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ABSTRACT - Background — In Brazil, the Model for End-Stage Liver Disease (MELD) score is used to prioritize patients for deceased donor liver trans-
plantation (DDLT). Patients with hepatocellular carcinoma (HCC) receive standardized MELD exception points to account for their cancer risk of

mortality, which is not reflected by their MELD score. Objective — To compare DDLT rates between patients with and without HCC in Rio Grande

do Sul, the Southernmost state of Brazil. Methods — We retrospectively studied 825 patients on the liver-transplant waiting list from January 1, 2007,

to December 31, 2016, in a transplant center located in Porto Alegre, the capital of Rio Grande do Sul, to compare DDLT rates between those with
and without HCC. The time-varying hazard of waiting list/ DDLT was estimated, reporting the subhazard ratio (SHR) of waiting list/ DDLT/dropout
with 95% confidence intervals (CI). The final competing risk model was adjusted for age, MELD score, exception points, and ABO group. Results
— Patients with HCC underwent a transplant almost three times faster than patients with a calculated MELD score (SHR 2.64; 95% CI 2.10-3.31;
P<0.001). The DDLT rate per 100 person-months was 11.86 for HCC patients vs 3.38 for non-HCC patients. The median time on the waiting list was
5.6 months for patients with HCC and 25 months for patients without HCC. Conclusion — Our results demonstrated that, in our center, patients on
the waiting list with HCC have a clear advantage over candidates listed with a calculated MELD score.
HEADINGS - Liver transplantation. Hepatocellular carcinoma. Organ transplantation. Healthcare disparities.

INTRODUCTION

With the primary objective of reducing mortality among pa-
tients on the waiting list for deceased donor liver transplantation
(DDLT), in July 2006, the Brazilian National Transplant System
(Sistema Nacional de Transplantes, SNT), coordinated by the Bra-
zilian Ministry of Health", changed the criteria for allocation of
deceased donor allografts, which were based exclusively on time
on the waiting list, to severity-based criteria. The SNT adopted
the Model for End-Stage Liver Disease (MELD) scoring system to
rank patients according to their clinical urgency. The MELD score,
which is calculated using serum bilirubin, international normalized
ratio (INR) of prothrombin time, and serum creatinine, provides
an objective score to accurately determine the risk of short-term
mortality for patients with chronic liver disease®?.

However, the MELD score may not reflect prognosis in all
cases, as it is based on liver function, and some conditions require
prioritization because they do not share similar mortality rates and
may have disease progression as a driving factor. In patients with
hepatocellular carcinoma (HCC), the cancer rather than paren-
chymal disease, reflected by the MELD score, may determine the
prognosis. In the MELD-based allocation system, wait-listed HCC
patients, many of whom with preserved synthetic liver function,
would be competing for scarce donor grafts with noncompetitive

determinants of priority, i.e., lower MELD scores. Based on stud-
ies on tumor growth that estimated a waiting list dropout rate of
15% for one tumor <2 cm and of 30% for one tumor 2-5 cm or
2-3 tumors, <3 cm each, in the United States, it was determined
that the MELD scores for these patients should be 24 and 29,
respectively®. Additional “exception points” were granted every
three months if the patient with HCC remained within the Milan
criteria®”. Therefore, in that country, in parallel to the introduction
of the MELD score and priority exception points for patients with
HCC, the percentage of DDLT performed for HCC increased from
7% to 22%, and most patients underwent a transplant within three
months of waiting list registration®. Furthermore, compared with
non-HCC patients, candidates with HCC have been consistently
shown to have greater access to DDLT and lower dropout rates®'?.

In the United States, in order to avoid the prioritization of HCC
patients over other patients on the DDLT waiting list, adjustments
and changes have been made to these “exception points”. Thus,
since 2015, patients with a new initial HCC exception application
must be registered with their calculated MELD (cMELD) score.
At six months, candidates will receive a score of 28. Extensions
are applied every three months and, if granted, the MELD score
is increased to 30, 32, and then 3419,

In Brazil, since the introduction of the MELD score for allo-
cation of deceased donor grafts, standardized MELD exception
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points that are assigned by the SNT to patients with HCC have
not been changed, and their impact on allocation has not been
evaluated. The objective of this study was to compare DDLT rates
between patients with and without HCC in Rio Grande do Sul, the
Southernmost state of Brazil.

