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THE OPTIMUM LEVEL OF MELD TO MINIMIZE THE MORTALITY ON
LIVER TRANSPLANTATION WAITING LIST, AND LIVER TRANSPLANTED

PATIENT IN SAO PAULO STATE, BRAZIL

MELHOR NIVEL DO MELD PARA MINIMIZAR A MORTALIDADE EM LISTA DE TRANSPLANTE DE FIGADO NO

ESTADO DE SAO PAULO, BRASIL

Eleazar CHAIB', Jodo Luiz Erbs PESSOA?”, Claudio José STRUCHINER®”, Luiz Augusto Carneiro D’ALBUQUERQUE'",

Eduardo MASSAD?

ABSTRACT - BACKGROUND: After validation in multiple types of liver disease patients, the MELD score
was adopted as a standard by which liver transplant candidates with end-stage liver disease were
prioritized for organ allocation in the United States since 2002, and in Brazil, since 2006. AIMS:
To analyze the mortality profile of patients on the liver transplant waiting list correlated to MELD
score at the moment of transplantation. METHODS: This study used the data from the Secretary of
Health of the Sdo Paulo State, Brazil, which listed 22,522 patients, from 2006 (when MELD score was
introduced in Brazil) until June 2009. Patients with acute hepatic failure and tumors were included
as well. We also considered the mortality of both non-transplanted and transplanted patients as a
function of the MELD score at presentation. RESULTS: Our model showed that the best MELD score
for patients on the liver transplant waiting list associated to better results after liver transplantation
was 26. CONCLUSIONS: We found that the best score for applying to liver transplant waiting list in
the State of Sdo Paulo was 26. This is the score that minimizes the mortality in both non-transplanted
and liver transplanted patients.

HEADINGS: Transplantation. Liver Cirrhosis. Hospital Mortality. Checklist. Biological Models.

RESUMO - RACIONAL: Desde 2002, ap6s validagdo em multiplos tipos de hepatopatias, o escore MELD
foi adotado como padrédo pelo qual os candidatos a transplante de figado com doenga hepatica
terminal tém sido priorizados para alocagdo de 6rgdos nos Estados Unidos, e em 2006 no Brasil.
OBJETIVOS: Analisar a mortalidade de pacientes em lista de espera para transplante de figado
correlacionando com o MELD, no momento do transplante. METODOS: Foram utilizados os dados
da Secretaria de Saude do Estado de Sao Paulo, Brasil, onde foram listados 22.522 pacientes, desde
2006 (quando o escore MELD foi introduzido no Brasil) até junho de 2009. Foram incluidos pacientes
com faléncia hepética e tumores. A mortalidade de pacientes ndo transplantados e transplantados
também foi considerada em funcdo do escore MELD. RESULTADOS: Nosso modelo mostrou que o
melhor valor do MELD, em pacientes em lista de espera para transplante e com melhores resultados,
foi de 26. Este valor minimiza mortalidade em pacientes ndo transplantados bem comem pacientes
na lista de espera para transplante de figado. CONCLUSOES: O escore MELD 6timo para entrar na
lista de espera para transplante de figado, no estado de Sao Paulo, é em torno de 26. Esse é o valor
que minimiza a mortalidade tanto dos pacientes nao transplantados em lista de espera, quanto dos
submetidos a transplante de figado.

DESCRITORES: Transplante. Cirrose Hepatica. Mortalidade Hospitalar. Lista de Checagem. Modelos Biolégicos.
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Figure 5 — Mortality rates for transplanted and
non-transplanted patients as a function of model
for end-stage liver disease score at presentation.
Continuous lines represent average and dotted
lines the respective 95% confidence interval.
MELD: model for end-stage liver disease; LTWL:
liver transplant waiting list.

Central Message

The MELD system has an immediate impact
on the liver transplant scenario leading to a
reduction in the number of registrants on the
waiting list for the first time ever, and a 15%
reduction in mortality among these patients
as well. Since the introduction of MELD as the
primary allocation system, there has been an
ongoing effort to improve this mathematical
prioritization model.

Perspectives

The optimum MELD score to enter the liver
transplant waiting list, in Sdo Paulo State, is
around 26. This is the value found that minimizes
mortality of both non-transplanted patients in
the waiting list and those that underwent liver
transplantation surgery.
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INTRODUCTION

he Model for End-Stage Liver Disease (MELD) score was

Toriginally developed and validated to assess the short-

term prognosis of patients with cirrhosis undergoing the
transjugular intrahepatic portosystemic shunt (TIPS) procedure™.

