/ 63. 00 1.00 1832.00
3 3031 103. 03 180. 53 37.00 34. 00/ 40. 00 1.00 2020.00
4 1745 164. 34 245. 65 59. 00 50. 00/ 70. 00 1.00 1695.00
5 2003 207.50 291. 24 83. 00 73.00/93. 00 1.00 1869.00
6 587 194. 04 281. 20 73.00 63. 00/ 94. 00 1.00 1640.00
7 1542 158. 65 257. 05 53. 00 46. 00/ 61. 00 1.00 2071.00
8 1081 172. 57 255. 66 70. 00 62. 00/ 81. 00 1.00 1581.00
9 1248 163. 75 266. 48 47.50 42. 00/ 55. 00 1.00 1802.00
10 1660 126. 31 203. 07 44. 00 39. 00/ 51. 00 1.00 1740.00
11 1554 180. 12 277. 89 65. 00 57.00/73. 00 2.00 1823.00
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Kaplan—Meler Plots by Region
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Factors Affecting Time to Transplant

The third aim of this research study was to examindsaitters associated with
time to transplant, which, in actuality, is an exptaraof these survival curves.
Proceeding to address these factors that contributartspiant occurring, the conceptual
framework of Anderson’s Behavioral Model will be used. &exchypothesized to affect
transplant are organized into three categories: Higpesing, 2) enabling and 3) need.
The results of analyzing the influence of these factarthe hazard rate of
transplantation by the study population will be presemtehis order as well.
In evaluating these potential predictor variables ingartant to evaluate the dataset for
missing data within each measured variable. The progréimedtio run the multivariate
analysis used list-wise deletion to insure that thosabas with missing data be
eliminated from the analysis. This means that thasges with missing data for a
variable will be eliminated from the analysis resultingn analysis with complete data
for all variables. This effectively decreased the nunibéhe dataset to 28,651 including
14,707 for the transplant group and 13,944 for the individualscehbnued to wait for a
liver transplant. Table 5.8 below shows the descriftigéstics for the categorical
variables to be used in the Multivariate Analysis addngsaim 3. Table 5.9 below

shows the descriptive statistics for the continuoumlitis in this same sample.



Table5.8
Descriptive Statistics for Categorical Variables
Final Multivariate Cox Regression Model
UNOS Data: 2002-2007

N=28,651
Characteristics Transplanted Not Transplanted p value
N=14,707 N=13,944
Predisposing n (%) n (%)
Gender <.0001
Male 10,161 (69.1) 8,686 (62.3)
Female 4,546 (30.9) 5,258 (37.7)
14,707 13,944
Race <.0001
White 11,144 (75.8) 9,993 (71.7)
African American 1,282 (8.7) 841 (6.0)
Hispanic 1,770 (12) 2,446 (17.5)
Asian/Other 511 (3.5) 664 (4.8)
14,707 13,944
Enabling
Primary Payer .0027
Private 8,976 (61) 8,715 (62.5)
Medicaid 2,321 (15.8) 2,221 (15.9)
Medicaid/public 3,410 (23.2) 3,008 (21.6)
14,707 13,944
Region <.0001
1 383 (2.6) 574 (4.1)
2 1,647 (11.2) 2,010 (14.4)
3 2,757 (18.7) 1,104 (7.9)
4 1,434 (9.8) 1,544 (11.1)
5 1,771 (12.0) 3,593 (25.8)
6 561 (3.8) 351 (2.5)
7 1,351 (9.2) 1,199 (8.6)
8 1,018 (6.9) 706 (5.1)
9 945 (6.4) 1,391 (10.0)
10 1,480 (10.1) 620 (4.4)
11 1,360 (9.2) 852 (6.1)
14,707 13,944
Need Variables
Diagnhoses <.0001
Hepatitis 615 (4.2) 528 (3.8)
Alcohol 4,057 (27.6) 3,652 (26.2)
Biliary 1,541 (10.5) 1,257 (9.0)
Metabolic 356 (2.4) 189 (1.4)
HCC 188 (1.3) 172 (1.2)
Cirrhosis +Other 7,950 (54.1) 8,146 (58.4)
14,707 13,944
Blood Type <.0001
A 5,609 (38.1) 5,216 (37.4)
AB 1,967 (13.4) 1,493 (10.7)
B 851 (5.8) 308 (2.2)
O] 6,280 (42.7) 6,927 (49.7)
14,707 13,944

N=sample size, n=number of observations
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Tableb5.9
Descriptive Statistics for Continuous Variables
Final Multivariate Cox Regression Model
UNOS Data: 2002-2007

N=28,651
Variable | Censor N Mean SD Median | Min- M ax Mann-
Whitney
p value
Age Transplanted 14707 | 52.14 | 9.39 | 52.00 18.00 | 83.00 | <.0001

Non-transplant | 13944 | 52.77 | 9.08 | 53.00 18.00 | 80.00

Height Transplanted 14707 | 172.85| 10.05 | 172.72 | 142.20 | 225.00 | <.0001
Non-transplant | 13944 | 171.04 | 10.38 | 170.18 | 142.24 | 223.52

Weight | Transplanted 14707 | 85.68 | 19.39 | 83.92 41.00 | 200.00 | <.0001
Non-transplant | 13944 | 84.03 | 19.60 | 81.65 41.19 | 199.58

In order to examine the factors associated with lhaargplant access a widely
used multivariate statistical model for survival data used called the Cox Proportional
Hazards Model. This model is based on a hazard fundtaing closely related to the
survival curve and can therefore explain the Kaplan M&ierival curves previously
presented. The dependent variable is the hazard of lahgp a given time, in this case
the hazard of liver transplant. And the independenalitas are the variables thought to
explain the variation in hazard.

There are two important assumptions of the Cox PrapatiHazards Model.
The first is the proportional hazards assumption wisichat the effects of different
variables on survival (or hazard) are constant over. tififtee second assumption is that
the effects of different variables are additive (Ciocth 2002). Generally a univariate
analysis is performed initially to determine which potentaiables, drawn from

theoretical knowledge and the literature, have sigmtiean and of themselves. The
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proportional hazards assumption can be testing in theuwatie analysis and if violated,
further diagnostics can be utilized to correct for this.

A univariate Cox regression analysis of the predisgo®nabling and need
variables described was run. The univariate model showedltipsedictors were
statistically significant. Significant predictors ofdr transplant in the univariate model
were the predisposing variables: gender, race, and agmahbeng variables:
educational level, primary payer and region; and the nedables: height, weight,
diagnosis, blood type and MELD.

Problematic, however, were that the variables raegght, educational level,
primary payer, region and diagnosis all showed violatajrike proportional hazard
assumption. As a precautionary measure and to addrga®fwetional hazard
assumption violations found in the univariate analysmpéivariate model was run to
test for the proportional hazard assumption by lookingtatactions between region and
time (RegionTime), race and time (RaceTime), prinmayer and time
(PriPaymentTime), educational level and time (EdLevel}jmeight and time
(WtTime) and diagnosis and time (DxTime). Resultsii@se proportional hazard time
trend tests can be seen below in Table 5.10 below.

Those variables that failed the time trend test, aitthg a continued proportional
hazard violation, include region, educational level anijlate Race, primary payer and
diagnosis did not violate the time trend test of tlepprtional hazard assumption in this
multivariate model. Educational level was excluded frbenfinal analysis due to the

fact that 29% of responses were categorized as unknowroalddnot, by an reasonable

121



assumptions be assigned to another category. Weighteteased as a variable as well as
region, since these variables were considered essentiad research question at hand.
Table5.10

Multivariate M odel Resultsof Time Trend Test
for Proportional Hazard Assumption Violation

Effect DF | Wald Pr >

(Variable Name) Chi- Chiq
Square

Region and Time 1 15.4269 <.0001*

(RegionTime)

Race and Time 1 2.0735 0.1499

(RaceTime)

Primary Payer and 1 1.6544 0.1984

Time

(PriPaymentTime)

Educational Level and| 1 78.8506 <.0001*
Time (EdLevelTime)

Weight and Time 1 11.3770 0.0007*
(WeightTime)

Diagnosis and Time |1 0.7572 0.3842
(DXTime)

Region and Time 1 3.8787 0.0489

(RegionTime)
*denotes Proportional Hazard Assumption Violation

With diagnostics complete for testing the proportidrazards assumption and
variables chosen, the final multivariate Cox regresammalysis was run. Given the effect
of the implementation of the MELD 15 Share rule seeAim 2, a dichotomous period
variable was also added to the MV analysis. Variabldaded the predisposing
variables: gender, race, and age; enabling variables: rgnpager and region; and need
variables: diagnosis, height, weight, blood type and Bitore.

The results of the Multivariate Cox regression facéss to Liver Transplant can

be seen below in Table 5.11.
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Table5.11
Multivariate Cox M odel of Accessto Liver Transplant

UNOS Data: 2002-2007
Variable Parameter Estimates Standard Error Hazard Ratio(Cl)

Predisposing Factors

Gendet
Female -0.13015 0.02258 0.878* (.840-.918)
Racé
African American-0.11255 0.02833 0.894* (0.845-0.945)
Hispanic -0.20651 0.02639 0.813* (0.772-0.857)
Asian/Other 0.17214 0.04352 0.842** (0.773-0.917)
Age
0.00428 0.0008541 1.004* (1.003-1.006)
Enabling Factors
Primary Payer
Medicaid 0.02673 0.02306 1.027 (0.982-1.075)
Medicare/Public -0.02572 0.01956 0.975 (0.938-1.013)
Regiorf
1 -0.48055 0.05256 0.618**(0.554-0.679)
3 0.71035 0.02826 2.035*%(1.924-2.138)
4 0.11870 0.03276 1.126* (1.052-1.191)
5 -0.55892 0.03178 0.572**(0.523-0.589)
6 0.35157 0.04691 1.421*%(1.280-1.534)
7 -0.11020 0.03364 0.896** (0.830-0.943)
8 0.14549 0.03751 1.157%%(1.086-1.253)
9 -0.16874 0.03598 0.845**(0.741-0.846)
10 0.70353 0.03295 2.021*%(1.904-2.155)
11 0.35616 0.03338 1.428*%(1.300-1.432)
Need Factors
Diagnosis
Alcohol -0.01525 0.04295 0.985 (0.905-1.071)
Biliary 0.11631 0.04722 1.123* (1.024-1.232)
HCC 0.57202 0.08058 1.772*%(1.513-2.075)
Metabolic 0.20708 0.06538 1.230**(1.082-1.398)
Cirrhosis/Other 0.03152 0.04118 1.032 (0.952-1.119)
Height
0.00454 0.00112 1.005**%(1.002-1.007)
Weight
- 0.00159 0.0004553 0.998* (0.998-0.999)
ABO®
A 0.11560 0.01719 1.123*%(1.085-1.161)
AB 0.34211 0.02450 1.408*%(1.317-1.449)
B 0.91989 0.03444 2.509**(2.345-2.684)
MELD
0.14079 0.0007569 1.151*%(1.149-1.153)
Period 0.06477 0.01579 1.067**

Likelihood RatioChi Square=26793.1654 (p<.0001)
Comparison Groups. 1. Gender: Male 2. Radaiav 3. Primary Payer. Private 4. Region: 5. biagnoses. Hepatiis

6. ABO Blood Group: O (.05; **p<.0001);
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Multivariate Cox Regression Results by Variable
Predisposing
Gender

In multivariate analysis of those listed for cadavévier transplant between 2002
and 2007 while controlling for other predisposing, enabling and rexgbles females
had a lower hazard (risk) of transplant than maldse dstimated hazard ratio was .88,
indicating that females had 12 percent lower hazard @iskpnsplant than males.
Accounting for sampling variability, the decrease in r@kfémales could be as large as
16 percent or as small as 8 percent (95 percent ClI fdvatteed ratio 0.84-0.92). This

result was very significant with@value <.0001.

Race

In terms of racial disparity, African Americans wérk percent less likely to
receive a cadaveric liver transplants than whites@eeced by the estimated hazard
ratio of .89 for this racial group. Accounting for samphagiability, the decrease in risk
for African Americans could be as large as 15 perceshiaarsmall 5 percent (95 percent
ClI for the hazard ration 0.85-0.95). This result was seggificant with ap value
<.0001.

Hispanics were found to be 19 percent less likely tharewlhd receive a
cadaveric liver transplant as evidenced by the estimatsadaatio of .81 for this racial
group. This decreased in risk for Hispanics could be asasig!3 percent and as low as
14 percent (95 percent ClI for hazard ratio 0.77-0.86). €bigltrwas very significant

with a p value <.0001. Finally, the Asian/other population offlieendidates has a 16
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percent decreased likelihood of receiving a liver transpglammbmpared to whites as seen
in the estimated hazard ratio of .84 for Asian/othgrytetion. This decreased risk for
Asians could be as high as 23 percent or as low as 8 pé@&egpercent CI for hazard

ratio 0.773-0.917). This result was very significant wighvalue <.0001.

Age

In this multivariate analysis, when age was studiedimoously, there is a .04
percent increase in hazard of transplant for every gkeage. In addition, age was
analyzed categorically and there was an increase inhidagdi of transplant until after age
75 at which time hazard of transplant is stable. Whashexd as a categorical variable
the reference age was 18-30 years. Those in the ag®add-45 were 14 percent
more likely to receive a cadaveric liver transplahtmtthose 30 years old and less as
evidenced by the estimated hazard ratio of 1.14. Accoufairgampling variability,
the increase in risk for those aged 31-45 could be as larg® percent and as small 4
percent (95 percent ClI for the hazard ration 1.041-1.257). r@$udt was significant
with ap value <.05.

Those aged 46-60 years old were found to be 12 percent mdyadikeceive a
liver transplant than those 30 years or less as eviddncthe estimated hazard ratio of
1.12 for this age group. This increased risk for ages 46-60 coakl liigh as 29 percent
and as low as 7 percent (95 percent Cl for hazard ratio-1.@2Q). This result was
significant with ap value <.05.

The highest hazard of transplant by age group controllinglf@ther

predisposing, enabling and need variables were those 61-8>0feae. This age group
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had an estimated hazard ratio of 1.27 indicating that #ibs& years of age had a 27
percent increased likelihood of receiving a liver transpliazi those 30 years of age or
less. This increased risk could be as high as 39 percastlaw as 15 percent (95
percent Cl for hazard ratio 1.153-1.393). This result wagsignificant with ap value

<.0001.

Enabling
Primary Payer

Although the univariate analysis, showed an increasedhidad of liver
transplantation among Medicaid and Medicare versus prpayers, 5 percent and 8
percent higher respectively, in the multivariate analpsimary payer status was not

significant.