METHODS

Study population

This was a retrospective cohort study. Eligible participants
were all patients aged >18 years, of both sexes, who were listed
for DDLT from January 2007 to December 2016 in a transplant
center located in Porto Alegre, the capital of Rio Grande do Sul.

Patients on the waiting list due to severe acute liver failure,
need for liver retransplantation, and approved non-HCC exception
points were excluded.

The primary exposure was HCC. To this end, candidates ap-
proved for HCC exception points (HCC candidates) were identi-
fied and their waiting list outcomes were compared to those of
candidates without HCC (non-HCC candidates). Patients were
followed until December 31, 2017, to potentially have at least
1-year follow-up.

This study followed the guidelines for reporting observational
studies"¥ and was approved by the institutional research ethics com-
mittee. Informed consent was waived due to the non-interventional
design of the study and retrospective nature of data collection. All
investigators signed a data use agreement to ensure the ethical and
secure use of the data.

Priority for patients with HCC

Patients with HCC are included in the waiting list with excep-
tion points when imaging tests based on the Barcelona Consensus
Statements!'¥ and the Guidelines of the American Association
for the Study of Liver Diseases!!? identify one lesion >2 cm and
<5 cm, or two or three >2 cm and <3 cm, with no indication for
resection. In other words, lesions <2 ¢m are not considered a small
modification of the Milan criteria. Tumor progression on chest
tomography and bone scintigraphy should be excluded. In our
center, when the expected waiting time for liver transplantation is
greater than six months, patients receive locoregional therapy: per-
cutaneous ethanol injection (PEI), radiofrequency ablation (RFA),
or transcatheter arterial chemoembolization (TACE), according
to the number, size and location of nodules'®. HCC patients are
included in the waiting list with the following extra points granted:
20 points at listing, 24 after three months, and 29 after six months.
Patients receive increasing points as long as they continue to meet
the Brazilian modified Milan criteria”. In Rio Grande do Sul, since
its implementation, the number of points assigned to patients with
HCC has not been changed.

Waiting list mortality/dropout

For the purposes of this analysis, a waiting list mortality/
dropout for an HCC registration occurred for any of the follow-
ing withdrawals: death on the waiting list; patient is too sick to
undergo a transplant; or contraindication related to HCC (de-
fined as tumor progression beyond the modified Milan criteria,
metastatic disease, and/or presence of macrovascular invasion
on imaging examination). A waiting list mortality/dropout for
non-HCC registration was defined similarly, except for the with-
drawals related to HCC.
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Statistical analysis

Patient characteristics were expressed as mean and standard
deviation for continuous variables and as counts and percentages
for categorical variables. Groups were compared using Student’s
test or the Mann-Whitney test for continuous variables. Categorical
variables were compared using Pearson’s chi-square test or Fisher’s
exact test as appropriate.

In addition to the Cox regression model, the time-varying
hazard of waiting list/DDLT was also estimated, reporting the
subhazard ratio (SHR) of waiting list/ DDLT/dropout with 95%
confidence intervals (CI) in a competing risk (CR) model. To this
end, the Fine and Gray method'” was used, where the association
between DDLT and HCC was estimated while accounting for the
CR of mortality. This method does not censor the occurrence of
death while on the waiting list, thus allowing direct modeling of
the subdistribution of the cumulative incidence function of waiting
list/ DDLT/dropout™®. Fifty-three candidates were excluded from
the CR analysis: 29 for clinical improvement (none of them with
HCC); 10 for leaving the waiting list (five with HCC); and 14 for
being transferred to another transplant center (five with HCC).
The final CR model was adjusted for age, MELD score, exception
points, and ABO group. Patients who were still on the waiting list
were censored on December 31, 2017. Data on demographic char-
acteristics, MELD score on the day of inclusion, date of inclusion,
death, exclusion, transplantation, and liver function parameters
were recorded for each patient in the cohort.

