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Abstract

Background/Aims—Survival of patients with hepatocellular carcinoma (HCC) is determined
by hepatic function and tumor extent. Recently, a new Model to Estimate Survival in Ambulatory
HCC patients (MESIAH) was proposed to predict overall survival in ambulatory HCC patients.
This study aimed to evaluate the prognostic performance of the MESIAH score in an independent
cohort of HCC patients.

Methods—A cohort of 1,969 patients newly diagnosed with HCC at the National Cancer Center,
Korea between January 2004 and December 2009 was used for validation of the MESIAH score.
The model's performance was assessed using C-statistics, the likelihood ratio (LR) x2 value, and
Akaike information criterion (AIC).

Results—Patients in the cohort had a median age of 56 years and 83.2% were men. Hepatitis B
virus infection was present in 74.6% and 81.6% had a Child-Pugh class A. The median overall
survival was 21.4 months. The MESIAH score had a higher degree of discrimination, with a C-
statistic of 0.792 (95% confidence interval [CI], 0.782-0.803), when compared with the Barcelona
Clinic Liver Cancer (BCLC) staging system (0.665 [95% ClI, 0.653-0.678], p<0.001). The LR x2
value and the AIC of MESIAH were also better than those of BCLC, Cancer of the Liver Italian
Program, Japan Integrated Scoring and Tokyo score. The observed survival in the cohort closely
matched that predicted by the MESIAH score.

Conclusions—The new prognostication model MESIAH accurately estimated the overall
survival of Korean HCC patients and may be useful in future research as well as individual patient
care.
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Introduction

Accurate staging information is necessary to determine the prognosis of patients with cancer
and to guide subsequent patient management.(1) In general, the curability of cancer is
inversely proportional to the extent of the tumor; the most widely used staging method for
cancer is the tumor, node, and metastasis (TNM) system. Hepatocellular carcinoma (HCC)
is somewhat unique because the vast majority of HCC patients have underlying liver
cirrhosis and the prognosis of HCC patients is determined not only by the tumor extent but
also by hepatic function. Therefore, many staging systems developed for HCC include
simultaneous measurement of the tumor extent and overall liver function. The Barcelona
Clinic Liver Cancer (BCLC) staging system adopted by American and European liver
societies as a guide in patient management employs variables representing liver function,
such as the Child-Pugh score classification, performance status and cancer-related
symptoms, and the tumor extent. (2, 3)

Recently, a new model to predict survival of patients with HCC has been proposed.(4) A
strength of this multivariable Model to Estimate Survival in Ambulatory Patients with HCC
(MESIAH) is that it consists of objective and reproducible variables such as age and
morphologic characteristics such as tumor size and number, vascular invasion, and
extrahepatic metastasis. In assessing liver function, the MESIAH score utilizes the Model
for End-Stage Liver Disease (MELD) score, a widely validated measure to estimate short
term mortality in patients with advanced liver disease from a wide variety of causes.(5-11)
MELD was chosen over the Child-Pugh classification because MELD consists only of
laboratory variables, consistent with the goal of maximizing reproducibility of the MESIAH
score.

In addition to objectivity and reproducibility of its component variables, the MESIAH score
is able to estimate survival probabilities over a wide span of prognosis. For example, in the
original work that described the score, MESIAH was able to stratify patients by their risk of
mortality even within the same BCLC categories. In this work, we further evaluate the
predictive performance of the MESIAH score. Specifically, we assess discrimination of the
MESIAH score in comparison to the BCLC system and other staging system (Cancer of the
Liver Italian Program (CLIP) (12), Japan Integrated Scoring (JIS) (13), and Tokyo
score(14)) and evaluate MESIAH's calibration in predicting survival.

Patients and Methods

A total of 2,509 HCC patients were seen at the Center for Liver Cancer, National Cancer
Center (Goyang, South Korea) between January 2004 and December 2009. Of these, 1,969
patients were newly diagnosed with HCC and had not undergone prior anti-tumor therapy.
These patients comprised the cohort for this study.(15). The diagnosis of HCC was based
upon histology and/or clinico-radiologic evidence according to the Korean practice
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guidelines for HCC.(16, 17) The latter criteria consisted of the presence of 1 or more risk
factors (hepatitis B virus [HBV], hepatitis C virus [HCV], or cirrhosis); a liver mass in a
dynamic liver imaging (such as dynamic spiral computed tomography (CT), contrast-
enhanced dynamic magnetic resonance imaging (MRI), or hepatic angiography) that
demonstrates typical characteristics including enhancement in the arterial phase and washout
in the delayed portal/venous phase; and/or elevated serum alpha-fetoprotein (AFP) levels.
These patients were collected prospectively; relevant data on clinical and tumor
characteristics were extracted retrospectively from the medical records. This study was
approved by the Institutional Review Board of our institute (National Cancer Center,
Goyang, South Korea).