Region

There are significant regional differences in hazdrotansplant in this
multivariate analysis when controlling for all otlpredisposing, enabling and need
variables. Regions 1, 5, 7 and 9 showed a 39 percent, 45pd@eercent, and 16
percent decreased likelihood of liver transplant, respegtiwhen compared to Region
2. As opposed to the increased likelihood of being transgdan Regions 3, 4, 6, 8, 10
and 11 which showed a 104 percent, 12 percent, 42 percent, 16tpe8&epercent and
43 percent increased likelihood of liver transplant, respeyg, when compared to
Region 2. Results for all Regions 1, 3, 5, 6, 9, IDXnwere very significant witp

values of <.0001. Results for Regions 4, 7, & 8 were signifiagéth p values <.05.
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Figure 5.3 presents the results of these hazards by Udldshr This issue of

differences in Regional Hazard will be further exptbirethe chapter through additional

multivariate analyses of each of the 11 separate UNQiSIs.

Figure5.5
Multivariate Cox Regression Results
Hazard of Liver Transplant by Region
UNQOS Data

Hazard

UNOS Regions

Regions 4, 7 and 8 (p<.05) and Regions 1, 8, 9, 10, and 11 (p<.0001)

Need

Diagnosis

As was previously discussed in Chapter 3, the MELD atabed system was
designed and implemented to allocate organs based orat$tatus at a certain point in
time. Given the speed with which hepatocelluar cand€Q) can spread, when the

MELD system of allocation was implemented, it waed®ined that those with an HCC
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diagnosis would receive extra points to be added to takulated MELD scores based
on number and size of tumors identified. Not surprisinig multivariate analysis
showed that patients with a diagnosis of HCC havé percent increased likelihood of
liver transplant when compared to cirrhotic/other pasieas evidenced by the Hazard
Ratio of 1.772 which was very significant apavalue of <.0001. This increased risk of
liver transplant could be as high as 107 percent or asddM gercent (95 percent CI for
hazard ratio 1.513-2.075). The author chose to include #gsadsis in the original
population in order to evaluate the effect of HCC ingbst-MELD era of allocation.

Pair wise comparisons of HCC to other diagnoses (alcbhiakry related and other)

proved to be statistically significant as well.

Height

While holding all other variables constant, for evemg centimeter increase in
height there is a greater risk of transplant. Spedificfor every 1 cm increase in height
there is a .04 percent increased likelihood of being transgd. This was a very
significant result with ap value of <.0001. The variable height was also evaluated as
categorical variable. As height of the recipier@ases, the hazard for transplant
increases with the greatest hazard seen in the tpdéistht. Those individuals 180.6cm
or taller had a 13 percent increased likelihood of beingptanted when compared to
patients less than 165.5cm. This is evidenced by the hastaraf 1.137 which was
very significant at a p value of <.0001. This increasediti®ed of transplant at this
height could be as high as 20 percent and as low as 7 p@8&eyercent CI for hazard

ratio 1.073-1.204).
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Weight

As with the height variable, while holding all otheriahles constant, for every
one kilogram increase in height there is a greatkofisransplant. Specifically, for every
1 kg increase in height there is a 1 percent decreasditidid of being transplanted.
This was a significant result with pvalue of <.0001. When weight was used as a
categorical variable these results are more clesdierstood.

Except for weight of 83.1-96.6 kg, which showed a 7 percent@se in
likelihood of transplantation when compared with theegghing < 71kg, which was
significant with a p value of <.05, weight was notgndicant variable in determining

likelihood of transplantation.

Blood Type
Blood types A, AB and B all showed increased likelihobtiver transplantation
when compared with blood type O at 12 percent, 40 percdrit%hpercent,

respectively. These results were all very significamh wivalues <.0001.

MELD

While holding all other variables constant, for evemg point increase in MELD
score there is a significantly greater risk of traasplSpecifically, for every 1 point
increase in MELD there is a 15 percent increased liketihaf being transplanted, a
result that is congruent with the intent of the ME&tem to provide organs based on

acuity level of liver disease. This was a very sigaffit result with ap value of <.0001.
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What will be discussed further in Chapter 6 is whethisrsufficiently fulfills the

objective set forth by the Institute of Medicine.

Period

In order to control for the impact of the implemeiatatof the MELD 15 Share
policy, implementation half way through our study periodanuary of 2005, a
dichotomous variable, period, was added to the multivamaigel to first assess the
effect of period on hazard of transplant and secoraiyrol for this change in allocation
when evaluating these predisposing, enabling and need vamdloisrest. It was found
that there is a statistically significant 7% increhssk of transplant in Period 2 (post
MELD share 15 rule in 2005) when compared to Period 1 (pre MEidDeSL5 in

January, 2005).

Summary of Multivariate M odel

This multivariate analysis provided data to support the hypeshtbsit despite the
implementation of an acuity based model of liver atam, disparities in gender, race,
age, geographical region, height, weight and ABO blood ¢éys. In addition, there
appears to be a 7% increased likelihood of transplantafier January 2005 compared
to the risk of transplantation prior to that time. Timplications and discussion of these
disparities will follow in Chapter 6. All results dfis Multivariate Cox Regression can

be seen on page 129 in Table 5.10.
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Multivariate M odel for Transplantation by Region

In an effort to continue to address Aim 3, to ident#gtors that contribute to the
hazard of liver transplantation by region , 11 separatlévariate Cox regression models
were run for each of the 11 UNOS regions. Rather thigially running univariate
analyses on all 11 Regions to determine those variabsgroficance to include in each
multivariate model, the best overall multivariate moslas used for each of the 11
regressions. While controlling for the predisposing, enalalimgneed variables utilized
in the overall multivariate model, 11 distinct modelseged with unique combinations
of significant predictive factors influencing hazard ofhsjalant by region. In addition,
as in the overall MV model the variable period was indaludedetermine if the hazard of
transplant by region was different pre and post MELDnf@ementation. Results of

those factors significant to each region are repordminb

Region 1 (Connecticut, Maine, M assachusetts, New Hampshire, Rhode Idand &
Eastern Vermont)

Region 1 showed a mean time to transplant of 209.73 day< 88ys longer
than the entire nation. In terms of the enabling vagigbimary payer Medicaid patient
had a 26 percent decreased likelihood of cadaver transplapiaced to those with
private pay and Medicare patients had a 31 percent deciéadibdod of cadaveric
transplant when compared to those with private paydttition, the average MELD at
transplant for Region 1 was 27.20 (SD: 9.23) and for eévguyint increase in MELD
there was a 21 percent increase in likelihood of tramséglion in Region 1. There was

no period effect found in Region 1.
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Region 2 (Delaware, District of Columbia, M aryland, New Jersey, Pennsylvania,
West Virginia, Northern Virginia)

Region 2 showed a mean time to transplant of 150.36 d&gsdéys less than the
entire nation. In terms of the predisposing variablelgerwomen had a 14 percent
decreased likelihood of cadaveric liver transplant congperenen. In terms of race;
African Americans in Region 2 had a 23 percent decredssihbod of cadaveric liver
transplant while Asians had a 30 percent decreased likelibbliver transplant in
Region 2 when compared to whites. In terms of enablingcteistics, patients with
Medicaid as their primary payer in Region 2 had a 30 pencereased likelihood of
undergoing liver transplant than those with private inswafind in terms of need
variables, patients with hepatocellular carcinoma (HG#2l a 95 percent increased
likelihood of liver transplant compared to those with igiga The average MELD at
transplant for Region 2 was 22.48 (SD: 8.96) and for el/gnyint increase in MELD
there was a 15 percent increase in likelihood of likemdplant. There was no effect of
period in Region 2.

R_egion 3 (Alabama, Arkansas, Florida, Georgia, Louisiana, Mississippi, Puerto

RO Region 3 showed a mean time to transplant of 103.03 83ay&8 days less than
the entire nation. In terms of the predisposing vagigeinder, women had 20 percent
less likelihood of being transplanted then men and Afrismericans in Region 3 had a
20 percent decreased likelihood of cadaveric liver transgit@n whites. In terms of
need variables, HCC patients had a 68 percent increaskigoldat of transplantation

than those with hepatitis. In addition, the averadd B at transplant for Region 3 was
21.73 (SD: 7.73) and for every 1 point increase in MELDethas a 13 percent increase

in likelihood of liver transplant. There was no effetperiod in Region 3.
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Region 4 (Oklahoma and Texas)

Region 4 showed a mean time to transplant of 164.34 d&&days longer than
the entire nation. In terms of the predisposing vagigeinder, women had a 19 percent
decreased likelihood of being transplanted then men asphHics had a 33 percent
decreased likelihood of being transplanted than whitémsd with Medicaid as a
primary payer were 20 percent less likely to be transpdbtitan those with a private
insurance and those with HCC as a diagnosis had a 143 pm@eased likelihood
transplant were compared to those with hepatitisadthtion, the average MELD at
transplant for Region 4 was 23.27 (SD: 8.09) and for eévguyint increase in MELD
there was a 15 percent increase in liver transplagtiod®showed a 20 percent decreased
likelihood of transplantation after January 2005 comparguiiee when controlling for
all other variables.

Region 5 (Arizona, California, Nevada, New M exico, Utah)

Region 5 showed a mean time to transplant of 207.50 8@\&9 days longer
than the entire nation. In terms of the predisposargable race, Hispanics had a 17
percent decreased likelihood of cadaveric liver tramsglampared to whites. In terms
of need variables, HCC patients had a 75 percent incrélskibod of transplantation
than those with hepatitis. In addition, the averadd B at transplant for Region 5 was
28.94 (SD: 10.04) and for every 1 point increase in MELD tha®a 19 percent
increase in likelihood of liver transplant. There agseriod effect found in Region 5
with a 33 percent increased likelihood of transplantatias found following January

2005 when compared to prior when controlling for all otlerables.
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Region 6 (Alaska, Hawaii, Idaho, M ontana, Oregon, Washington)

Region 6 showed a mean time to transplant of 194.04 days} 8ays longer
than the entire nation. In terms of the predisposargable race, Hispanics in region 6
had a 37 percent decreased likelihood of cadaveric livesgdiamts than whites. In terms
of need variables, HCC patients had a 188 percent increkskiblod of transplantation
than those with hepatitis. In addition, the averadd M at transplant for Region 6 was
21.48 (SD: 6.95) and for every 1 point increase in MELDetheas an 18 percent
increase in likelihood of liver transplant. There wasperiod effect found in Region 6.
Region 7 (lllinois, Minnesota, North Dakota, South Dakota, Wisconsin)

Region 7 showed a mean time to transplant of 158.65 A&ysdays longer than
the entire nation. Interms of the enabling variablm&twy Payer, patients with Medicaid
had a 28 percent increased likelihood of liver transpldmieviviedicare patients had an
15 percent increased likelihood of liver transplant whangared to private payers. In
terms of need variables, HCC patient have a 125 perceatsed likelihood of
transplantation than those with hepatitis. In addijtthe average MELD at transplant for
Region 7 was 25.73 (SD: 9.68) and for every 1 point incrieadgé&LD there was a 14
percent increase in likelihood of liver transplant. péoiod effect was found in Region
1.

Region 8 (Colorado, lowa, Kansas, Missouri, Nebraska, Wyoming)

Region 8 showed a mean time to transplant of 172.57 fiaya6 days longer
than the entire nation. In terms of the predisposargable race; Hispanics had a 47
percent decreased likelihood of transplant when comparetiites. In terms of the

enabling variable primary payer; Medicaid patients had a 2&peincreased likelihood
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of transplant compared to those with private pay.etms of need variables, HCC
patients had a 43 percent increased likelihood of transplaenh compared to hepatitis
patients. In addition, the average MELD at transdtamRegion 8 was 23.61 (SD: 8.16)
and for every 1 point increase in MELD there was a 16gmrincrease in likelihood of
liver transplant. There was a 27 percent increasedhided of transplantation after
January 2005 than before.

Region 9 (New York and Western Vermont)

Region 9 showed a mean time to transplant of 163.75 ddysdays longer than
the entire nation. In terms of the predisposing vagiahte, Hispanics had a 24 percent
decreased likelihood of transplant when compared to svhite addition, the average
MELD at transplant for Region 9 was 24.99 (SD: 10.92) anéVery 1 point increase in
MELD there was a 16 percent increase in likelihood eérltransplant. There was a
period effect found in Region 9 with a 67 percent increéikelihood of transplantation
after January 2005 compared to prior.

Region 10 (Indiana, Michigan and Ohio)

Region 10 showed a mean time to transplant of 126.31 8@yaf) days less than
the entire nation. Interms of the predisposing vagisdte, Asians had a 68 percent
decreased likelihood of liver transplant in Region 10 mamad to whites. In addition, the
average MELD at transplant for Region 10 was 20.03 (SB2) &and for every 1 point
increase in MELD there was a 12 percent increase ilthdad of liver transplant. There
was a period effect seen in Region 10 with a 28 percentaksd likelihood of

transplantation after January 2005 when compared to prior.
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Region 11 (Kentucky, North Carolina, South Carolina, Tennessee, and Virginia)
Region 11 showed a mean time to transplant of 180.12 22y, days longer

than the entire nation. In terms of the enabling vagighlyer status, Medicare patients

were 12 percent less likely to be transplanted thanterpayer patients. In addition, the

average MELD at transplant for Region 11 was 22.46 (SD: @ jor every 1 point

increase in MELD there was a 17 percent increase ihdad of liver transplant.

There was also a significant period effect in Regiowhére there was a 47 percent

increased likelihood of transplantation after January 2d@&nveompared to prior.

Summary of Regional Analys's:

These regional findings indicate that each and evegyoRéhas a very specific
set of predictor variables. In addition, factors dffechazard of transplantation across
specific variables by region are discussed below. Tédigposing variables gender and
race, the enabling variable primary payer and the need v@ahaphtocellular cancer
diagnosis will be described below in an effort to shb&regional differences that are
present in the current system of acuity-based livecallon. Although comparisons can'’t
be made between regions in regard to these specific haddrdasplant for each
specific variable, the presentation of the data allth@seader to appreciate the
significant impact each factor has in a particular U(B\NRegion. For instance, although
gender had a significant negative impact on hazard dfifant in Regions 2, 3 and 4,
gender had no significance in risk of transplant for@ithe other 8 UNOS Regions.
Likewise, the category of primary payer designated agiddee provided an 15 percent

increased hazard of transplant in Region 7 and provided a 8dnpelecreased hazard of
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transplant in Region 1.