It was, thereafter, validated in multiple types of liver
disease patients and adopted as a standard to prioritize organ
allocation for liver transplant candidates with end-stage liver
disease in the United States since 20022 and in Brazil since 2006.

This scoring system utilizes three widely available laboratory
values: total bilirubin (g/dL), creatinine (g/dL), and international
normalized ratio (INR) of prothrombin time™.

The MELD system has an immediate impact on the liver
transplant setting that leads to a reduction in the number of
registrants on the waiting list for the first time ever, and a 15%
reduction in mortality among thse patients®"". Since the introduction
of MELD as the primary allocation system, there has been an
ongoing effortto improve this mathematical prioritization model™.

Despite substantial advancesin liver transplantation techniques,
there is still a growing number of accumulating patients on the
waiting list. The ultimate goal of the allocation systemis the balance
between justice and utility, which means optimizing the use of
scarce donororgan resource and reducing liver transplant waiting
list (LTWL) mortality, besides maximizing long-term outcome'™,

Our aim was to analyze the mortality profile of patients
on the LTWL, using a model to estimate the optimum level of
MELD score for both patients, those entering the waiting list
and those that will undergo liver transplantation surgery in
Sado Paulo State, Brazil.

METHODS

Forthis study, we utilized the data from the Secretary of Health
of the Sdo Paulo State, Brazil, which listed 22,522 patients, from
2006 (when MELD score was introduced in Brazil) until June 2009.

We began by assuming that patients with liver failure
present themselves along a short time interval (T) with MELD
scores (s) of variables magnitudes. In the liver tumor model case,
we call this interval "&quot;at presentation&quot;”. During this
interval we assumed that liver failure patients (N) are included
in the transplantation waiting list, and that livers (F) are available
to these patients. Note that, we employed the same notation
as in the model for liver tumors presented in prior publication?.

Were considered the mortality of non-transplanted
and transplanted patients as a function of the MELD score at
presentation. Figure 1 shows the probability density function
of the MELD score of those 22,552 patients at presentation.

MELD: model for end-stage liver disease; LTWL: liver transplant waiting list.

Figure 1 - Survival in the liver transplant waiting list of non-
transplanted patients as a function of model for
end-stage liver disease at presentation.

RESULTS

Among the 22,552 patients listed in the LTWL from 2006
to 2019, a total of 6,121 were transplanted and 16,431 were
not transplanted. Of the transplanted individuals, 2,401 died in
the period, whereas 4,779 of the non-transplanted died in the
list. This represents a total mortality of 39.2% for transplanted
and 29% for non-transplanted patients.

We applied the Pearson'’s chi-square test (3?) to compare
the significance (p) of the above difference, which resulted
in %2 = 195.667 with p < 0.00001. This higher mortality rate
among transplanted patients compared to non-transplanted
patients on the list requires further investigation and
this is the reason this analysis is presented in the future
perspective chapter.

The survival of both groups of patients along 16 years
of analysis as a function of the MELD score at presentation
for the non-transplanted and transplanted patients is shown
in Figures 1 and 2, respectively. As can be observed in these
figures, there is no difference between the two groups (Mann-
Whitney U test: 11,777; p=0.56).

Subsequently, we calculated the probability of death for
both groups along the 16 years of analysis as a function of
MELD score at presentation. Figures 3 and 4 show the results
forthe non-transplanted and transplanted patients, respectively.

Inthis regard, the forms of the curves are entirely different
from each other. The probability of death of non-transplanted
patients growths logarithmically, whereas the probability of
death of transplanted patients growths exponentially.

MELD: model for end-stage liver disease; LTWL: liver transplant waiting list.
Figure 2 - Survival of transplanted patients as a function of
model for end-stage liver disease at presentation.
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MELD: model for end-stage liver disease; LTWL: liver transplant waiting list.
Figure 3 - Death probability in the liver transplant waiting list
of non-transplanted patients as a function of model
for end-stage liver disease at presentation. Dots
represent real data, solid line the average fitting
and dotted lines the 95% confidence interval.
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Optimizing the meld score at entrance in the liver
transplant waiting list

As for the case of liver tumors® the optimization model
used is based on four assumptions, namely,

1.The mortality rates of non-transplanted o, .and transplanted
o, liver failure patients are calculated from the actual mortality
probabilities, according to the equations:

ms=0/s (M
and
ts=eds 2

Where e is the MELD score at presentation and o, &
and B are the parameters obtained from the fitting of the
Figures 3 and 4. Equations (1) and (2) assume that MELD
scores increase with time, and so do the mortality rates.
Equations (1) and (2) are illustrated in Figure 5, in which
the mortality rates for both the transplanted and non-
transplanted patients are presented as a function of the
MELD score at presentation.