The MELD score was calculated according to the original formula without rounding or
lower and upper bounds in the variables and final score.(18) The MESIAH score was
calculated according to the following formula: MESIAH score = 0.232 * (Age in Decades) +
0.099 * (MELDT) - 0.391 * (Albumin) + 0.290 * (Tumor size'™) + 0.153 * (Tumor
number ) + 1.122 * (Vascular invasion) + 1.130 * (Metastasis) + 0.082 * (AFPTTTT) + 1
where t equals the MELD scores < 13 set to 13, T1 equals the number of nodules (1=1,2 =
2,3=3,4=4,5=2b), t11 equals the size of the largest nodule (1 =<lcm,2=1-2cm,3=
2-3cm, 4=3-5¢m, 5=5-10 cm, 6 = 10-15 cm, 7 = 15-20, and 8 = >20), and 111 equals
the In(AFP) with AFP capped at 10,000 units.(4) CLIP, JIS and Tokyo score were also
evaluated as previously described.(12-14)

Continuous variables were expressed as median values with interquartile ranges. Survival
probabilities were estimated by the Kaplan-Meier method and difference in survival tested
using the log-rank test as well as the Cox proportional hazard regression analysis. In
assessing discrimination of the survival models, the concordance (C)-statistics, the
likelihood ratio (LR) x2 and the Akaike information criterion (AIC) were calculated. In
evaluating model calibration, a x2 statistic was calculated as a measure of agreement
between predicted and observed event rates in deciles of predicted risk. We considered a
value of 20 or higher to be indicative of poor calibration. All statistical analyses in this study
were carried out using the STATA software version 12.0 (StataCorp LP, College Station,
TX).

Baseline characteristics

Characteristics of patients included in this study cohort are summarized in Table 1. There
were 1,639 men (83.2%) and 330 women. The median age was 56 years (interquartile range
[IQR], 49-64 years). HBV was the predominant cause of liver disease (74.6%), followed by
HCV (9.3%). The median MELD score was 7.8 (IQR, 5.7-10.3) and most patients had a
performance status of less than 2. Over 80% of the patients (n=1,969, 81.6%) had Child-
Pugh class A and 328 (16.7%) had a Child-Pugh class B. According to the BCLC system, 93
(4.7%) were classified as stage 0, 390 (19.8%) as stage A, 184 (9.3%) as stage B, 1,266
(64.3%) as stage C, and 36 (1.8%) as stage D. Consequently, transarterial
chemoembolization (TACE) was the most common choice of initial treatment, administered
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to 58.3% of patients. Curative treatment, including resection (18.6%), transplantation
(1.5%), and local ablation therapy (3.6%) were performed in 467 patients.

Prognostic stratification according to the MESIAH score and BCLC staging system

The median overall survival of the cohort was 21.4 months (95% confidence interval [CI],
18.9-23.6). The 1-, 2-, 3-, 4-, and 5-year survival probability was 61.1%, 47.9%, 39.9%,
35.5%, and 31.5%, respectively.

The median MESIAH score was 4.6 (IQR, 3.7-5.8) and the distribution was skewed to the
right with the mean score of 4.8 (Figure 1). Figure 2A describes survival of the cohort in
quintiles of the MESIAH score; the 1-year survival was 95.7%, 91.4%, 69.5%, 34.8%, and
13.7%, respectively. The corresponding 3-year survival estimates were 84.9%, 65.6%,
34.0%, 12.7%, and 2.2%. A sensitivity analysis shown in Figure 2B in which liver
transplantation was censored, the result did not change materially.

The BCLC staging system was also able to stratify patients (Figure 2C). The 1-year survival
was 100%, 91.6%, 83.2%, 46.2%, and 38.9% for BCLC stage 0, A, B, C, and D,
respectively. The corresponding 3-year figures were 91.0%, 78.0%, 45.2%, 23.9%, and
32.1%, respectively. Again, censoring liver transplantation did not alter the results (Figure
2D).

Discrimination and Calibration of the MESIAH score

The overall C-statistic of the MESIAH model in this cohort was 0.792 (95% CI, 0.782—
0.803) (Table 2). When compared with the BCLC system, the overall C-statistic of the
MESIAH model was superior to that of the BCLC (0.665 [95% CI, 0.653-0.678], p <
0.001). Similarly, the LR 2 values were higher and the AIC lower for MESIAH than those
for the BCLC system. Table 2 also includes sensitivity analyses addressing subgroups of
patients, in all of which MESIAH had a better discrimination than BCLC, CLIP, JIS and
Tokyo score.