Regional Multivariate Cox Regression Results by Variable
Predisposing
Gender

In UNOS regions 2, 3, and 4 female gender provided a 14 pe2fgmércent, 19
percent decreased likelihood of liver transplantatiopaesvely compared to male
gender in each of these respective regions. Although there 11 separate multivariate
analyses performed, these hazards cannot be compaachtother but do provide for a
better understanding of gender disparities among UNOSn®gid was only these 3
regions that showed a statistically significant défece between males and females in

terms of hazard of transplant.

Race

When controlling for all other predisposing, enabling andinegiables in each
of the 11 UNOS Regions, there were significant differeacesss racial categories. In
Regions 2 and 3 African Americans showed a decreaseithdikel of liver transplant
compared to whites by 23 percent and 20 percent respectitesyanics, when
compared to whites had a 33 percent, 17 percent, 37 percquae€nt, and 24 percent
decreased likelihood of liver transplantation in Regidn5, 6, 8 and 9 respectively.
Finally, Asians/other had a 30 percent decreased likelihbtydrsplantation in Region 2
and a 68 percent decreased likelihood of transplantatiBegmon 10 compared to

whites. These findings will be discussed in Chapter 6.
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Enabling
Primary Payer

Medicaid as a primary payer source appears have providedraased
likelihood of liver transplant in Regions 2, 7, and 8 @p&rcent, 28 percent and 23
percent respectively when compared to private payepamary payer source and
controlling for all predisposing, enabling and need variableslicaid also appears to
provide a 26 percent decreased likelihood of transplantgioR4 when compared to
private payer. In addition, Medicare appears to haveged a 15 percent increased
risk of transplant in Region 7 while providing a 31 perc@tpercent, and 12 percent
decreased risk of transplant in Regions 1, 4 and 12 regplgctvhen compared to

private payer sources.

Need
Hepatocellular Carcinoma (HCC) Diagnosis

Seven of the eleven UNOS Regions showed an increiatediidod of liver
transplantation with the diagnosis of HCC as ti@ady of their disease when compared
to hepatitis as a diagnosis, when controlling for dleofredisposing, enabling and need
variables including acuity level (MELD). Region 2 patiewtth HCC were found to be
95 percent more likely than hepatitis patients to recgiwadaveric liver transplant as
evidenced by the estimated hazard ratio of 1.95 for thi:dgg This increased risk for
HCC patients could be as high as 241 percent and as lowpes&@mt (95 percent ClI for
hazard ratio 1.954-3.416). This result was significant evglvalue <.05.

Region 3 patients with HCC were found to be 68 percene iitcely than
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hepatitis patients to receive a cadaveric liver transplaievidenced by the estimated
hazard ratio of 1.68 for this diagnosis. This increastédfor HCC patients could be as
high as 159 percent and as low as 9 percent (95 percent I@zard ratio 1.091-2.597).
This result was significant with@avalue <.05.

Region 4 patients with HCC were found to be 143 percent hketg than
hepatitis patients to receive a cadaveric liver transplaevidenced by the estimated
hazard ratio of 2.43 for this diagnosis. This increasidfor HCC patients could be as
high as 234 percent and as low as 36 percent (95 percent l@Zidard ratio 1.36-4.34).
This result was significant with@avalue <.05.

Region 5 patients with HCC were found to be 75 perceneé tilcely than
hepatitis patients to receive a cadaveric liver transplaievidenced by the estimated
hazard ratio of 1.75 for this diagnosis. This increastédfor HCC patients could be as
high as 165 percent and as low as 16 percent (95 percent l@ZiZard ratio 1.158-2.65).
This result was significant with@avalue <.05.

Region 6 patients with HCC were found to be 188 percent hketg than
hepatitis patients to receive a cadaveric liver transplaievidenced by the estimated
hazard ratio of 2.88 for this diagnosis. This increastédfor HCC patients could be as
high as 640 percent and as low as 12 percent (95 percent l@2iZard ratio 1.12-7.399).
This result was significant with@avalue <.05.

Region 7 patients with HCC were found to be 125 percent hketg than
hepatitis patients to receive a cadaveric liver transplaevidenced by the estimated
hazard ratio of 2.246 for this diagnosis. This increas&dar HCC patients could be as

high as 272 percent and as low as 35 percent (95 percent I@ZiAard ratio 1.355-3.721).
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This result was significant with@avalue <.05.

Region 8 patients with HCC were found to be 167 percent hketg than
hepatitis patients to receive a cadaveric liver transplaievidenced by the estimated
hazard ratio of 2.672 for this diagnosis. This increas&dar HCC patients could be as
high as 400 percent and as low as 43 percent (95 percent I@ZiAard ratio 1.429-4.996).
This result was significant with@avalue <.05.

Hepatocellular carcinoma was a significant predictorable when compared to
hepatitis in Regions 2,3,4,5,6,7 and 8. Discussion oétrass of increased likelihood

of liver transplant will be discussed in Chapter 6.

Summary of Multivariate Models by Region

These 11 Multivariate Cox Models for TransplantatiorRegion are presented in
an effort to begin to explain Regional differenaesccess to liver transplantation. The
significant variables within each multivariate model weresented followed by
presentation of data specific to each region for tioneansplant as well as those
significant variables contributing to hazard of transpia each region. In addition, data
specific to the predisposing variables gender and race,mgpaibliable primary payer
and need variable hepatocellular carcinoma diagnoses also presented. Further

discussion of this data will be presented in Chapter 6.

Chapter Summary and Conclusions
Utilizing a national database of all patients listeddadaveric liver transplant

between 2002 and 2007, time to transplant and those variatdiessdn (2005) describes
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as predisposing, enabling and need variables were studiedwirgllireporting of
descriptive statistics for those having received a tikarsplant as well as those who
continue to wait, the evaluation of the implementatbthe MELD 15 policy change
was reported both for the entire population of listed#péant patients as well as at a
regional level.

Following the evaluation of the MELD 15 policy implemerda results of several
Cox regression analyses were reported. Initially, gsani@te analysis identifying those
variables that were statistically significant conitdrs to time to transplant were
identified. Diagnostic tests evaluating the proportidredard assumption were
undergone and a final multivariate Cox regression witkigiiificant variables was run
while controlling for the differences in time periodtvthe MELD 15 rule change by
including an additional variable period in the final multiaéeimodel. In addition,
separate multivariate analyses for each of the 11 UR&ftons were run in order to
determine the impact of each variable at a regional.leve

In summary, this study finds that there are differemcggnder, race and region in
the current era of liver allocation. Despite incezghgansplantation rates for those of
greater acuity (MELD>15) since the implementation efMELD 15 rule, disparities
still exist nationally overall and within the 11 UNOS @as. A discussion of the

meaning of these findings will be presented in the fahgvehapter.
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Chapter 6
Discussion
The overall intent of this research was to evaluatesxto liver transplantation

given the current system of organ allocation, implet®ee in 2002. This is the first
population-based study using Anderson’s Behavioral Model oégscto Care to
examine those predisposing, enabling and need variablasfthance the likelihood of
liver transplantation in the current acuity based alion system (MELD). This study
evaluated transplant access from national and regiorspqatives. The policy
implications of the MELD 15 Share Rule, implementedanuary 2005 will be discussed
first, followed by the discussion of the resultsit# Cox Multivariate Model for the
national data. In addition, a discussion of the figdifrom 11 additional Cox
Multivariate Models examining regional results will éxeplored. Both the national and
regional discussions will be organized around two top(t¥:the meaning of the findings
presented in Chapter 5 and their congruence or lack of corggruath previous research
on access to liver transplantation; (2) the significaaraepolicy implications of these
findings. The other topics to be addressed in this dismusgB) the limitations of the
study, (4) the implications for future research and (®jtanation of the expanded
Anderson model will be addressed at the conclusioneotilapter. A summary of study

conclusions completes this chapter.

Aim1
The first aim of this study was to describe those whe maceived a liver transplant

between 2002 and 2007 compared to those who continue to waitréorsplant during
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the same time period. The study population was drawn tiherfederally mandated
United Network of Organ Sharing (UNOS) database. Included thesse individuals
who were walit-listed for a cadaveric liver transplstatrting on February 17, 2002
through November 30, 2007. In this population, those tlatwed a cadaveric liver
transplant were compared with those that continuedhity excluding those that died or
were removed from the list due to their condition impngyideteriorating or receiving a
living donor liver. In addition, patients less than 18rgedd, in acute liver failure, or
having previously received a liver transplant were excludad fthe sample. The total
number of transplants performed during the study time-fraa®e33,825. With the
exclusions discussed above, the total number of sshjethe study was 32,566
including 17,118 who received cadaveric liver transplants and 1&Hd8emained
candidates and continued to wait during the study time-frame

Findings for Aim | showed that males comprised 6@gmarof the sample, had a
mean age of 52.12 years, a mean height of 172.77 cm and avweigan of 85.67 Kkg.
Mean MELD score for the transplant group was 19.98. splant recipients were
primarily high school educated (37 percent), with privageiiance (61 percent), the
majority of which came from Region 3 (eighteen perceBliood type O was most
prevalent (forty- three percent) and cirrhosis wagtimaary etiology of disease (fifty-
three percent). These descriptive statistics for pdans recipients, when compared to
those who continued to wait, were all statisticalffedent withp values<.0001 with the
exception of primary payer type, which was still significevith p at .0014. Those who
continued to wait for a liver transplant during this saime frame were also

predominantly males (62 percent), with a mean age of 52af6,y& mean height of
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170.96cm and a mean weight of 83.88cm. Mean MELD scoréddransplant group
was 14.20. Those who continued to wait for a liver weiragrily high school educated
(thirty-four percent) with private insurance (sixty-twagent). The majority of the
transplant recipients came from Region 5 (twenty-figecent), had cirrhosis as a
primary etiology of disease (fifty-seven percent) amde of blood type O (forty-nine
percent). These findings were consistent with data pullishdy the United Network
for Organ Sharing (UNOS, 2008). These descriptive statistgarding both wait-listed
and transplanted patients have not differed significantér the past 6 years, since
MELD implementation (UNOS, 2008).

The original hypothesis that higher rates of transplanild occur with Caucasian
men of a larger body size were correct, howevapjtears as though older, as opposed
to younger age may be a more positive predictor ofptans Perhaps this is due to
aging demographics in general, an increasing demand by thak@gés for the latest
advances in health care, when before such advancedimited to younger, and
presumably healthier patients. Private insurance, as a fooRigher economic status is
also not surprising, given the significant cost of andyikegher reimbursement rates for
liver transplant surgery. Higher MELD scores, suggestongpliance with the federal
mandate to transplant those with higher acuity leieddso expected however,
differences in rates of transplantation and continueitl listing by geographic location
are not explained by this simple descriptive analysiser@hese descriptive results
suggest disparities across gender, racial, socioeconojiparhnaps, geographical
location. These implications provided support to pursue qussbibinequity in hazard

of liver transplantation by controlling for all of tipeedisposing, enabling and need
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variables described by Anderson (1995) in his Behavioral Modééafth Services
through the use of survival statistics and Multivariate Begression Analyses to be

further discussed.

Aim 2

MELD Share 15 Rule. The second aim of the study was to determine how the
implementation of the Share 15 Rule in January 2005 iragdirhe to transplant for
MELD acuity levels > or = 15. This was addressed froth laonational perspective as
well as on a regional basis evaluating the impact erithseparate UNOS regions.

In an effort to address the impact of the Share 1B Rytlemented in January
2005 two additional models were run, one testing the ingfabe Share 15 Rule on the
entire population of wait listed patients/transplanteieptt and a second model testing
the impact within each of the 11 UNOS regions. Modeledw@sdichotomous MELD
predictor (MELD 15 =1 if MELD > or = 15 or MELD 15 = 0 if MID <15). This was
considered a time-varying covariate. In addition, Periad avdichotomous time varying
covariate with Period = O if the date was before 1/200%eniod = 1 if the date is after
1/2005 (which is representative of the date of implememtati the MELD 15 rule).

The results of Model 1 showed an increase in likelihmiddansplantation for
those with MELD > or equal to 15 doubled after the intlatof Share 15 which verifies
success of the policy to increase transplants amamg acutely ill patients.

Model 2 used the same MELD predictor and period covarmteaddressed
MELD15 by Region for all 11 UNOS Regions. Slightly dif#fat results were found.

Unlike the overall doubling of likelihood of transplant ®@MELD greater than 15, there
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was regional variation with the MELD 15 policy implemation. Statistically significant
changes were seen in Regions 2, 3, 4, 5, 6 and 8 wherkdixlof transplant increased
by 2 to 3 times pre-MELD 15 implementation, whereas, hazdial was stable after the
MELD 15 rule implementation for regions 1, 7 and 10. THieskngs suggest that the
MELD 15 rule has made a significant impact on accesabsptant for greater acuity
patients, but again, with regional variation.

The regional differences found when evaluating the MBBCShare rule further
support the need for continued evaluation of the currgmal system of organ
allocation as well as the 11 Regions that make upyters. This is a clear example of
the measured impact of a policy change in the allocatystem. The outcome, hazard of
transplant with a higher level of acuity (MELD >= 1Blgarly has different affects
among the 11 separate regions. If the acuity-based rabdejan allocation was solely
based on acuity measures, the hazard of transplantinegion based on acuity measure
or MELD score should be the same as in anothermegiad this is not the case. Further

evaluation of regional differences in allocation ojans is necessary.

Aim 3

The third aim of this study was to examine the factes®aated with time to
transplant/hazard of liver transplant between 2002 and 20€ldding those
predisposing, enabling and need variables Anderson describes {{2005pth a
national and a regional basis. Time to transplamst evaluated with the Kaplan Meir
method both for the entire population and again for all édidhs. Variables were

chosen to be studied in an effort to explain these sumtivaes for the entire population
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as well as the 11 individual UNOS regions. These vasabkre assessed in univariate
and multivariate models for association with hazarttasfsplant, using the Cox
Proportional Hazard Model. This is an extensively usedivauiate statistical model for
survival data. The model provides a means by which to exqlauival while allowing,
or controlling, for the effects of multiple variablgSrichton, 2002).

Using Anderson’s theoretical framework, with guidancenfliierature reviewing
previous liver allocation eras the following variablesevelnosen. Predisposing
variables gender, race and age; enabling factors primary @ageyeographical location
and need variables diagnosis, MELD score, weight hiv@igd blood type were chosen
for study in univariate and multivariate analysis.