Data were analyzed using IBM-SPSS version 22.0 (IBM, Ar-
monk, NY, USA) and R version 3.6.0 using the cmprsk package.
P<0.05 was considered statistically significant.

Ethical approval

This study was approved by the institutional Research Ethics
Committee (approval number: 1.417.586). Informed consent was
waived due to the non-interventional design of the study and
retrospective nature of data collection. All investigators signed a
data use agreement to ensure the ethical and secure use of the data.

RESULTS

Study population

From January 1, 2007, to December 31, 2016, 950 patients were
listed for DDLT, of whom 125 were excluded from the analysis for
the following reasons: need of transplantation for acute liver failure
(n=27); retransplantation (n=42); and non-HCC priority exception
points (n=46). Therefore, the cohort consisted of 825 patients, divided
into two groups: 396 patients listed with a cMELD score and 429
with approved HCC priority exception points for those meeting the
Brazilian modified Milan criteria: nodule of at least 2 cm (one lesion
>2 ¢cm and <5 c¢m, or two or three >2 cm and <3 cm) (FIGURE 1).

Demographic data for the groups with and without HCC are
shown in TABLE 1. At study entry, patients with HCC were older
than patients listed with a cMELD score (median age, 58.3%£7.2
vs 55.0£10.0 years; P<0.001). Most patients were white men with
cirrhosis associated with hepatitis C virus. HCC candidates had
significantly lower cMELD scores at study entry than non-HCC
candidates (mean * SD: 18.19+4.7 vs 11.8+4.7; P<0.001).

HCC and DDLT
A Cox regression model of time to DDLT and a CR model
for HCC were fitted to the data to compare waiting list outcomes.
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FIGURE 1. Flowchart of deceased donor liver transplantation (DDLT)
candidates to be included in the study, according to calculated MELD or
hepatocellular carcinoma exception points, January 2007 — December
2016, in Southern Brazil.

TABLE 1. Demographics and clinical parameters of 825 patients included
in the waiting list for DDLT stratified according to HCC status — Porto
Alegre, Rio Grande do Sul, Brazil.

Patients Patients listed
Patients characteristics listed with  without HCC P-value
HCC (n=429) (n=396)

‘jgs%at listing (years), mean  5g 5 55 55.0:10.0  <0.001
Male, n (%) 288 (67.1) 276 (69.7) 0.429
Etiology of liver disease, n (%) <0.001

Hepatitis B 16 (3.7) 21 (5.3)

Hepatitis C 325 (75.8) 192 (48.5)

Hepatitis B+C 0(0.0) 6(1.5)

Alcohol 43 (10.0) 86 (21.7)

NASH 27 (6.3) 20 (5.1)

Cryptogenic 6(1.4) 27 (6.8)

Autoimmune* 11 (2.6) 43 (10.9)

Other 1(0.2) 1(0.3)
Ethnicity, n (%)

White 389 (90.7) 346 (88.0) 0.321
Blood type, n (%) 0.122

A 202 (47.1) 155 (39.1)

B 42(9.8) 39(9.8)

AB 13 (3.3) 13 (3.0)

O 172 (40.1) 189 (47.7)
Calculated MELD score at 11.843.6 18.1+4.7 20.001

inclusion, mean +SD

DDLT: deceased donor liver transplantation; HCC: hepatocellular carcinoma; NASH: nonal-
coholic steatohepatitis; MELD: Model for End-Stage Liver Disease. *Autoimmune hepatitis,

primary biliary cholangitis, primary sclerosing cholangitis, and hemochromatosis.

Factors included in the model were age, MELD score, exception
points, and ABO group. Candidates with HCC on the waiting list
for DDLT had better outcomes than candidates included with a
c¢cMELD score. Patients listed with HCC underwent a transplant
almost three times faster than patients listed with a cMELD score
(SHR 2.64;95% CI 2.10-3.31; P<0.001) (FIGURE 2). In addition,
the DDLT rate per 100 person-months was 11.86 for patients with
HCC vs 3.38 for candidates with a cMELD score. The median time
on the waiting list was 5.6 months and 25 months for patients with
HCC and a cMELD score, respectively.
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FIGURE 2. Kaplan-Meier chart representing the transplant rate between
HCC and non-HCC patients.