Figure 3 compares actual survival for 36 months with the predicted survival by the MESIAH
model. While the MESIAH model tended to overestimate survival, there was overall
agreement between the predicted and actual survival in the whole cohort (Figure 3A) and the
subset of non-transplant patients (Figure 3B). Because of the large sample size, the
difference between the predicted and actual survival did reach statistical significance in both
comparisons (x2 statistics of 5303.7 [p < 0.01] and 8328.7 [p < 0.01], respectively).

Discussion

This is a validation study of the new MESIAH scoring system to predict survival in patients
with HCC.

An earlier cohort (2000-2003) at our institution was used for external validation of this
model in the original description of the model, so it may limit our findings. However, the
current cohort (2004—2009) did not overlap with the first one and is larger and more recent,
making it appropriate for validation of the MESIAH system. For example, living donor liver
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transplantation became available at this center in 2005 and the cohort included a small
proportion of patients (5%, n=99) that underwent liver transplantation with 30 patients
accepting transplantation as the initial treatment. Further, beginning in 2007, sorafenib was
also administered to a small number of patients as the initial treatment of choice; however,
sorafenib use may be hampered by its high cost and the reimbursement policies of the
Korean health insurance system. Satisfactory performance of the MESIAH model in this
new group of patients further advocates the robustness of the model.

Many staging systems for HCC have included a measure of liver function such as Child-
Pugh classification. Although the Child-Pugh classification or the MELD score is originally
designed for patients with cirrhosis, both are useful parameters to predict prognosis of
patients with liver diseases across the presence or absence of cirrhosis.(8, 19) The MELD
score has the advantage of being composed of objective and easily obtainable variables(7),
and the MESIAH utilizes the MELD score.

Previous studies have evaluated accuracy of different staging systems in predicting survival
of patients with HCC; however, the preferred treatment strategy varies by the region or
country, according to availability of different therapeutic options, reimbursement schemes,
and prevailing consensus within the medical community. These disparities may potentially
affect patient prognosis. For example, in Asian countries, TACE tends to be widely used as
an initial treatment modality, even in an advanced stage of disease.(20) On the other hand,
Western countries have utilized liver transplantation as the preferred option that provides the
best chance for cure. The fact that the MESIAH score, developed in a Western setting,
repeatedly validates well in Asian patient cohorts attests to its applicability in a wide range
of patients.

Traditionally, scholars from Asian countries favored the JIS (21-23), while those from
Western countries favored the BCLC system.(2, 24) More recently, its ability to guide
management has led to increasing acceptance of the BCLC system worldwide. However, it
remains uncertain whether the BCLC's prognostic utility decreases when selection of
treatment deviates from what is recommended, which may occur as a result of availability or
affordability of treatment as well as other cultural or healthcare system related reasons. The
satisfactory performance of the MESIAH model independent of the initial choice of
treatment modality may represent another advantage.

Discrimination refers to the ability to rank patients correctly according to their risk of death.
In all measures of discrimination, MESIAH performed better than BCLC in this cohort.
Calibration, on the other hand, describes how closely the predicted probabilities agree
numerically with the actual outcomes. Since MESIAH is unique in its ability to calculate
estimated survival, there are no other staging systems to compare against it. As seen in
Figure 3, there was overall agreement between the actual and predicted survival. There was,
however, statistically significantly difference, which was mostly in patients in the deciles
with the lowest mortality. One potential explanation is improvement of surgical skills since
about third fourths of resection was performed in patients with the lower 4 deciles of
predicted risk based on the MESIAH score. Another plausible reason is control of chronic
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patitis B with antiviral therapy. There is an increasing body of literature that suggest that
tiviral therapy in HCC patients may prolong survival. (25)

summary, the MESIAH score performed well in estimating survival in this cohort of

Korean HCC patients enriched with HBV-related liver disease. In its ability to discriminate
patients with a wide range of survival probability, MESIAH outperformed the commonly
used BCLC staging system. We conclude that these data further validate the MESIAH score

in
eti

a setting disparate from its original derivation with regard to the ethnicity of the patient,
ology of underlying liver disease, and cross-cultural differences in therapeutic choices.
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Distribution of the MESIAH score.
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Figure 2.