In addition, the variable period was added to test fomtgence of the
implementation of the MELD Share 15 rule in January 200&edine time period tested
ranged from 2002 through 2007 clearly a change in allocatiod,coulct, impact the
results. Period was = 0 if time was prior to January2005 and = 1 if on or after
January 12, 2005. There was a statistically significant@epeincreased risk of
transplant after 2005 when compared to pre-2005 in the mudiieaanalysis completed.

An additional benefit of including period as a variablehm mnultivariate analysis
is that we controlled for any changes occurring ovecthese of the study period and
could be confident that hazards derived from other measar&bies were indeed
accurate over the entire time frame studied.

This same model was used for additional multivariateyaralto address
differences across all 11 UNOS regions. A discussfdhe results of the multivariate

results will be presented below, organized accordingdset predisposing, enabling and
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need variables previously described.

Predisposing Variables
Gender
Access to liver transplantation by gender has shown sistemt results in previous
allocation eras. Historically, the IOM data (Gibb@tsl, 2003) did not report gender
inequity in regard to liver transplant listing or transpddion, however, others reported
longer waiting times, and higher rates of transplamsregy women (Tuttle et al, 1997).
These studies were all performed on data collected foriBfELD implementation.
Studies of the current era of allocation reported #statlly significant increase
in transplant rates for males (Freeman et al, 2004 straé researchers have attributed
to a systematic bias against women, given the logarittvaight placed on creatinine in
the MELD scoring system (Durand and Valva, 2005) and theenhéias against
women due to their decreased body mass index. Inam &ffaddress this issue, the
current study evaluated gender as a predictor, while clmirddr acuity level and size
(height and weight) and still found an 11% decreasedHixedl of liver transplant for
females. Although this confirmed the study hypothesisriz¢s would be more likely
to be transplanted, size and acuity level did not explas disparity. Gender, in and of
itself, when controlling for all predisposing, enablingl aeed variables showed an 11%
decreased likelihood of transplantation and hence a gdrsparity within the current
MELD acuity based allocation system.
This gender disparity is significant because it ésfitst time such a disparity has

been identified in the current system of liver allomatvhen controlling for all
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predisposing, enabling and need variables. Body size difiesedo not contribute to this
disparity as these were controlled for with the weggid height variables. However,
renal function, as defined by the clinical measure oftecriea in the MELD score, may
still contribute to this hazard disparity. In order to @ddrthis, calculated glomerular
filtration rate (GFR) by Cockcroft-Gault or MDRD estition should be added as a
variable to the model and a new multivariate model shbelrun to determine if a higher
GFR increases the likelihood of transplantation ankefe is an interaction with GFR
and gender.

There are certainly policy implications for this currgehder disparity finding.
Clearly further investigation into whether an intei@c with GFR and gender contributes
to this identified disparity must first be determinedthl$ is the case, using computer
simulated modeling techniques (ULAM) to test for the @ffeness of mitigating these
disparities through the use of specific models should bertak@®. Durand and Valva
(2005), suggest such a model that would provide an increasents fuy every female
with a MELD score >19. Determining whether such a modald mitigate the
identified gender disparity is essential.

Alternatively, if there is no effect of GFR levet dikelihood of transplant by gender
then additional research regarding causes for this findiggraler disparity must be
explored. Perhaps the influence of educational levelreg¢issues and/or physician
decision-making processes, factors not addressed in ttextohthis research study,
should be explored.

In conclusion, the gender disparity identified by thigeesh study is an issue that

needs to be further researched. In addition, thesenfiadwhen communicated back to
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the federally mandated organizations (UNOS, OPTN) resplerfsir the equitable
distribution of organs, should contribute to a continpextess of re-evaluation of the
current system of allocation, the ultimate goal of Wwhg&to eliminate or, minimally,
mitigate the effects of this gender disparity. The atshmntribution to the theoretical
models used to address access to care in regard to thistglispthbe further addressed

in the conclusions.

Race

The current study uncovered issues of racial disparity sefjard to Hispanics,
African Americans and the Asian/other group. Hispanieseviound to be 20 percent
less likely than whites to receive a cadaveric livengplant when controlling for the
MELD score and other variables. . This disparity hdadoeen reported to date, in the
current acuity based system of organ allocation. Taexeertainly many reasons that
this disparity may exist, some of which were address#asrparticular study, others of
which were unable to be evaluated. Educational leveldamartainly play a role in this
disparity, but was not able to be evaluated due to missiagfaathis variable. Cultural
issues such as language barriers and attitudes reganghgnd belief in the health care
system may play a role as well as socioeconomiessaddressed below.

In the univariate analysis African Americans were dbtdaund to be 27 percent
more likely to receive a cadaveric liver transplahemtwhites. However, when
considered in the multivariate model, while controlling dd previously defined
variables, including need, any apparent advantage for blasdgpdiared and they were

found to 11 percent less likely than whites to receivadaeeric liver transplant. The
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univariate result of an advantage for the African Acearisupports the author’s premise
that the MELD system of acuity may actually advantdgeAfrican American patient
given the increased incidence of renal disease irptipsilation. However, when MELD
was controlled for, this advantage disappears. It woulthpertant to evaluate an
interaction between race and MELD to determine if thightnradd more to the
understanding of this racial inequity.

Finally, controlling for need and all other variableg Asian population of liver
candidates had a 16 percent decreased likelihood of trarsparthan the white
candidate. This finding is consistent with that foreotfaces studied and may be due to
reasons previously addressed.

Previous research evaluating race as a predisposing vaidhktime of transplant
during the current era of transplantation is limitechlyd-reeman and colleagues (2004)
evaluated race at the time of transplantation and fowardasing rates of liver
transplants among whites, African Americans, and Asiamndescriptive statistics, but
did not address the overall likelihood of transplantabiased on race. Although
increasing rates of transplantation were found amorsgtgeups, disparity among
African Americans and Asians, when compared to whitaddcsiill have been present,
and not identified.

Interestingly, El-Serag et al (2006), reported a grdiedihood of Asians
receiving local (ablation) and surgical (resection) therfar hepatocellular carcinoma
(HCC). Ablation therapy and surgical resection are agagres to remove tumors from
the liver as a primary treatment for HCC and/or ingiihais a precursor to future liver

transplantation therapy. Access to this treatmemnt macertain instances, preclude the
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need for future liver transplantation and partially exptiecreasing likelihood of liver
transplant. However, HCC only accounts for about 3%hetotal population of liver
recipients on an annual basis. So, if there weréatiaeship between access to other
treatment modalities and liver transplant for the Agapulation this would certainly not
explain the 16% decreased likelihood of transplant fourllisnpopulation.

Siegel and colleagues (2007) found a lower percentage of AgigmslCC were
reported to have received liver transplants than theirevdaotinterparts. The study
period predominantly involved the pre-MELD era (1998-2002) saibtigossible to
compare these divergent results for the Asian populatgiven the increased incidence
of HCC in the Asian population, evaluation of an intéicm between Race and Diagnosis
in the post-MELD era of organ allocation would be impatrta perform to further
clarify these identified disparities.

The significance of these racial disparities isiclifit to explain. For African
American and Hispanic and Asian recipients, issueslwéaional level and physician
decisions at time of selection may play a role. Seducation was not able to be added
in the multivariate model to determine if there is daaation effect, this should be
considered in future research. In addition, given trexetare decision-making processes
that occur among the transplant team at the point ofgan offer in the allocation
process, a qualitative research study would also add twtheof knowledge in terms of
identifying those additional areas that may contributéitodefined disparity.

An educational effect may help explain several altéreatutcomes. A
decreased likelihood of transplant in the Hispanic pouatiay be due to an

unmeasured educational effect related to language literaoyrambwledge about liver
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transplant as a treatment modality in general.dthten, socioeconomic class, including
income and social class were not measured in this silityse variables may contribute
to this disparity. Means of defining income level shoulddeatified and tested as an
influencing factor in this analysis, in particular egard to the impact income plays on
this racial disparity. Perhaps there is an interadtietween income and/or other
measures of socioeconomic level or status that neleel tonsidered.

Despite the absence of a significant impact on pstatus and hazard of
transplant there may be a relationship with primary pagéd race that was not explored
in this study. Given the high costs of liver transpkst therapy for end stage liver
disease, potential recipients are required to provide pifcadfility to pay to be listed for
transplantation. This data should then be enterditUNOS system. Provided it is
entered, there is question as to the accuracy of trasgdag forward, as changing payer
sources are not accounted for in the system of regartithe database used. In addition,
if there is a relationship between race and payer staus;ularly if minorities of lower
income have coverage from Medicaid, for instance,likelly pays at a lower rate than
other payment sources, will this influence recipient $ele@nd/or access to liver
transplantation? There is much to be studied in regateesetracial disparities. A more
accurate measure of socioeconomic status (including incasngell as payer status over
time and the influence of educational level are justsdwariables to be studied that
may provide additional understanding of these identifiechraisparities.

Age
The current study illustrates an increased likelihoodawfdplantation of .04 percent

for every year of age when controlling for MELD andather factors. This result, other

153



than explaining an increased risk of transplant with exirgy age has little practical
implications. When age was studied as a categoricialblarmore usable information
was obtained. Prior research regarding age as a mredidransplant using the MELD
system of allocation was not found, however, discussgarding the aging population
of liver disease patients abounds in the literaturge distribution for those awaiting
liver transplantation has changed dramatically ovep#st 20 years. Currently, greater
than 60% of those listed for transplant are betweem8@®4 years of age, a statistic that
Pomfret and colleagues (2007) suggested was due to the agingnub§raehics. As the
demographics of the country shift to an older cohort aéptd, a greater incidence of
hepatitis and hepatocellular cancers would likely predateiand subsequently require
therapy. It appears, from the results of this curagalysis, that this shift in
demographics may already be influencing those who arevmegéransplants. An issue
not addressed or controlled for in this study, howevag whether or not the use of less
than optimal donors could be contributing to this siaa#ly significant likelihood of
older patients receiving liver transplants.

In addition, in prior years, a relative rate of wait mortality was reported with
increasing age (Freeman et al, 2000) and although thosd#iddatvhile waiting were
excluded from this study, improved treatment therapiebvier disease and decreased
rates of wait list mortality may have also contrémito increasing numbers of aging
patients being transplanted for end stage liver diseaser{fan et al, 2004). The
combination of decreased mortality on the waiting istteasing numbers of older
individuals waiting for transplant and willingness to atliextended criteria donors in

older recipients may all contribute to the explanatbimcreasing age as a predictor of
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liver transplantation.

The increasing likelihood of liver transplant by age $igaificance related to
economics, quality of life and survivals in general. digynostic measures are extended
to the rapidly growing aging population the disparity bemvsupply and demand will
also grow. Decisions regarding who will actually rgedhis increasingly scare resource
of donor livers will most assuredly be based on measdrgsality of life and survival
unless alternative increasing donor sources can be i@entife.: older donors for older
recipients).

Enabling Variables
Education

Liver transplantation access has been studied in Starpeegard to the impact
educational level plays on socio-economic status andym how economic status
relates to transplant outcomes (Yoo et al, 2004). Treselso been research on the
influence educational level has on multiple listing tt@nsplantation (Merion et al,
2004). But no research was identified that addressed echaddawel as a predictor of
liver transplantation. Unfortunately, data on educatiteee! for the population studied
showed missing data for 29% of patients and thereforedhisble was omitted from the
final multivariate model. Perhaps looking at the datanoich there is level of education
data and running another multivariate analysis would begaadiress this question of the
potential impact of education would be useful. Certaihkg,rble education plays in
access to liver transplant must be determined and uaddrsi improve upon the current

allocation system and potentially mitigate some ofdisparities found.
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Primary Payer

There have been no studies to date that address abibiytas a predictor
variable in regard to liver transplantation during the curaglocation era. Limitations in
performing such important research involve the lack ahtegrated database to perform
such research. In the current study, no significaniteeaere found when comparing
private payer to Medicaid and Medicare as primary pagdige national dataset used.
There are potential future opportunities available utilizitigkage with a claims
database studied by Gilmore and colleagues (2007) that may forde valuable in
looking at other payer issues in the future.
Region

Regional disparity has been an identified as issud areds of solid organ
transplantation from prior to the passage of the Finde it 1998. The intent of this
Congressional mandate was to put much less emphasistamweasand keeping organs
local and much greater emphasis on the Institute afidvtee’s ultimate recommendation
to establish an acuity-based model as well as a meamhkibly to establish Organ
Allocation Areas (OAAS) serving at least 9 million peofglanore fairly distribute
organs across the United States. Obviously, the |&érrecommendation to expand
Organ Allocation Areas was never adopted and other thepuater simulated modeling
of different allocation schemes, little data exisizgt taddress which areas of the country
may, in fact provide either a decreased or increakelthbod of liver transplantation,
when holding all other variables constant.

This question was explored in the first multivariatelysia using all 11 UNOS

regions as categories of the enabling variable, redgtegmificant disparities were
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identified by region. In addition, a second multivagiahalysis by region was run with
the same set of predisposing, enabling and predictor vesiablthis original multivariate
model to determine which variables contributed to the isexkar decreased likelihood
of transplant by region. The former question willdolelressed here.

Regions 3, 4, 6, 8, 10, and 11 showed a 12 to 103 percent incr&atibddid of
being transplanted when compared to reference Regionh2reds, Regions 1, 5, 7 and
9 showed a 10 to 43 percent decreased likelihood of being traresplahen compared
to reference Region 2. Other pair-wise comparisons sthgwmlar and significant
results. Previous research provided very little in seofrexplanation of these most
recent findings.

Prior research has focused on size of organ procurenrganizations (OPOSs),
indicating that transplants provided at larger OPOpar®rmed at much higher acuity
levels (Trotter and Osgood, 2004). There has also beearchs@n organ allocation
disparities among a single UNOS region (Barshes @08I7) suggesting that there are
disparities across various donor service areas witkisame OPO, in one particular
region. The questions of disparity across all 11 Regiwhen looking for differences in
variable effects have not been addressed in the curneenf ergan allocation.

Since there was no prior research to explain whydisarity across regions
exists, a decision to perform further multivariate analipg region with those
predisposing, enabling and need variables utilized in this duanatysis was

undertaken.
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Significance of the Study

In terms of the significance of this multivariate as& of all regions together, it
is clear that the regional disparities identified byDepartment of Health and Human
Services in 1991 (DHHS, 1991), and again in 1998 through theutesbit Medicine
Report (Gibbons et al, 2004) continues to exist. A systeamfiaafation of livers that has
changed only minimally since 1991 provides a likely reasothiercontinued disparity.
Although a national governing and oversight body (UNOS)aesible for the equitable
distribution of organs exists on a national basis,resdly 11 separate and distinct areas
of allocation are present that may have the greattsence on who receives a
transplant.