Dropout/mortality

Patients with a cMELD score were 2.39 times more likely to
be excluded or to die on the waiting list than patients with HCC
(HR 0.42; 95% CT 0.29-0.60; P<0.001). The event rate per 100
person-months was 2.93 for patients with a cMELD score vs 1.20
for patients with HCC.

The most common causes of death in both groups with and
without HCC were complications of liver disease (24.3% vs 25.3%
respectively), infectious causes (13% vs 37% respectively), and
cardiovascular causes (7.7% vs 7.5% respectively).

DISCUSSION

After the implementation of the MELD-based allocation
system, coupled with HCC exception points, studies in large
North American databases have shown that patients with HCC
consistently had greater access to DDLT and lower dropout rates
than candidates included in the waiting list without HCC®1%:1219),
Consequently, the liver allocation policy adopted by the United
Network for Organ Sharing (UNOS) for HCC patients was altered
to reduce this distortion®. Currently, in the United States, HCC
patients are listed with a cMELD score in the first six months on
the list. Patients who are still within the transplant criteria after six
months receive a MELD score of 28, which increases every three
months, up to a maximum of 349,

In Brazil, the MELD score has been used in the allocation of
grafts for DDLT since 20061. To allow access to liver transplantation
for patients with HCC within the Brazilian modified Milan criteria

Arg Gastroenterol ® 2020. v. 57 n° 1 jan/mar ¢ 21



Rodriguez S, Fleck Jr AM, Mucenic M, Marroni C, Brandao A.

Hepatocellular carcinoma patients are advantaged in the current Brazilian liver transplant allocation system. A competing risk analysis

(one tumor 2-5 cm or 2-3 tumors of 2-3 cm each), HCC patients
are granted extra points: 20 points at listing, 24 after three months,
and 29 after six months. In our setting, after the implementation of
the MELD score in graft allocation, the number of HCC patients
undergoing a transplant increased in the post-MELD era®'-?,

Patients listed for transplantation have three potential out-
comes: a) transplant; b) death on the waiting list or withdrawal
from the list while alive for any reason; or c) still awaiting trans-
plantation. Each of these outcomes is CR with others, since the
occurrence of one of them prevents or impairs the others. Thus, the
CR statistical method was used in this study, which seems to be the
most appropriate for the analysis of waiting list outcomes®. Our
study, conducted in a single Brazilian center, showed that patients
on the DDLT waiting list with HCC had higher transplantation
rates, lower rates of death while on the waiting list, and shorter
waiting time than patients on the waiting list with a cMELD score.
In this cohort, patients with a cMELD score had a 2.39 times
higher probability of death on the waiting list than patients with
HCC. Therefore, it is clear that the current Brazilian allocation
policy needs to be revised to reduce the disparity between these
two groups, with and without HCC.

Patients with HCC are more likely to be included in the waiting
list®, while improvements in locoregional therapies have allowed
tumor growth and dropout rates to be reduced®??. Thus, HCC
patients are being unintentionally benefited to the detriment of
patients listed with a cMELD score, for whom the only available
treatment is liver transplantation. In addition, it has been widely
discussed whether liver transplantation would bring benefits to
patients with HCC and preserved liver function®-%, Therefore,
the introduction of policies that allow greater equity in the access
to DDLT between these 2 groups of patients, with and without
HCC, is extremely necessary. UNOS has adopted the policy of
not assigning any special scores to HCC patients in the first six
months on the list, but other allocation suggestions can and should
be evaluated to be eventually used in Brazil23!-33),

Our study has some limitations. First, we acknowledge those
limitations inherent in retrospective studies and the fact that the
study was conducted in a single center. However, the long study
period allowed us to identify the impact of current allocation
policies on the different primary endpoints related to the waiting
list. The outcomes of candidates with HCC were those already
observed within the current allocation system. Therefore, we cannot
confirm whether transplantation rates, risk of death, and clinical

deterioration on the waiting list would be the same if patients with
HCC had not received exception points. Although it is theoretically
possible that fewer candidates with HCC would have undergone a
transplant and more candidates would have been removed from the
list for death or clinical deterioration, this is an unlikely explana-
tion for the results obtained in our study given the magnitude of
the differences between the two groups, with and without HCC. It
is also important to note that patients listed with a cMELD score
had a high waiting list mortality rate and that more than 50% of
the cohort patients had HCC in a region with a high prevalence
of hepatitis C virus infection®.