Cumulative overall survival curves and hazard ratio of patients with HCC stratified by the
MESIAH score (A, B) and BCLC stage (C, D). A and C represent the overall population,

while B and D represent the non-transplantation population.
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Three-year predictions and actual values for survival in all patients (A) and non-
transplantation patients (B) with HCC. X-axes refer to the deciles of predicted risk based on

the MESIAH score.
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Table 1
Characteristics of the validation cohort (n=1,969)
Patient Characteristics (n, [IQR]) Tumor Characteristics
Age (years) 56 [49-64] Size of the largest nodule
Male 1639 (83.2%) <lcm 2.5%
Etiology 1-2cm 12.7%
HBV 1469 (74.6%) 2-3cm 14.9%
HCV 184 (9.3%) 3-5cm 19.7%
Alcoholic 144 (7.4%) 5-10cm 26.9%
NBNCNA 172 (8.7%) 10-15cm 15.7%
Bilirubin (mg/dl) 0.9[0.6-1.3] 15-20cm 6.4%
INR 1.15[1.06-1.27] >20cm 1.2%
Creatinine (mg/dl) 1.0[0.9-1.1] Number of nodules
Albumin (g/dI) 3.8 [3.4-4.2] 1 51.20
C-P score 5.0 [5.0-6.0] 2 15.9%
C-P class (A/B/C) 81.6%/16.7%/1.7% 3 6.9%
MELD" 7.8[5.7-10.3] 4 3.7%
MESIAH 4.6 [3.7-5.8] >5 22.4%
Performance status (%) Vascular invasion 674 (34.2%)
0/1/2 43.3/53.4/3.3 Extrahepatic metastasis 358 (18.2%)
Initial treatment AFP (ng/ml) 171.6 [14.0-3272.0]
Transplantation 30 (1.5%) <20 29.0%
Resection 367 (18.6%) =20, <400 28.9%
Local ablation 70 (3.6%) 2400 42.2%
TACE 1,148 (58.3%)
Sorafenib 32 (1.6%)
Cytotoxic chemotherapy 78 (4.0%)
Radiation 99 (5.0%)
Supportive care 145 (7.4%)

Number (proportion) or median [interquartile range] are shown.

HBV, hepatitis B virus; HCV, hepatitis C virus; NBNCNA, non-B/non-C/non-alcoholic; INR, internationalized normalized ratio; C-P, Child-Pugh;
MELD, Model for End-Stage Liver Disease; MESIAH, Model to Estimate Survival in Ambulatory HCC; TACE, transarterial chemoembolization

*
The MELD score was calculated according to the original formula without rounding or lower and upper bounds in the variables and the final

score.
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Table 2
Comparison of prognostic stratification of the MESIAH scoreand the BCLC system

M odel C-statistic LRy> AIC

All patients (n=1,969)

MESIAH 0.792 (0.782-0.803) 1263.0 17523.0
BCLC 0.665 (0.653-0.678)  551.9  18240.1
CLIP 0.760 (0.748-0.771) 1031,6 17764.4
JIS 0.753 (0.748-0.771)  1025.3 17768.8
Tokyo score 0.716 (0.703-0.729) 6884  18111.7
Without transplantation (n=1,870)
MESIAH 0.789(0.778-0.800)  1207.7 17123.6
BCLC 0.666(0.653-0.678)  556.9  17780.4
CLIP 0.760 (0.748-0.772)  1003.4 17337.9
JIS 0.752 (0.741-0.764) 1016.1 17323.2
Tokyo score 0.724 (0.711-0.737)  745.8  17599.5
HBV (n=1,469)
MESIAH 0.797 (0.785-0.810) 1015.8 12624.1
BCLC 0.669 (0.655-0.684) 4444  13201.5
CLIP 0.767 (0.754-0.780)  856.0  12793.9
JIS 0.761 (0.748-0.773)  853.8  12794.1
Tokyo score 0.724 (0.709-0.738)  570.8  13083.1
HCV (n=184)
MESIAH 0.755 (0.712-0.797) 86.4 1051.4
BCLC 0.636 (0.592-0.679) 313 11125
CLIP 0.724 (0.679-0.768) 73.8 1074.0
JIS 0.694 (0.647-0.740) 54.3 1091.5
Tokyo score 0.685 (0.639-0.732)  47.2 1102.7
NBNC (n=316)
MESIAH 0.784 (0.755-0.813)  156.2 1950.3
BCLC 0.658 (0.626-0.691) 78.6 2033.9
CLIP 0.731 (0.697-0.764)  113.6 2002.9
JIS 0.730 (0.699-0.762)  133.5 1981.0
Tokyo score 0.686 (0.651-0.722) 84.3 2036.2

LR, likelihood ratio; AIC, Akaike information criterion; MESIAH, Model to Estimate Survival in Ambulatory HCC; BCLC, Barcelona Clinic
Liver Cancer; HBV, hepatitis B virus; HCV, hepatitis C virus; NBNC, non-B non-C
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