Allocation has changed only minimally since 1991, withithglementation of an
acuity based model of allocation in 2002 and the MELD 15%eShde in 2005. Clearly,
the acuity-based MELD system has contributed to fewathdeon the waiting list and
decreased numbers of patient listings given that accftiah® on the waiting list no
longer holds a value. In addition, the MELD 15 Shatfe significantly influenced
allocation policy, as has been previously discusselisrchapter.

However, the same 11 regions, designated over 20 yearsxagfdpday with
increasing populations of end stage liver disease patented. Each region has a
unique make-up and number of donor service areas, organ prootigyeacies,
transplant centers, clinical expertise and donors kompopulation. Although,
beyond the scope of this research study, qualitativejaadtitative analysis of each
region will be necessary to inform future research tp bgplain the disparity identified

within the context of this study.
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The policy implications for these findings of regioddferences are varied.
Although only 3% of patients are multiple-list for a liteansplants (UNOS, 2007),
perhaps this will increase with the knowledge that ddffiees in regional access may be
influenced by certain identifiable variables. Decisioggarding whether multiple listing
should continue to be allowed, and regulations regardirigpheulisting will need to be
established with implementation of systems of ovetsighf course the opportunity for
such multiple-listing would only be possible for thoséwthe financial resources to do
so, which may lead to further inequities across sooio@uic lines. It will be necessary
to monitor this regional disparity.

In addition, regional disparities identified must caimé¢he attention of the
governing bodies responsible, under federal mandate, to provelguaable system of
allocation (UNOS and the OPTN). In addition, tmf®rmation should be shared with
the general public in an effort to put additional pressareghe system to address this
identified inequity, which, most likely crosses oveptbher organ systems since the same
11 geographical regions are utilized in the process gbadl organ allocation.

What this study did not do is take into consideration mgracurement size,
number of OPOs within each region, ratio of OPOs tasplant programs per region,
number of transplant programs per region as well amactaization of each (i.e.:
surgical expertise, tertiary care center versus contsnhaspital setting, for profit versus
non-for profit medical centers), percentage of donorsypkion population etc. These
issues of provider supply and organization may contributeetinequities identified.
Consideration of these issues is essential. Howbxeging these disparities to light

prior to being able to explain all of the reasons why #ast is also essential in order to
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determine what possible policy solutions might contribatienproved equity.

Need Variables
Diagnosis

As discussed previously, the MELD acuity-based systendesigned and
implemented to allocate organs based on clinical sttt time of transplant. No
additional points were assigned based on diagnosisthétaxception of hepatoceullular
cancer (HCC). In the national system of allocatgiven the speed with which HCC can
spread, it was determined that those with a diagno$#C&f would receive extra points
to be added to their calculated MELD scores based omutieer and size of tumors
identified. Not surprisingly, this multivariate analysisowed that patients with a
diagnosis of HCC have a 77 percent increased likelihdddeo transplant when
compared to hepatitis patients when controlling for MEdrDall other factors. The
author chose to include this diagnosis in the origaog@lulation in order to evaluate the
effect of HCC in the post-MELD era of allocationaifPwise comparisons of HCC to
other diagnoses (alcohol, biliary related and other) gréadoe statistically significant as
well, meaning that it was not just when HCC was compaitdhepatitis (the reference
diagnosis in the analysis) was a significant diffeeefowind, but when HCC was
compared with all alcohol, biliary related and diagnésiker” as well.

This result is significant in that the original interftproviding more immediate
transplant to someone with what might be a rapidngng tumor, contributing to
accelerated clinical deterioration is important. Wlaqually important to understand is

whether or not this disadvantages those with other typleger disease. What is needed
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in terms of additional analysis are outcome studieseggdadrg survival and quality of life
following transplantation for HCC to address whethenat this policy to provide extra
points to those with HCC is a prudent and use of resources.
Height

As the height of the recipient increases, the lthiartransplant increases, by
04% with every 1 centimeter increase in height whemnroding for MELD and all other
variables. Given the inability to implant a largeslivnto a smaller body habitus, with
the exception of implanting partial grafts, an issueattressed in this current study, this
disparity appears unavoidable.
Weight

Every 1 kilogram increase in weight showed a decreasadhaf transplant by 1
percent when controlling for MELD and all other factdtss unclear what this result
means. It would be logical to theorize that very loaight individuals and those of much
greater heights would be much less likely to receive atre@splant due to organ/body
size match issues. Issues for the smaller weightighehl could be due to size mismatch
between donor liver and recipient habitus. Issues &lattger weight individual,
especially if obese, could be due to concerns from tlgeeuarregarding longer
anesthesia time, concern about fat embolism and woegldthp issues once
immunosuppresed. All these concerns could result ingiesats decision not to
transplant patients on both ends of the weight contmw@unother issue not addressed in
this particular study. Despite all these valid concanosg of these issues were

substantiated in the model.
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Blood Type
Like the size-mismatch issue described above, bloodrggperes a compatible

match between liver and recipient. With blood-types@ aeference, blood types A, AB
and B all showed increased likelihood of liver transpkiomaat 12%, 38%, and 142%
respectively when controlling for MELD and all otherttas. There really are no
solutions that could mitigate this blood-type mismatch issite, the exception of
technological advances related to organ/ABO mismatbith is beyond the scope of
this research.
MELD

Since the intent of the MELD acuity scale is to pdavihose with the greatest acuity
the needed organs for transplant, if the score werkimgpas designed, the higher the
MELD the greater the likelihood of transplant. In thmsltivariate model this is indeed
the case. While holding all other variables constantvery one point increase in
MELD there is a 15 percent increased likelihood of beingsplanted, a result that is
congruent with the intent of the MELD system, to proadgans based on acuity level of

liver disease.

Summary of Multivariate M odel

This multivariate analysis provided data to support the hypeshtbsit despite the
implementation of an acuity based model of liver atam, significant disparities in
gender, race, and, geographical region can be found whéeoltog for all
predisposing, enabling and need variables including time perivdrsplant pre and

post MELD 15 implementation. In particular, the regibdisparities identified in this
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first multivariate analysis led to the constructiorseparate multivariate analyses for
each of the 11 UNOS regions. While controlling for thee predisposing, enabling and
need variables utilized in the overall multivariate mpdéladditional multivariate
analyses by UNOS region were run. Focus for thesgsasgaWwill be on differences in
time to transplant and the impact gender, race, pripaygr status and acuity have on

these differences.

Regional Timeto Transplant Statistics

This study appears to be the first to evaluate thosegp@sing, enabling and
need variables that explain time to transplant anchately access to liver transplant by
region in the current acuity-based allocation era.elimtransplant has disparate results
among the 11 UNOS Regions of liver allocation. Thisleaexplained by those
predisposing, enabling and need variables that Anderson (19@5jpdesHowever, no
consistent predictors exist, with the exception of thetg measure, MELD.

These regional findings indicate that each and evegyolRénas a very specific
set of predictor variables. Regional disparities provstingt for each of the 11 UNOS
Regions, however, issues of gender disparity were igkshiii Regions 2, 3, and 4.
Issues of racial disparity were identified in all bugl@s 1, 7 and 11. Issues of primary
payer disparity were identified in Regions 1, 2, 4, 7,8Eh And finally, issues of
differences in transplantation by diagnosis of HC&ensignificant in 7 of the 11 UNOS
regions. These regional findings require further fication and understanding,
however, identification of these disparities is tinst step in understanding that there are

problems with the current acuity-based allocation systéhe significance of the
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identified disparities by region creates a basis fecusion and further research related
to determining why these disparities exist. In additioardglwas a period effect in
regions 4,5,8,9,10 and 11, indicating that the MELD Sharel&5ad and impact on
hazard of transplant within these regions.

Distinct subsets of predisposing, enabling and need varapjesar to determine
the likelihood of liver transplant in each of the 11cfi@ UNOS regions. This makes it
difficult to prioritize the many areas of further raseh in regional disparity. Why do
certain variables matter in one region and not in an@tWérat has not been evaluated in
the context of allocation is that each and everyoregas their own variances (meaning
exceptions to the general allocation rules) and seleatiethods that are not
standardized, not to mention the impact of center setectiteria, clinical expertise of
the transplant team, other available therapies & &ed stage liver disease etc. Some or
all of these issues may contribute to the regiongladises identified. Further qualitative
as well as quantitative work to evaluate many of thedemsybased issues is essential.

These identified regional disparities imply that desghie success of the current
acuity-based allocation system, in terms of decreasethlity on the waiting list, there
are identified disparities across predisposing, enablingneed characteristics requiring
further study and analysis. Although the federal mandatiecrease mortality on the
wait list and develop an acuity-based model of orgatation was met, disparity across
gender, racial, payer status and diagnosis had not bedifiediegither before MELD
implementation or after, to any significant degree.

Geographic regional disparity, on the other hand, daesto the original IOM

report from 1998. Similar results were found when studyireglEsf the organ allocation
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system (1995-1998). Analyzing over 33,000 records of wait listrandlant patients,
statistical differences in wait time for non-acutsllpatients was found. In addition,
based on differences in volume of patients served byngsized OPOs,
recommendations to standardize the number of patiensdstd 9 million people was
recommended but never adopted (Gibbons, Meltzer, & Duan, 2bbons et al, 2003).

Now, ten years later, we have an acuity based nmibdehas decreased mortality
on the waiting list but continues to provide a geograplsipatity. It is not surprising
that this geographic disparity still exists given thereehaeen no policy changes to a
system where similar disparities were reported years Hgaever, now additional
disparities across gender and race among the entiregbiopund varying combinations
of disparity by region in terms of gender, race, payatus and diagnosis exist.

What was not evaluated in the current study were thmcteristics of each
Donor Service Area (DSA), Organ Procurement Organizg@0O) and Transplant
Center that would most assuredly help inform these ssstidisparity that have been
brought to light. In addition, local and regional vadas regarding allocation exist and
need to be considered when trying to understand these tespari

Important to note, however, is that these dispargest, whether or not
additional variables contribute to this disparity. lingperative that there be
acknowledgement of this issue of health disparity andraged study and policy

development to address these disparities occur.
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Limitations of the Study

There were limitations to this study, primarily relatediaéba availability and
analysis and competing risks. These limitations velbiscussed below.

Data. Data utilized for this study was extracted from a ldegkerally funded
dataset, making it a secondary analysis of previouslgatell data. Each element of
data reported is self-reported by either an organ procureagenty or a transplant
program, which, although verified by the United Network@gan Sharing, makes this
data dependent on systems and mechanisms of colleciocotld be problematic. In
addition, although data entry for all data points agaiested and required, reports can be
submitted that are not 100% complete.

This issue was problematic in the current study in regatiokt variable
educational level. Even though educational level wasiablarof significant interest in
the study and included in the database, it was not abke itclnded in the final
multivariate model because the percent of missing olts@ngafor this variable were too
high. Unfortunately, there was not a mechanism by wiaidbllow-up on the missing
values for this item.

In addition to missing data, given the size and compi@fithis data, significant
interface with an expert statistician was necessapughout the course of the study.
Although invaluable, this type of required support could linitife research in this area
due to what may become prohibitive financial costs. Urdesss a statistical expert,
utilizing a Cox regression analysis, especially on sucbxéensive database, could prove

untenable.
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The lack of education as a variable to be measurededgVienited the potential
strength of the study given the significance this enabliagadteristic may play in the
allocation process.

Analysis. Given the complexity and significant variables to bdyaea from
both a national and regional perspective, additiondiivaviate analyses using
interactions between specific variables were not uallert In particular, interactions
between MELD and region as well as region and radeegion and gender would have
strengthened the results of this study, regardless dinithags.

An additional multivariate analysis was run following ttenpletion of the study
with the interaction term gender*Race. This intemacttvas significant with g valueof
.0137 in the large model but only significant in one ofdleen regional analyses
(Region 4). Further study of this and other interactghtuld be undertaken in future
studies.

Competing RisksA study design decision made early on to exclude thbse w
died while waiting for liver transplant was made. Aligb this was an appropriate
decision given the aims of the research, this decisoaitd be criticized for several
reasons. Those patients that died or became too dicdngplant may, in fact, look very
different than those who were ultimately included inghedy, hence providing further
data to evaluate in terms of potential or perceived itiegui Including these patients
would have added an additional statistical challenge toedesarch but may have also
been able to inform the researcher regarding potentfatelfces in regional acuities that

were not accounted for in the research study performed.
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Implication for Future Research

There are many implications for future research. @hell be presented in terms
of Anderson’s predisposing, enabling and need variables.
Predisposing

Gender. Calculated glomerular filtration rate, either by CodttiGault or
MDRD method should be added as a variable to the multieamadel to determine if a
higher GFR increases the likelihood of transplantatidthis is the case, an interaction
between GFR and gender should also be added to the matitétmine if GFR
mediates the gender disparity seen in this original stifdyere is such an interaction
replication of the single center study by Cholangihd colleagues (2007) to further
evaluate renal dysfunction in males versus femalesuolyisg glomerular filtration rate
by “gold standard” of inulin secretion should be consder

Race. In terms of the racial disparities identified in thisdy, several areas need
further research. First, qualitative work in regard sodhcision making process of the
surgeon upon accepting an organ for transplant is a bddyefledge that would prove
invaluable to understanding the subjective nature of the @lfparation system. The
means by which decisions are made when accepting an orgapdaticular patient is an
area that has never been addressed. Issues of rasiatéiaot the only potential
considerations. There has been literature to suppoit¢heased incidence of rejection
in solid organ transplants among different racial granubsthis knowledge may certainly
contribute to decisions made during acceptance of an acogammsplant purposes.
Although there exist a very objective measure of aanty many algorithms specific to

the inner workings of every transplant center, it nes)a fact that when the call comes
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in to offer an organ to a program it is most oftenghigeon who decides if that organ is
suitable for the specific person it is being offeredAtihough substantiation is required
explaining why an organ is declined for a specific patitet,e may be yet unmeasured
reasons for decline, such as concern over immunologicaiction and/or gender or racial
bias based on a physiologic or socioeconomic basialughng these potential impacts,
although difficult to study, will be important to add t@tturrent body of knowledge
regarding disparity.