The probability of surviving after T years for non-
transplanted and transplanted patients, n_(s) and m(s),
respectively, as a function of their MELD score s at the time
individuals are included in the transplantation program, is
given by:

y = 0.1822¢0-0284
R?=0.9456

0 10 20 30 40 50 60
MELD score at entrance in the LTWL

MELD: model for end-stage liver disease; LTWL: liver transplant waiting list.

Figure 4 - Death probability of transplanted patients as a function

of model for end-stage liver disease at presentation.

Dots represent real data, solid line the average fitting

and dotted lines the 95% confidence interval.
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MELD: model for end-stage liver disease; LTWL: liver transplant waiting list.

Figure 5 - Mortality rates for transplanted and non-transplanted
patients as a function of model for end-stage liver
disease score at presentation. Continuous lines
represent average and dotted lines the respective
95% confidence interval.

nts=expf)(-ntT) 3)
and
ts=expf((-tT) 4)

Equations (3) and (4) result in survival probabilities after
T years that are in agreement with the real data, as shown in
Figure 1. They were used to calculate the forms and parameters
of equations (1) and (2).

2. The mortality of both transplanted and non-transplanted
patients is a monotonically increasing function of MELD score
at presentation, as shown in Figures 3 and 4 (MELD score is,
therefore, taken as an indication of gravity).

3.The number of available livers to be grafted, F, is limited
and always less than the total number of liver failure patients,
N, who have transplantation indication.

4. Finally, the MELD score, s, at the time individuals are
included in the transplantation program, is distributed for the
liver failure population according to an exponential distribution,
according to the equation:

fs,A=eAs (5)

Where A is the rate parameter of the distribution. This
implies that in a liver failure population, many individuals
have MELD scores of small magnitudes and few individuals
have scores of large magnitudes. Again, this distribution of
MELD score is performed at the time the patients enter the
transplantation program. The cumulative distribution function
(CDF) is given by:

Fs,A=0sesdt="1-e\s (6)

Equation (6) means the probability that a given liver failure
patient has MELD score equal or less than s.

From the model of Chaib et al.8, we obtain the number
of non-transplanted patients with MELD score greater than
score s, at presentation as:

NsOpsds=NsOesds )
and, among those, the survivors after time T are:
NsOeAsentsTds 8)

Hence, the total number of survivors after time T who
were not transplanted is:

NTS=NO0sO1-FNe-Ase-ntsTds+NsOe-Ase-ntsTds 9)

Therefore, the total survival is obtained by adding equations
(8) and (9):

Survivors=F0sOe-AsetsTds+NTS (10)
Finally, the total mortality is given by:
MsO=N-Survivors an

To calculate the optimal transplantation strategy, we
now determine the MELD score that can be transplanted
and find both s and min[M(s)]. The result can be seen in
the Figure 6.

Note that the optimum MELD score to enter the LTWL
is around 26. This is the value that minimizes mortality
of both non-transplanted patients on the LTWL and
transplanted patients.
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MELD: Model for End-Stage Liver Disease; LTWL: liver transplant waiting list.

Figure 6 - Total mortality in the liver transplant waiting list and

intransplanted patients after 5 years as a function of

model forend-stage liver disease score at presentation.

DISCUSSION

This paper applied a model originally designed to optimize
liver transplantation in liver tumors patients®. The model provides
a mathematical framework upon which an optimal strategy for
organ allocation can be planned considering the MELD scores
of patients in the LTWL.

Theincreased mortality of patients awaiting liver transplantation
and the scarcity of donors’ organs induced efforts to improve
allocation criteria for liver transplant candidates. The introduction
of the MELD system in the United States for graft allocation
resulted in a 3.5% reduction in the waiting list mortality, whereas
the early-stage survival of liver transplant recipients remained
unchanged, despite the more serious selection of ill patients
for transplantation™ .

Although MELD eliminates subjective assessments and
shows accuracy in predicting the outcome in patients with
decompensated cirrhosis, it has several limitations'®'”. One of
the limitations of the MELD score is that its components were
found to independently and individually predict death on the
waiting list™®.

The major reason forimplementing MELD was to decrease
the number of deaths of the waiting list patients, providing each
patient with an identical probability of receiving a transplant
at presumed fixed condition levels.