CONCLUSION

Our results showed that, in our center, patients on the waiting
list with HCC have a clear advantage over candidates listed with
a cMELD score in terms of transplantation rate, lower mortal-
ity rate, and time on the waiting list. It is important to develop a
system that reflects the real risk of dropout, including factors such
as response to locoregional therapy, severity of underlying liver
disease, regional access to transplantation, and graft availability.

ACKNOWLEDGEMENTS

The authors thank the Liver Transplantation Group at Santa
Casa de Misericordia de Porto Alegre, RS, Brazil. The authors
would also like to thank Professor Dr. Mario Wagner for his as-
sistance with statistical analysis.

Authors’ contribution

Rodriguez S: conceptualized and designed the data, collected
the data, analyzed and interpreted the data, drafted the article, and
critically revised the article. Fleck Jr AM, Mucenic M, Marroni
C: critically revised the article. Branddo A: conceptualized and
designed the data, collected the data, analyzed and interpreted the
data, drafted the article, and critically revised the article.

Orcid
Santiago Rodriguez. Orcid: 0000-0001-8610-3622.
Alfeu de Medeiros Fleck Jr. Orcid: 0000-0002-0424-6919.
Marcos Mucenic. Orcid: 0000-0001-9389-2236.
Claudio Marroni. Orcid: 0000-0002-1718-6548.
Ajacio Brandao. Orcid: 0000-0001-8411-5654.

Rodriguez S, Fleck Jr AM, Mucenic M, Marroni C, Brandao A. Pacientes com carcinoma hepatocelular sao favorecidos no atual sistema brasileiro de

alocagao de figados para transplante. Analise de riscos competitivos. Arq Gastroenterol. 2020;57(1):19-23.

RESUMO - Contexto — No Brasil, o escore MELD (Model for End-Stage Liver Disease) é utilizado para priorizar os pacientes para transplante hepatico
de doador falecido (THDF). Pacientes com carcinoma hepatocelular (CHC) recebem pontos de excegao padronizados pelo MELD para contrapesar
o risco de mortalidade do seu cancer, que nao ¢ refletido pelo seu escore MELD. Objetivo — Comparar as taxas de THDF entre pacientes com e sem
CHC no Rio Grande do Sul, o Estado mais ao sul do Brasil. Métodos — Foram estudados retrospectivamente 825 pacientes em lista de espera de trans-
plante de figado entre 1 de janeiro de 2007 ¢ 31 de dezembro de 2016 em um centro de transplantes localizado em Porto Alegre, capital do Rio Grande
do Sul, para comparacdo das taxas de THDF entre aqueles com e sem CHC. Foi estimado o risco variavel no tempo de lista de espera/THDF, com
relato da taxa de sub-risco (SHR) de lista de espera/THDF/desisténcia com intervalos de confianga (IC) de 95%. O modelo final de risco competitivo
foi ajustado para idade, escore MELD, pontos de excegao e grupo ABO. Resultados — Os candidatos com CHC foram submetidos a um transplante
quase trés vezes mais rapido do que os pacientes com um escore MELD calculado (SHR 2,64; IC 95% 2,10-3,31; P<0,001). A taxa de THDF por 100
pessoas-més foi de 11,86 para os pacientes com CHC vs 3,38 para os pacientes sem CHC. O tempo mediano de permanéncia em lista de espera foi de
5,6 meses para os pacientes com CHC ¢ 25 meses para os pacientes sem CHC. Conclusdo — Nossos resultados demonstraram que, em nosso centro,
pacientes em lista de espera com CHC tém evidente vantagem sobre candidatos listados com um escore MELD calculado.

DESCRITORES - Transplante de figado. Carcinoma hepatocelular. Transplante de 6rgaos. Disparidades em assisténcia a satde.
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