In addition, the measurement of language literacy, eédhefor the Hispanic
patient population may prove valuable in understanding diggsam likelihood of
transplant previously discussed under significance oflrdisiparity in this chapter.
Enabling

Age. There is significant additional research to be done agiand the issue of
the increasing age demographic in the transplant populadisisuggested in the
discussion, determining quality of life and survivals postdpéant may provide insight
into the value of the current system for the aging . In addition, determining if
higher risk donors and/or older aged donors prove to becaptable solution to the
growing need for organs among all aged populations, but ircplartifor the older
patient, could prove valuable as well. A qualitative aialsegarding physician attitude
and selection for this group, as discussed previously, wdaddoa an important area to
explore.

Education. Given that fact that education was not utilized due teingsdata,
future researchers must look for and identify ways tlude educational level in a future

studies. Perhaps using a smaller sample of those taabsplpatients for whom
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educational level from the UNOS database is availablddw@sult in acceptable data to
measure educational level. Important to do once educhlgeh were identified and if
found to be significant would be to interact educatioexal with race, region and gender
to determine if there is an impact on these resudtizparities.

Region. Additional analysis of regional disparities in teda to OPO size,
percentage of donors per million population served, timeber of transplant centers
served, the clinical expertise of the transplant te@mnter specific selection criteria and
the availability of other therapies to treat end stage disease along with regional
differences in allocation and consideration of thengng of exception points to the
MELD score by region should be undertaken.

Need

Diagnosis.Diagnosis, in particular the study of HCC, should ineadurvival and
quality of life following transplant to determine if thedvantage the allocation system
now provides the HCC patient in terms of likelihoodrahsplantation is appropriate.

Size. As discussed earlier with race and socioeconomic deraions, an
analysis of physician decision-making will inform the ggss of organ acceptance and
differences across centers.

Summary

This research study, undertaken to evaluate access ttréawsplant in the
current system of acuity-based organ allocation is imargimping off place to begin to
understand a federally-mandated system of resourcetalilochow it operates and the
variables that explain or help define the access padty that exists. Although the

results proved not only statistically significant innbsrof disparities across gender, race
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and geographical lines, the possibilities of future workwithis policy laden arena are
limitless. Continued evaluation of the identified digjes through further quantitative
and qualitative research regarding regional variability @ier decision making
processes involved with allocation will be importaneiglore.

Should this model of evaluating health care delivery systerove valuable and
informative, similar models to study allocation acro8®er organ systems could be
applied. In addition, evaluation of other treatmentmeg for chronic and acute disease
processes could be pursued with a similar model as well.

In summary, this research of the acuity based sysfdiver transplantation has
identified both disparities in the predisposing variablegemider and race as well as the
enabling variable, geography while controlling for all othexdisposing, enabling and
need variables. The first multivariate analysis provideé\aluation of the MELD 15
rule that illustrated the increased incidence of treamsation for those with MELDS > or
=151in 9 of the 11 UNOS Regions, a clear example of aesafid policy
implementation.

The second model helped explain the survival analysisiigeinby the Kaplan
Meier Method. Model 3 involved 11 additional Multivari#gealyses each explaining
separate UNOS regions and identified similar disparitieaddition to differences in
primary payer source and diagnosis by region. The metsssproved successful in
the ability to fulfill the aims set forth by the studyContinued work will be required to
further understand this complicated system of resourceadibn and access to care.

Perhaps this research contribution will help provide guidaa future researchers in
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their quest to understand the role of health policy iwvidnog for or evaluating a

framework for access.
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Appendix A

Research Studiesby Study Era and Variables

Researcher| Data Analysis | Data Source Eral| Era2 Era 3 Variables
(Date) Collection Pre- CPS MELD Studied
Dates CPS (1998-2002) | (since
(before 2/28/02)
1997)
Ahmed 2/27/02- UNOS X Geography
4/30/06
Cholangitis | ?suspect England ?2X Gender
(2007) current single center
Eckhoff 10/89 — 1/97 UNOS X Race
(1997)
Eckhoff 10/89 — 12/96 | UNOS X Race
(1998)
Ellison 1/20/98- UNOS X Geography
(2003) 12/31/00
Freeman 1/1/97 - UNOS X Race, age,
(2000) 12/31/97 Geography
Freeman 2/27/01 — UNOS & SS X Race, gender
(2004) 2/27/02 Death X geography
Registry
Results of | 2/27/02 —
1" YRof | 2/27/03
New
Allocation
System
Gibbons 1995 - 1999 UNOS X X (some Ena Race, gender
(1/2000) 2) geography,
acuity
Report of
IOM
review 7/99
Gibbons 1998 UNOS X Acuity,
(7/2000) geography
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Appendix A

Research Studiesby Study Era and Variables

Researcher Data Analysis Data Eral Era 2 Era 3 Variables
(Date) Collection Dates| Source Pre- CPS MELD Studied
CPS (1998- (since
(before | 2002) 2/28/02)
1997)
Gibbons (2003)| 1995 - 1999 UNOS X X Race,
gender,
Report of IOM geography,
review 7/99 acuity
Julapalli (2005)| 10/2002 — Single X Race, age
9/2003 VA
Center
Kemmer 2/02-10/05 UNOS X Geography
Klassen (1998) | 10/1/90-12/31/92 2 X Race, age,
gender
Merion (2004) | 7/97 — 6/00 UNOS X X Education,
Dual-Listing
Nair 1988 - 1996 UNOS X Race,
(2002) outcomes
Ozminkoski 1986-1987 HCUP X Gender, age
(1993) $,
geography,
race
Reid 1994 - 1998 Census | X X Gender,
(2004) & UNOS race, age
Roberts 4/1/02 — 4/1/03 UNOS X Geography
(2006)
Schaffer (2003)| 2/02 — 11/02 UNOS X Geography
Stahl 1993-2000 UNOS X X Geography
(2005)
Trotter-Osgood | 2/02 — 3/03 UNOS X Geography
(2004)
Tuttle-Newhall | 1988-1993 NC State X Age, gender,
(1997) discharge $,
data geography
Yoo (2004) 1987-2001 UNOS X X Race, $,
outcomes,
&, SES
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Appendix B
UNOS Transplant Candidate
Registration Form (TCR)

Provider Information

Recipient Center:

Candidate Information

Organ Registered: Date of Listing or Add:

Last Name: First Name: Ml:

Previous Surname:

SSN: Gender: (€ Male " C Female
HIC: DOB:

State of Permanent Residence:

Permanent ZIP Code: -

Is Patient waiting in permanent ZIP code: e Yyes( C No( UNK
Ethnicity/Race:

(select all origins that apply)

American Indian or Alaska Native

American Indian

Eskimo

Aleutian

Alaska Indian

American Indian or Alaska Native: Other

American Indian or Alaska Native: Not Specified/Unknown

11T
TTTTT

Asian

Asian Indian/Indian Sub-Continent
Chinese

Filipino

Japanese

Korean

Viethamese

Asian: Other

Asian: Not Specified/Unknown

T
|

Black or African American

African American

African (Continental)

West Indian

Haitian

Black or African American: Other

Black or African American: Not Specified/Unknown

-
[
r [
[
[
[
Hispanic/Latino
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Mexican
Puerto Rican (Mainland)
Puerto Rican (Island)
Cuban
Hispanic/Latino: Other
Hispanic/Latino: Not Specified/Unknown
[n
r o
r o
— [0
— [0
~ [0
Native Hawaiian or Other Pacific Islander
Native Hawaiian
Guamanian or Chamorro
Samoan
Native Hawaiian or Other Pacific Islander: Other
Native Hawaiian or Other Pacific Islander: Not Specified/Unknown
[N
[0
C [
— [
o

European Descent

Arab or Middle Eastern

North African (non-Black)
White: Other

White: Not Specified/Unknown

-

ey

@)
=
N
2]

U.S. CITIZEN
RESIDENT ALIEN

NON-RESIDENT ALIEN, Year Entered US
ear of Entry to the U.S.
ighest Education Level:

NONE
c GRADE SCHOOL (0-8)
c HIGH SCHOOL (9-12)
c ATTENDED COLLEGE/TECHNICAL SCHOOL
c ASSOCIATE/BACHELOR DEGREE
c POST-COLLEGE GRADUATE DEGREE
c N/A (<5 YRS OLD)
-
al
C
c
c
n

DIDED)
SN OS T

I <

D)

UNKNOWN
Condition at time of listing:

IN INTENSIVE CARE UNIT
HOSPITALIZED NOT IN ICU
NOT HOSPITALIZED
tient on Life Support: e vyes( C NO
M Ventilator
M Artificial Liver
r Other Mechanism, Specify

SHOHOHO NN

dic

nBaRole

T

Specify:
Functional Status:
Physical Capacity:

c C No Limitations
e Limited Mobility
c C Wheelchair bound or more limited
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e Not Applicable (< 1 year old or hospitalized)
c C Unknown

UNK

Working for income: e vyes( C No(

If No, Not Working Due To:

If Yes:

e Working Full Time

e Working Part Time due to Demands of Treatment

e Working Part Time due to Disability

e Working Part Time due to Insurance Conflict

e Working Part Time due to Inability to Find Full Time Work

e Working Part Time due to Patient Choice

e Working Part Time Reason Unknown

c Working, Part Time vs. Full Time Unknown

Academic Progress:

e Within One Grade Level of Peers

c c Delayed Grade Level

c C Special Education

c C Not Applicable < 5 years old

e Status Unknown

Academic Activity Level:

. C Full academic load

. C Reduced academic load

; C Unable to participate in academics due to disease or condition
C

M
R

Status Unknown
Previous Transplants:
Organ Date Graft Fail Date

Not Applicable < 5 years old/ High School graduate

If there are any prior transplants that are not listed here, please contact the UNet Help Desk to have the transplant

event added to the database by

calling 800-978-4334 or by emailing unethelpdesk@unos.org.
Previous Pancreas Islet Infusion: c vyes( C
Source of Payment:

Primary:

Specify:

Secondary:

Clinical Information: AT LISTING

Height: ft. in. cm %ile ST=

Weight: Ibs kg %ile ST=

BMI: %ile

ABO Blood Group:

Primary Diagnosis:

Specify:

Secondary Diagnosis:

Specify:

General Medical Factors:

Diabetes:

- C No

e Type |

e Type ll

e Type Other

e Type Unknown

o C Diabetes Status Unknown

Dialysis:

e No dialysis

e Hemodialysis

e Peritoneal Dialysis

c C CAVH: Continuous Arteriovenous Hemofiltration
c C CV VH: Continuous Venous/Venous Hemofiltration
e Dialysis Status Unknown

c C

Dialysis-Unknown Type was performed
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Peptic Ulcer:

(e No

c C Yes, active within the last year

c C Yes, not active within the last year

. C Unknown

Angina:

(e No

c C Yes, and documented Coronary Artery Disease

c C Yes, with no documented Coronary Artery Disease

c C Yes, but Coronary Artery Disease unknown

e Status Unknown

Drug Treated Systemic Hypertension: e vyes( C No( O
Symptomatic Cerebrovascular Disease:

. C yEsC C no(C C UNK

Symptomatic Peripheral Vascular Disease: e Yyes( C No
Drug Treated copD: ( C vyes( C No( UNK
Pulmonary Embolism: e vyes( C No (O C UNK
Any previous Malignancy: e yesC C No (O C UNK
Specify Type:

rr Skin Melanoma

o Skin Non-Melanoma

o CNS Tumor

[ r Genitourinary

o Breast

[ r Thyroid

[ r Tongue/Throat/Larynx

[ r Lung

r Leukemia/Lymphoma

rr Liver

rr Other, specify

Specify:
Most Recent Serum Creatinine: mg/dl Name:
Liver Medical Factors

Name: (O ves( C Nno( C UNK

Previous Upper Abdominal Surgery: c C vyes( C No(
Spontaneous Bacterial Peritonitis: e vyesC C No (O C
History of Portal Vein Thrombosis: e vyes( C No (O O
History of TIPSS: (€ vyes( C Nno (O C UNK
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Appendix C
UNOS Transplant Recipient
Registration Form (TRR)

Name: DOB:

SSN: Gender:

HIC: Tx Date:

State of Permanent Residence:
Permanent Zip: -
Provider Information
Recipient Center:
Surgeon Name:

UPIN#:

Donor Information
UNOS Donor ID #:

Donor Type:

Patient Status

Primary Diagnosis:
Specify:

Date of: Report or Death:
Patient Status:

. C LIVING

. C DEAD

c C RETRANSPLANTED
Primary Cause of Death:
Specify:

Contributory Cause of Death:
Specify:

Contributory Cause of Death:
Specify:

Transplant Hospitalization:

Date of Admission to Tx Center:

Date of Discharge from Tx Center:

Was patient hospitalized during the last 90 days prior

to the transplant admission: c C YEsC C Nno(  C UNK
Medical Condition at time of transplant:

e IN INTENSIVE CARE UNIT

e HOSPITALIZED NOT IN ICU

e NOT HOSPITALIZED

Patient on Life Support: e vyes( C NO

o Ventilator

o Artificial Liver

r Other Mechanism, Specify

Specify:

Functional Status:
Physical Capacity:
o

e No Limitations

c C Limited Mobility

c C Wheelchair bound or more limited

c C Not Applicable (< 1 year old or hospitalized)

c C Unknown

Working for income: e yes( C No(C O UNK
If No, Not Working Due To:

If Yes:

e Working Full Time

e Working Part Time due to Demands of Treatment
; ; Working Part Time due to Disability

Working Part Time due to Insurance Conflict
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e Working Part Time due to Inability to Find Full Time Work
e Working Part Time due to Patient Choice

e Working Part Time Reason Unknown

c C Working, Part Time vs. Full Time Unknown

Academic Progress:

c C Within One Grade Level of Peers

c C Delayed Grade Level

c C Special Education

c C Not Applicable < 5 years old

e Status Unknown

Academic Activity Level:

c C Full academic load

c C Reduced academic load

c c Unable to participate in academics due to disease or condition
c C Not Applicable < 5 years old/ High School graduate

c C Status Unknown

Source of Payment:

Primary:

Specify:

Secondary:

Clinical Information : PRETRANSPLANT

Height: ft. in. cm %ile ST=

Weight: Ibs kg %ile ST=

BMI: %ile

Previous Transplants:

Previous Transplant Organ Previous Transplant Date Previous Transplant Graft Fail Date
If there are any prior transplants that are not listed here, please contact the UNet Help Desk to have the transplant
event added to the database by

calling 800-978-4334 or by emailing unethelpdesk@unos.org.