Previously, priority was determined by a more complex
system, in which the waiting list time and patient condition,
classified in semiquantitative way, were linked (the presence
of encephalopathy and ascites as well as the waiting time and
patient location). It was established as an ultimate goal, to
end the privilege of selecting the candidate on a clinical basis,
considering various parameters such as the primary disease,
degree of residual liver function, extrahepatic involvement,
waiting list time, and donor-related risk, which was once a
prerogative of the transplant surgeon.

The implementation of the new liver allocation system in
our state, MELD (2006), has required a change in the disease
severity score. In the pre-MELD era, the number of liver transplants
increased 1,86-fold’; however, the number of patients on the
LTWL increased 3,44-fold>® and the number of deaths of the
waiting list patients increased 2,06-fold. This fact s reflected by
the significant increase of the median MELD score at the time
of liver transplant as well as by decreased median waiting time.
We found that the median time on the waiting list decreased
only for the patients who were submitted to liver transplant,
whereas a significant proportion of patients with lower MELD
scores were likely to have much longer waiting times.

After the implementation of MELD, we observed that
the number of liver transplants increased 1.43-fold from 2006

4/5

to 2012; the number of patients on the LTWL was slightly
reduced 0.95-fold. The number of deaths was significantly
reduced 2.02-fold.

Numerous studies have investigated, with varying results,
the prognostic value of the MELD score for early and late post-
transplant survival™.

At our hospital, the recipients with a MELD score of 20-29
received organs fulfilling at least one extended donor criterion
significantly more frequently. For the present study, we applied
the model originally designed to optimize liver transplantation
in patients with liver tumors3. It provides a mathematical
framework upon which an optimal strategy for organ allocation
can be designed considering the MELD scores of patientsin the
LTWL. With this model, we developed an optimal MELD score
to enter LTWL minimizing the total number of deaths, both in
patients on the list and in those transplanted.

REFERENCES

1. AhmadJ, Downey KK, Akoad M, Cacciarelli TV. Impact of the MELD
score on waiting time and disease severity in liver transplantation
inUnited Statesveterans. Liver Transpl.2007;13(11):1564-9. https://
doi.org/10.1002/1t.21262

2. Brandao A, Fuchs SC, Gleisner AL, Marroni C, Zanotelli ML,
Cantisani G, et al. MELD and other predictors of survival after
liver transplantation. Clin Transplant. 2009;23(2):220-7. https://
doi.org/10.1111/j.1399-0012.2008.00943 .x

3. ChaibE, AmakuM, CoutinhoFA, LopezLF,BurattiniMN, D, Albuquerque
LA, et al. A mathematical model for optimizing the indications of
liver transplantation in patients with hepatocellular carcinoma.
TheorBiolMed Model.2013;10:60. https://doi.org/10.1186/1742-
4682-10-60

4. Chaib E, Figueira ER, Brunheroto A, Gatti AP, Fernandes DV,
D'Albuquerque LA. Does the patient selection with MELD score
improveshort-termsurvivalinlivertransplantation? Arq Bras Cir Dig.
2013;26(4):324-7.https://doi.org/10.1590/s0102-67202013000400014

5. Chaib E, Massad E. Comparing the dynamics of kidney and
liver transplantation waiting list in the state of Sao Paulo, Brazil.
Transplantation.2007;84(9):1209-11. https://doi.org/10.1097/01.
tp.0000287192.32090.2b

6. Chaib E, Massad E. Expected number of deaths in the liver
transplantation waiting list in the state of Sdo Paulo, Brazil.
Transpl Int. 2008;21(3):290-1. https://doi.org/10.1111/j.1432-
2277.2007.00600.x

7. Chaib E, Massad E. Liver transplantation: waiting list dynamics in
the state of Sdo Paulo, Brazil. Transplant Proc. 2005;37(10):4329-
30. https://doi.org/10.1016/j.transproceed.2005.11.014

8. Chaib E, Massad E. The potential impact of using donations after
cardiacdeath on the liver transplantation program and waiting list
in the state of Sdo Paulo, Brazil. Liver Transpl. 2008;14(12):1732-6.
https://doi.org/10.1002/1t.21611

9. Fink MA, Angus PW, Gow PJ, Berry SR, Wang BZ, Muralidharan V,
etal. Livertransplantrecipientselection: MELD vs.clinical judgment.
Liver Transpl. 2005;11(6):621-6. https://doi.org/10.1002/1t.20428