Viral Detection:

Have any of the following viruses ever been tested for:

(HIV, CMV, HBV, HCV, EBV)

C

c vyes( C NO
Hv: O C yesC € NO
Test Result
Was there clinical disease (ARC, AIDS): ( C vyes( C No( UNK
Antibody:
c C Positive
e Negative
c C Not Done
c C UNK/Cannot Disclose
RNA:
c C Positive
c C Negative
e Not Done
c C UNK/Cannot Disclose
cmv: O C vyesC € NO
Test Result
Was there clinical disease: vyes( C Nno(C O UNK
19G:
c C Positive
e Negative
c C Not Done
o C UNK/Cannot Disclose
IgM:
e Positive
c C Negative
e Not Done
e UNK/Cannot Disclose
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Nucleic Acid Testing:

e Positive
c C Negative
e Not Done
e UNK/Cannot Disclose
Culture:
c C Positive
e Negative
c C Not Done
c C UNK/Cannot Disclose
Hev: O C vyesC € NO
Test Result
Was there clinical disease: vyes( C No
Liver Histology:
C Positive
e Negative
e Not Done
e UNK/Cannot Disclose
Core Antibody:
e Positive
c C Negative
e Not Done
c C UNK/Cannot Disclose
Surface Antigen:
c C Positive
e Negative
c C Not Done
c C UNK/Cannot Disclose
Surface Antibody:
c C Positive
e Negative
o C Not Done
e UNK/Cannot Disclose
E Antigen
e Positive
c C Negative
e Not Done
e UNK/Cannot Disclose
HBYV DNA:
e Positive
c C Negative
c C Not Done
c C UNK/Cannot Disclose
HDV (Delta Virus):
c C Positive
e Negative
c C Not Done
c C UNK/Cannot Disclose
Hov: O C yesC € NO
Test Result
Was there clinical disease: vyes( C No
Liver Histology:
e Positive
c C Negative
e Not Done
e UNK/Cannot Disclose
Antibody:
e Positive
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c C Negative

e Not Done

o C UNK/Cannot Disclose
RIBA:

c C Positive

e Negative

c C Not Done

c C UNK/Cannot Disclose
HCV RNA:

c C Positive

e Negative

c C Not Done

e UNK/Cannot Disclose
eBv: . C YEsC C NO
Test Result

Was there clinical disease: e vyes( C No
19G:

e Positive

c C Negative

e Not Done

e UNK/Cannot Disclose
IgM:

c C Positive

e Negative

c C Not Done

c C UNK/Cannot Disclose
EBV DNA:

c C Positive

e Negative

c C Not Done

c C UNK/Cannot Disclose
Any tolerance induction technique used: e YES O

Pretransplant Lab Date:

SGPT/ALT: U/L ST=

Specify:

Clinical Information : TRANSPLANT PROCEDURE
Multiple Organ Recipient

Were extra vessels used in the transplant procedure:
Surgical Procedure:

. C ORTHOTOPIC
c C HETEROTOPIC
Procedure Type:
Whole Liver
Partial Liver, remainder not Tx or Living Transplant
Split Liver

Whole Liver with Pancreas (Technical Reasons)
Partial Liver with Pancreas (Technical Reasons)
Split Liver with Pancreas (Technical Reasons)

slelelelele!
7D NHNND

Split Type:

Preservation Information:

Warm Ischemia Time (include anastomotic time): min ST=
Total Cold Ischemia Time (if pumped, include pump
time): hrs ST=

Risk Factors:

Did Patient receive 5 or more units of packed red

blood cells within 48 hours prior to transplantation

due to spontaneous portal hypertensive bleeding:
e ves( C Nno( C UNK

Spontaneous Bacterial Peritonitis: c C yes( C
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Previous Abdominal Surgery: e yes( C No (O C UNK

Portal Vein Thrombosis: € YEsC C Nno( C UNK

Transjugular Intrahepatic Portacaval Stint Shunt: e vyes( C No( UNK
Incidental Tumor found at time of Transplant: c C YyesC C No (O C UNK
If yes, specify tumor type:

c C Hepatocellular Adenoma

e Hemangioma

e Hemangioendothelioma

e Angiomyolipoma

e Bile Duct Cystadenocarcinoma

e Cholangiocarcinoma

e Hepatocellular Carcinoma

e Hepatoblastoma

e Angiosarcoma

e Other Primary Liver Tumor, Specify

Specify:

Clinical Information : POST TRANSPLANT

Pathology Conf. Liver Diag. of Hospital Discharge:

Specify:

Graft Status: Functioning e Failed

If death is indicated for the recipient, and the death was a result of some other factor unrelated to graft failure,
select Functioning.

Date of Graft Failure:

Causes of graft failure:

Primary Graft Failure C vyesC € no(C C UNK

Vascular Thrombosis (€ YEsC C Nno( C UNK

Biliary Tract Complication e vyes( C No (O C UNK
Hepatitis: DeNovo ( vyes( C No (O C UNK

Hepatitis: Recurrent e vyes( C No( UNK

Recurrent Disease (non-Hepatitis) e vyes( C No (O C UNK
Acute Rejection yesC € no (o O UNK

Infection C © YEsC C Nno(C C UNK

Other, Specify:

Discharge Lab Date:

Total Bilirubin: mg/dl ST=

SGPT/ALT: U/L ST=

Serum Albumin: g/dl ST=

Serum Creatinine: mg/dl ST=

INR: ST=

Did patient have any acute rejection episodes
between transplant and discharge:

c C Yes, at least one episode treated with anti-rejection agent

c C Yes, none treated with additional anti-rejection agent

(e No

Was biopsy done to confirm acute rejection:

c C Biopsy not done

c C Yes, rejection confirmed

c Yes, rejection not confirmed

Treatment

Biological or Anti-viral Therapy: c C vyes( C No (O C Unknown/Cannot disclose

If Yes, check all that apply:

Acyclovir (Zovirax)

Cytogam (CMV)

Gamimune

Gammagard

Ganciclovir (Cytovene)
Valgancyclovir (Valcyte)

HBIG (Hepatitis B Immune Globulin)
Flu Vaccine (Influenza Virus)

EEEEEEREE
B o e e e e
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M Lamivudine (Epivir) (for treatment of Hepatitis B)
M Other, Specify
r Valacyclovir (Valtrex)

T

Specify:

Specify:

Other therapies:

. C yEsC C NO

If Yes, check all that apply:

[ Photopheresis

[ r Plasmapheresis

r Total Lymphoid Irradiation (TLI)

Immunosuppressive Information
Are any medications given currently for maintenance

or anti-rejection: c c vyes( C NO
Did the patient participate in any clinical research

protocol for immunosuppressive medications: c C yesC C NO

If Yes, Specify:

Immunosuppressive Medications

View Immunosuppressive Medications

Definitions Of Immunosuppressive Medications

For each of the immunosuppressive medications listed, select Ind (Induction), Maint (Maintenance) or AR (Anti-
rejection) to indicate all medications

that were prescribed for the recipient during the initial transplant hospitalization period, and for what reason. If a
medication was not given, leave the

associated box(es) blank.

Induction (Ind) immunosuppression includes all medications given for a short finite period in the perioperative
period for the purpose of preventing

acute rejection. Though the drugs may be continued after discharge for the first 30 days after transplant, it will not
be used long-term for

immunosuppressive maintenance. Induction agents are usually polyclonal, monoclonal, or IL-2 receptor antibodies
(example: Methylprednisolone,

Atgam, Thymoglobulin, OKT3, Simulect, or Zenapax). Some of these drugs might be used for another finite period
for rejection therapy and would be

recorded as rejection therapy if used for this reason. For each induction medication indicated, write the total
number of days the drug was actually

administered in the space provided. For example, if Simulect or Zenapax was given in 2 doses a week apart, then
the total number of days would be

2, even if the second dose was given after the patient was discharged.

Maintenance (Maint) includes all immunosuppressive medications given before, during or after transplant for
varying periods of time which may be

either long-term or intermediate term with a tapering of the dosage until the drug is either eliminated or replaced by
another long-term maintenance

drug (example: Prednisone, Cyclosporine, Tacrolimus, Mycophenolate Mofetil, Azathioprine, or Rapamycin). This
does not include any

immunosuppressive medications given to treat rejection episodes, or for induction.

Anti-rejection (AR) immunosuppression includes all immunosuppressive medications given for the purpose of
treating an acute rejection episode

during the initial post-transplant period or during a specific follow-up period, usually up to 30 days after the
diagnosis of acute rejection (example:

Methylprednisolone, Atgam, OKT3, or Thymoglobulin). When switching maintenance drugs (example: from
Tacrolimus to Cyclosporine; or from

Mycophenolate Mofetil to Azathioprine) because of rejection, the drugs should not be listed under AR
immunosuppression, but should be listed under

maintenance immunosuppression.

If an immunosuppressive medication other than those listed is being administered (e.g., new monoclonal
antibodies), select Ind, Maint, or AR next to

Other Immunosuppressive Medication field, and enter the full name of the medication in the space provided. Do
not list non-immunosuppressive

medications.

Ind. Days ST

Steroids

(Prednisone,Methylprednisolone,Solumedrol,Medrol,Decadron) [
Atgam (ATG) o
OKT3 (Orthoclone, Muromonab) [
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Thymoglobulin o

Simulect - Basiliximab R
Zenapax - Daclizumab o
Azathioprine (AZA, Imuran) o
EON (Generic Cyclosporine) o
Gengraf (Abbott Cyclosporine) M [_[

Other generic Cyclosporine, specify brand: M [_[
Neoral (CyA-NOF) (I
Sandimmune (Cyclosporine A) M [_[

Mycophenolate Mofetil (MMF, Cellcept, RS61443) M [_[
Tacrolimus (Prograf, FK506) o
Sirolimus (RAPA, Rapamycin, Rapamune) M [_[
Myfortic (Mycophenolate Sodium) M [_[
Other Immunosuppressive Medications
Ind. Days ST Maint AR
Campath - Alemtuzumab (anti-CD52) o [0 o
Cyclophosphamide (Cytoxan) m o o o
Leflunomide (LFL) o o o
Methotrexate (Folex, PFS, Mexate-AQ,
Rheumatrex) o o o
Rituimab [ [0 I [0 [ [0
Other Immunosuppressive Medication, Specify M [_[ I I
Other Immunosuppressive Medication, Specify o o o
Investigational Immunosuppressive Medications
Ind. Days ST Maint AR
Everolimus (RAD, Certican) o o o
FTY 720
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Appendix D
Descriptive Statistics for UNOS Regions

Region 1 In Region 1 (Connecticut, Maine, Massachusetts, Nemsaire,
Rhode Island, Eastern Vermont) males comprised 74.8 perctd transplanted group
which was predominantly white (86.4 percent) between the&ges60 (66.6 percent)
with a mean age of 51.26 years, high school educated (41déhpemith private
insurance (66.4 percent), blood type O (43.4 percent), meant i&if). 99cm, mean
weight 84.69kg and a mean MELD score of 21.60. The most cordragnosis of
transplant recipients in Region 1 was cirrhosis/o(42r76 percent). Non-transplants in
Region 1 were also predominantly male (67.5 percent), (& percent), between the
ages of 46-60 (67.7 percent) with a mean age of 51.44 yearstiedatckvel not
disclosed, with private insurance (62.1 percent), blood ®049.8 percent), mean height
171.64cm, mean weight 82.66kg and a mean MELD score of 14.6Imd3tecommon
diagnosis in Region 1 for those not transplanted wesosis/other (51.12 percent).
Comparing these transplanted patients with those timinced to wait for a liver during
this same timeframe, the descriptive statistics wikitatistically different at gp value
<.0001

Region 2 In Region 2 (Delaware, District of Columbia, MarytamNew Jersey,
Pennsylvania, West Virginia, Northern Virginia) maleswpoised 72.2 percent of the
transplanted group which was predominantly white (79.3 perdeityeen the ages of
46-60 (62.1 percent) with a mean age of 52.54 years, non-repddedtional level (45.2
percent), with private insurance (58.1 percent), blood ®$40.2 percent), mean height
173.3cm, mean weight 85.76kg and a mean MELD score of 19.25.d3tecammon

diagnosis of transplant recipients in Region 2 wabasis/other (52.87 percent). Non
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transplants in Region 1 were also predominantly n&teb(percent ), white (79.4
percent), between the ages of 46-60 (61.2 percent) wittaa age of 52.54 years, high
school educated (41.1 percent), with private insurance (61.8mpgrblood type O (47.1
percent), mean height 172.03cm, mean weight 84.95kg and a nkdD $¢ore of

14.27. The most common diagnosis in Region 2 for thos&ansplanted was
cirrhosis/other (55.41 percent). Comparing these ttantgd patients with those that
continued to wait for a liver during this same timefrarhe,descriptive statistics were all
statistically different at g value <.0001.

Region 3 In Region 3 (Alabama, Arkansas, Florida, Georgia, Liang,
Mississippi’'s, Puerto Rico), males comprised 67.88 perdehedransplanted group,
which was predominantly white (76.0 percent), between the @igé6-60 (59.6 percent)
with a mean age of 52.46 years, high school educated (33einpemith private
insurance (63.9 percent), blood type O (44.8 percent), mednt i&i8.66cm, mean
weight 85.12kg and a mean MELD score of 19.69. The most cordragnosis of
transplant recipients in Region 3 was cirrhosis/o(66r52 percent). Non-transplants in
Region 3 were also predominantly male (57.6 percent), Wht& percent), between the
ages of 46-60 (61 percent) with a mean age of 53.27 years, edat#ivel not
disclosed (38.5 percent), with private insurance (58.7 perdaobd type O (48.2
percent), mean height 170.97cm, mean weight 83.68kg and a nkdn 8¢ore of
15.21. The most common diagnosis in Region 3 for thos&ransplanted was
cirrhosis/other (60.75 percent). Comparing these ttantgd patients with those that
continued to wait for a liver during this same timefrarhe,descriptive statistics were all

statistically different at g value <.0001.
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Region 4 In Region 4 (Oklahoma, Texas), males comprised 64.8 pevtém
transplanted group which was predominantly white (67.4 perdeityeen the ages of
46-60 (64.3 percent) with a mean age of 51.27 years, educasesihot reported (43.2
percent), with private insurance (62.8 percent), blood @$49.3 percent), mean height
172.18cm, mean weight 85.53kg and a mean MELD score of 19.77.08teoammon
diagnosis of transplant recipients in Region 4 wabasis/other (58.81 percent). Non
transplants in Region 4 were also predominantly ntdeB(percent), white (64.6
percent), between the ages of 46-60 (64.6 percent) wittaa age of 52.61 years,
educational level not disclosed (38.3 percent), with privaterance (65.7 percent),
blood type O (52.1 percent), mean height 170.27cm, mean v&idilkg and a mean
MELD score of 12.83. The most common diagnosis in &tedifor those not
transplanted was cirrhosis/other (61.39 percent). Cangptiese transplanted patients
with those that continued to wait for a liver during tasne timeframe, the descriptive
statistics were all statistically different atpavalue <.0001.

Region 5 In Region 5 (Arizona, California, Nevada, New Mexicoak) males
comprised 69 percent of the transplanted group which wasmnedotly white (60
percent), between the ages of 46-60 (62.7 percent) wittaa age of 51.89 years, high
school educated (33 percent), with private insurance (5¢c@m, blood type O (42.5
percent), mean height 172.18cm, mean weight 84.65kg and a nkdD $¢ore of
22.18. The most common diagnosis of transplant re¢gpiarRegion 5 was
cirrhosis/other (55.93 percent). Non-transplantsagi® 5 were also predominantly
male (61.8 percent), white (55.4 percent), between thecdgés60 (63.7 percent) with a

mean age of 52.86 years, high school educated (34.2 percigmrmate insurance (60
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percent), blood type O (52.1 percent), mean height 170.02cm, wesght 82.18kg and
a mean MELD score of 14.43. The most common diagmo&ilegion 5 for those not
transplanted was cirrhosis/other (58.74 percent). Cangptiese transplanted patients
with those that continued to wait for a liver during tasne timeframe, the descriptive
statistics were all statistically different atpavalue <.0001.

Region 6 In Region 6 (Alaska, Hawaii, Idaho, Montana, OregoasWihgton),
males comprised 69 percent of the transplanted group whichredsminantly white
(80.7 percent), between the ages of 46-60 (66.8 percent) widaa age of 51.43 years,
college educated (47.5 percent), with private insurance (5émggrblood type O (45.7
percent), mean height 172.97cm, mean weight 85.61kg and a nk€D $¢ore of
18.80. The most common diagnosis of transplant re¢gpiarRegion 6 was
cirrhosis/other (53.83 percent). Non transplants igidte6 were also predominantly
male (64.5 percent), white (83.7 percent), between thecdigés60 (68.4 percent) with a
mean age of 52.77 years, college educated (46 percentprivile insurance (55.1
percent), blood type O (46.3 percent), mean height 171.77cm, wesght 84.43kg and
a mean MELD score of 12.84. The most common diagmo&ilegion 6 for those not
transplanted was cirrhosis/other (56.41 percent). Cangptiese transplanted patients
with those that continued to wait for a liver during tasne timeframe, the descriptive
statistics were all statistically different atpavalue <.0001.

Region 7 In Region 7 (lllinois, Minnesota, North Dakota, Soutrkbia,
Wisconsin), males comprised 65 percent of the transplaymeup which was
predominantly white (76.5 percent), between the ages of 46-6D{B&ent) with a

mean age of 52.52 years, high school educated (37.5 percigm)rmate insurance
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(57.5 percent), blood type O (41 percent), mean height 172.28zam weight 85.97kg
and a mean MELD score of 21.33. The most common diagobsiansplant recipients
in Region 7 was cirrhosis/other (41.37 percent). Nansplants in Region 7 were also
predominantly male (59 percent), white (80.8 percent), betweeages of 46-60 (66.6
percent) with a mean age of 52.71 years, high school edu@a percent), with
private insurance (64.7 percent), blood type O (48.1 percerd)) hwght 171.48cm,
mean weight 86.18kg and a mean MELD score of 15.78. Theamoshon diagnosis in
Region 7 for those not transplanted was cirrhosisiqtie49 percent). Comparing these
transplanted patients with those that continued to fea# liver during this same
timeframe, the descriptive statistics were all diaadly different at ap value <.0001.
Region 8 In Region 8 (Colorado, lowa, Kansas, Missouri, NetsasVyoming),
males comprised 66.6 percent of the transplanted group whaglpredominantly white
(84.3 percent), between the ages of 46-60 (64.7 percent) widaa age of 51.31 years,
high school educated (48 percent), with private insurancpdi®nt), blood type O
(42.7 percent), mean height 173.90cm, mean weight 86.12kg arahaMize D score of
20.08. The most common diagnosis of transplant re¢gpiarRegion 8 was
cirrhosis/other (52.03 percent). Non-transplantsagi® 8 were also predominantly
male (64 percent), white (78.8 percent), between the dgés@&0 (66.6 percent) with a
mean age of 50.79 years, high school educated (48 percehtjprivate insurance (68.2
percent), blood type O (48.4 percent), mean height 171.81cm, weaght 82.69kg and
a mean MELD score of 13.99. The most common diagmo&ilegion 8 for those not
transplanted was cirrhosis/other (46.83 percent). Cangptiese transplanted patients

with those that continued to wait for a liver during tasne timeframe, the descriptive
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statistics were all statistically different atpavalue <.0001.

Region 9 In Region 9 (New York, Western Vermont), males congatig0.4
percent of the transplanted group which was predominanthg 8.2 percent), between
the ages of 46-60 (57.5 percent) with a mean age of 53.74 gdarstional level not
disclosed (40.1 percent), with private insurance (62.1 perdagabd type O (39.8
percent), mean height 171.43cm, mean weight 84.45kg and a niddn 8dore of
20.78. The most common diagnosis of transplant re¢gpiarRegion 9 was
cirrhosis/other (56.62 percent). Non-transplants inidgteg were also predominantly
male (62.9 percent), white (68.2 percent), between thecdgés60 (63.9 percent) with a
mean age of 53.88 years, educational level not disclosed i(&&npe with private
insurance (66 percent), blood type O (46.5 percent), meart H&§1Y8cm, mean weight
83.13kg and a mean MELD score of 13.43. The most commonosiggn Region 9 for
those not transplanted was cirrhosis/other (62.33 pgrc@amparing these transplanted
patients with those that continued to wait for a ligering this same timeframe, the
descriptive statistics were all statistically diffierat a p value <.0001.

Region 10 In Region 10 (Indiana, Michigan, Ohio), males comprised 6Zep¢
of the transplanted group which was predominantly white (83epéy; between the ages
of 46-60 (62.5 percent) with a mean age of 52.28 years, higlolsetiucated (64.1
percent), with private insurance (67.6 percent), blood ®¢¢1.3 percent), mean height
173.25cm, mean weight 86.96kg and a mean MELD score of 17.68.0teammon
diagnosis of transplant recipients in Region 10 wakasis/other (46.57 percent). Non
transplants in Region 10 were also predominantly n&fe/ (percent), white (86.7

percent), between the ages of 46-60 (68.4 percent) wittaa age of 53.39 years, high
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school educated (45 percent), with private insurance (68cémt, blood type O (47.1
percent), mean height 171.68cm, mean weight 84.58kg and a nkdD $¢ore of

13.89. The most common diagnosis in Region 10 for thos&ansplanted was
cirrhosis/other (52.39 percent). Comparing these tfantgad patients with those that
continued to wait for a liver during this same timefrarhe,descriptive statistics were all
statistically different at g value <.0001.

Region 11 In Region 11 (Kentucky, North Carolina, South Carolih@anessee,
Virginia), males comprised 72.3 percent of the transptbgteup which was
predominantly white (85.6 percent), between the ages of 46-Gfke(6dnt) with a mean
age of 51.73 years, high school educated (38.2 percent), withgomsurance (54.2
percent), blood type O (43.6 percent), mean height 174.06cm, weaght 87.33kg and
a mean MELD score of 19.36. The most common diagndsiarmsplant recipients in
Region 11 was cirrhosis/other (54.48 percent). Norsfrants in Region 11 were also
predominantly male (64.4 percent), white (85.1 percent), leetwes ages of 46-60 (67.4
percent) with a mean age of 52.47 years, high school edu@&eercent), with private
insurance (57.8 percent), blood type O (49.5 percent), mednt i&i8.73cm, mean
weight 86.31kg and a mean MELD score of 14.04. The most cardiagnosis in
Region 11 for those not transplanted was cirrhosis/¢@t88 percent). Descriptive
statistics for transplant and non-transplant patidatgg this same time frame are

statistically different at @ value <.0001.
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Appendix E
Characteristics of UNOS Data of Transplanted Patients
for Continuous Variables by Region
2002-2007 (N = 17,118)

Vari abl e Regi on N Mean SD Medi an Cl P- Val ue
Age 1 440 51. 26 9.17 52.00 50. 00- 52. 00 <. 0001
2 2227 52.24 9.53 52.00 52.00-53. 00
3 3031 52. 46 10. 07 53. 00 52.00-53. 00
4 1745 51.27 9.24 52.00 51. 00-52. 00
5 2003 51. 89 9.03 52.00 52.00-53. 00
6 587 51.43 9.11 52.00 52.00-53. 00
7 1542 52.52 9.74 53. 00 52.00-53. 00
8 1081 51.31 9.37 52.00 51. 00-53. 00
9 1248 53.74 9.76 54.00 53. 00- 55. 00
10 1660 52.28 9.29 53. 00 52.00-53. 00
11 1554 51.73 9.18 52.00 52.00-53. 00
Hei ght 1 438 171.99 9.901 172.72 170.18-172.72  <.0001
2 2212 173.35 9.76 172.72 172.72-175. 26
3 3017 172. 66 10. 16 172.72 172.72-172.72
4 1741 172.18 10. 28 172.72 172.72-172.72
5 1990 172.10 10. 12 172.72 172.72-172.72
6 586 172.97 9.86 173. 00 172.72-175. 00
7 1538 172. 28 10. 26 172.72 172.72-172.72
8 1079 173.90 10. 37 175. 26 172.72-175. 26
9 1231 171. 43 9.81 172.72 170. 18- 172.72
10 1657 173. 25 9.91 175. 26 172.72-175. 26
11 1550 174. 06 9.80 175. 26 175. 26- 175. 26
Wei ght 1 440 84.69 18.57 83.92 82.10- 86. 18 <. 0001
2 2218 85.76 19. 84 83. 46 82.10-84.15
3 3023 85.12 20. 35 83. 46 82.55-83. 92
4 1742 85.53 18.76 83.96 83. 46- 85. 28
5 1997 84. 65 19. 34 83. 46 82.10-84. 00
6 587 85.61 18. 11 85. 00 83.01-86. 18
7 1539 85.97 21.27 83.92 82.55-85. 20
8 1081 86. 12 17.77 84.82 83.92-86. 32
9 1245 84.45 19. 60 82.10 81.65-83.91
10 1651 86. 96 19. 08 85.73 84.37-86. 18
11 1549 87.33 18. 34 85.28 84.37-86. 64
MELD 1 440 21. 60 8.31 20. 00 19. 00- 20. 00 <. 0001
2 2225 19. 25 7.83 18. 00 17.00-18. 00
3 3024 19. 69 7.26 18. 00 18. 00-19. 00
4 1743 19. 77 7.78 18. 00 18. 00-18. 00
5 2000 22.18 9.59 20. 00 19. 00- 20. 00
6 584 18. 80 6.98 17.00 17.00-18. 00
7 1541 21.33 8.90 19. 00 19. 00- 20. 00
8 1079 20. 08 7.75 18. 00 18. 00-19. 00
9 1246 20.78 9.78 19. 00 18. 00-19. 00
10 1649 17.68 6.99 16. 00 16. 00-17. 00
11 1554 19. 36 7.04 18. 00 18. 00-18. 00
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Appendix F
Characteristics of UNOS Data of Non-Transplanted Patients
for Continuous Variables by Region
2002-2007 (N = 15,448)

Vari abl e Regi on N Mean SD Medi an Cl P- Val ue
Age 1 616 51.44 8.61 52.00 51. 00-53. 00 <. 0001
2 2370 52.54 9.71 53. 00 53. 00- 54. 00
3 1190 53.27 9.73 53. 00 53. 00- 54. 00
4 1679 52.61 8. 97 53. 00 53. 00-53. 00
5 3823 52. 86 8.92 53. 00 53. 00-53. 00
6 361 52.77 8.93 54.00 53. 00- 55. 00
7 1373 52.71 9.76 53. 00 53. 00- 54. 00
8 725 50.79 9.11 52.00 51. 00-53. 00
9 1710 53.88 9.37 54.00 54.00-55. 00
10 664 53.39 8. 87 54.00 53. 00 54.00
11 937 52.47 8. 82 54.00 53. 00- 54. 00
Hei ght 1 614 171. 64 10. 23 172.72 170.18-172.72  <.0001
2 2358 172.03 10. 29 172.72 172.72-172.72
3 1181 170. 97 10. 39 170. 18 170. 18- 172.72
4 1673 170. 27 10. 68 170. 18 170. 18- 170. 18
5 3796 170. 02 10. 63 170. 18 170. 18- 170. 18
6 361 171. 77 10. 34 172.72 170. 18- 173. 00
7 1366 171. 48 10. 00 172.00 170. 18- 172.72
8 724 171.81 10. 54 172.72 172.70-172.72
9 1685 169. 78 9.78 170. 18 170. 18- 170. 18
10 664 171.68 10. 16 172.72 170. 18- 172.72
11 935 172.73 10. 08 172.72 172.72-175. 26
Wei ght 1 611 82. 66 19.11 80.74 78.93-82.10 <. 0001
2 2361 84.95 20. 29 82.10 81.65-83.01
3 1187 83.68 19.98 82.55 81. 00- 83. 92
4 1672 84.50 19. 36 82.53 81.19-83.92
5 3802 82.18 19. 47 80. 10 79.38-81.00
6 361 84.43 18. 46 83.92 82. 55-86. 40
7 1368 86. 18 21.77 83. 46 82.00-84. 90
8 723 82.69 18. 09 81. 65 79.83-83. 46
9 1709 83.13 18. 90 81.19 79.83-81.65
10 663 84.58 19. 67 83. 46 81. 65-86. 00
11 937 86.31 18.50 85.28 83.91-86. 64
MELD 1 616 14. 61 6.57 13. 00 13. 00-14. 00 <. 0001
2 2370 14. 27 7.07 13. 00 12.00-13.00
3 1190 15.21 6.73 14.00 13. 00-14. 00
4 1679 12.83 5.29 12. 00 12.00-12. 00
5 3823 14. 43 6. 89 13. 00 13. 00-13. 00
6 361 12.84 5.15 12. 00 11.00-12.00
7 1373 15.78 8. 49 14.00 13. 00-14. 00
8 725 13.99 6. 00 13. 00 13. 00-13. 00
9 1710 13. 43 7.54 11.00 11.00-12.00
10 664 13.89 6.55 12. 00 12.00-13. 00
11 937 14. 04 6. 46 13. 00 12.00-13.00
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