10. Freeman Jr RB, Wiesner RH, Roberts JP, McDiarmid S, Dykstra
DM, Merion RM. Improving liver allocation: MELD and PELD. AmJ
Transplant.2004;4 Suppl 9:114-31. https://doi.org/10.1111/j.1600-
6135.2004.00403.x

11. Freeman RB, Wiesner RH, Edwards E, Harper A, Merion R, Wolfe
R, et al. Results of the first year of the new liver allocation plan.
Liver Transpl. 2004;10(1):7-15. https://doi.org/10.1002/1t.20024

12. Freitas ACT, Espinoza FDS, Mattar CA, Coelho JCU. Indication for
liver transplantation due to hepatocellular carcinoma: analysis
of 1,706 procedures over the past decade in the state of Parana.
Arq Bras Cir Dig. 2022;35:e1701. https://doi.org/10.1590/0102-
672020220002e1701

ABCD Arq Bras Cir Dig 2023;36:e1746


https://doi.org/10.1002/lt.21262
https://doi.org/10.1002/lt.21262
https://doi.org/10.1111/j.1399-0012.2008.00943.x
https://doi.org/10.1111/j.1399-0012.2008.00943.x
https://doi.org/10.1186/1742-4682-10-60
https://doi.org/10.1186/1742-4682-10-60
https://doi.org/10.1590/s0102-67202013000400014
https://doi.org/10.1097/01.tp.0000287192.32090.2b
https://doi.org/10.1097/01.tp.0000287192.32090.2b
https://doi.org/10.1111/j.1432-2277.2007.00600.x
https://doi.org/10.1111/j.1432-2277.2007.00600.x
https://doi.org/10.1016/j.transproceed.2005.11.014
https://doi.org/10.1002/lt.21611
https://doi.org/10.1002/lt.20428
https://doi.org/10.1111/j.1600-6135.2004.00403.x
https://doi.org/10.1111/j.1600-6135.2004.00403.x
https://doi.org/10.1002/lt.20024
https://doi.org/10.1590/0102-672020220002e1701
https://doi.org/10.1590/0102-672020220002e1701

13.

Kamath PS, Wiesner RH, Malinchoc M, Kremers W, Therneau TM,
Kosberg CL, et al. A model to predict survival in patients with
end-stage liver disease. Hepatology. 2001;33(2):464-70. https://
doi.org/10.1053/jhep.2001.22172

Malinchoc M, Kamath PS, Gordon FD, Peine CJ, RankJ, ter Borg PC.
Amodelto predict poorsurvivalin patientsundergoing transjugular
intrahepatic portosystemicshunts. Hepatology.2000;31(4):864-71.
https://doi.org/10.1053/he.2000.5852

Pinto LEV, Coelho GR, Coutinho MMS, Torres OJM, Leal PC, Vieira
CB, et al. Risk factors associated with hepatic artery thrombosis:
analysisof 1050livertransplants. Arg Bras Cir Dig.2021;33(4):e1556.
https://doi.org/10.1590/0102-672020200004e1556

ABCD Arq Bras Cir Dig 2023;36:e1746

THE OPTIMUM LEVEL OF MELD TO MINIMIZE THE MORTALITY ON LIVER
TRANSPLANTATION WAITING LIST, AND LIVER TRANSPLANTED PATIENT IN SAO PAULO STATE, BRAZIL

16.

17.

18.

Voigt MD, Zimmerman B, Katz DA, Rayhill SC. New national liver
transplant allocation policy: is the regional review board process
fair? Liver Transpl. 2004;10(5):666-74. https://doi.org/10.1002/
[t.20116

Wiesner R, Edwards E, Freeman R, Harper A, Kim R, Kamath P,
et al. Model for end-stage liver disease (MELD) and allocation
of donor livers. Gastroenterology. 2003;124(1):91-6. https://doi.
org/10.1053/gast.2003.50016

Wiesner R, Lake JR, Freeman RB, Gish RG. Model for end-
stage liver disease (MELD) exception guidelines. Liver
Transpl.2006;12(12 Suppl 3):S85-7. https://doi.org/10.1002/
[t.20961

5/5


https://doi.org/10.1053/jhep.2001.22172
https://doi.org/10.1053/jhep.2001.22172
https://doi.org/10.1053/he.2000.5852
https://doi.org/10.1590/0102-672020200004e1556
https://doi.org/10.1002/lt.20116
https://doi.org/10.1002/lt.20116
https://doi.org/10.1053/gast.2003.50016
https://doi.org/10.1053/gast.2003.50016
https://doi.org/10.1002/lt.20961
https://doi.org/10.1002/lt.20961

