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H I G H L I G H T S
� There is no consensus on utility of staging systems to predict prognosis of HCC patients.
� Data for HCC patients undergoing RE is only available from a single center.
� Basic discriminatory ability (log-rank) was significant only for Child-Pugh Numeric and CLIP.
� Further analyses were performed to rank the staging systems.
� The results suggest that Child-Pugh Numeric has an overall greater prognostic value.
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A B S T R A C T

Purpose: To compare the prognostic accuracy of nine staging systems, some of which are well-known and some of
which have only been more recently described, for patients with unresectable HCC treated with radio-
embolization (RE).
Materials and methods: Individual scores or classes for the following staging systems were recorded or calculated
for patients (n ¼ 89) with unresectable HCC who underwent RE at a single tertiary care center from January 2008
to October 2016: Eastern Cooperative Oncology Group, Barcelona Clinic Liver Cancer, Hong Kong Liver Cancer,
Okuda, Cancer of the Liver Italian Program (CLIP), Model for End Stage Liver Disease, Child-Pugh (CP) Cate-
gorical and Numeric, and Albumin-Bilirubin. For each staging system, a cox proportional hazards regression
model was fit to the data and log-rank test statistics, concordance indices, Akaike Information Criteria (AIC) and
other diagnostic statistics were calculated.
Results: Of the nine staging systems analyzed, the basic discriminatory ability assessed with the log-rank test
(rejected at the α ¼ .05-level) was significant for two of the systems: CP Numeric (p < .001) and CLIP (p < .05).
Out of these two systems, CP Numeric system had a higher prognostic accuracy than CLIP with the lowest AIC
(464.90), the highest optimism-corrected pseudo R2 (0.16), and the highest estimated concordance index (0.64).
Conclusion: As applied to our patient population, the CP Numeric system contained the most predictive prognostic
information for patients with HCC undergoing radioembolization. However, all evaluated staging systems per-
formed suboptimally, and the relative superiority of any of the systems remains unclear when ranking them
according to common practice. Further evaluation of current ranking methodologies is recommended.
1. Introduction

Hepatocellular carcinoma (HCC) is the third leading cause of cancer-
related death worldwide with an increasing incidence [1]. It is respon-
sible for approximately 700,000 deaths annually [2]. Multiple factors
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influence patient survival; presence of a large tumor mass, vascular in-
vasion, extrahepatic metastasis and a poor functional status are associ-
ated with a worse outcome in patients with HCC [3]. In addition, the
underlying liver dysfunction, extent of cirrhosis and presence of hepatitis
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Table 1. Basic characteristics of 89 patients included in the analysis.

Variable n %

Total 89 100

Sex

Male 80 92

Female 9 11

Age> 65 42 47

Etiology

HCV 36 40

Alcohol 18 20

Cryptogenic 8 9

NASH 7 8

HBV 6 7

Hemochromatosis 2 2

No Cirrhosis 12 13

Tumor Type

Solitary 11 12

Multifocal 52 58

Infiltrative 26 29

AFP >400 ng/mL 28 31

PVT 27 30

Prior Treatment 26 29

Prior Resection 12 13

Prior Ablation 15 17

Prior Chemotherapy 5 6

Multiple RE 28 31

Tumor Response

CR 14 16

PR 7 8

SD 18 20

PD 50 56

Additional Treatment

Ablation 3 3

Chemotherapy 11 12

TACE 18 20
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B or C virus are important prognostic parameters influencing survival
[3].

The management of HCC depends on the tumor stage at the time of
diagnosis. In an effort to predict treatment outcomes and prognosis of
patients with HCC, multiple staging systems have been developed. Some
of these systems are tumor specific, while others rely on liver dysfunction
due to the fact that liver disease can be a major determinant of prognosis.
However, there is no consensus on which staging system to use and when
to use it. Despite well-known limitations and newer staging systems with
reported higher prognostic value such as Hong Kong Liver Cancer clas-
sification [4], the Barcelona Clinic Liver Cancer (BCLC) Classification is a
commonly used staging system, especially in Western countries, because
of its link to available treatment strategies [5]. The American Association
for the Study of Liver Disease (AASLD) suggests the use of BCLC system
when classifying and managing patients with HCC [3]. In addition to
treatment guidelines, local expertise in treating HCC is another major
factor influencing patient management. The treatment algorithms of
different institutions vary considerably, likely because a number of
treatment options for patients with HCC have been associated with a
survival benefit [6, 7, 8, 9, 10, 11, 12, 13, 14, 15].

When considering the effect of treatment on prognosis, it is necessary
to use a staging system tailored to a given treatment modality for pre-
dicting the prognosis of patients with HCC. The predictive ability of
staging systems for prognosis has been investigated for patients with
unresectable HCC treated with transarterial chemoembolization (TACE)
[16]. Attempts have also been made to find the most appropriate staging
system to predict survival for patients with advanced HCC receiving
systemic therapy [17]. More recently, staging systems were compared for
their prognostic ability in patients with unresectable HCC who were
treated with radioembolization (RE) [12]. A recent review on staging
systems also highlights that incorporating another staging system such as
NIACE improves prognostic accuracy for patients with HCC within the
same BCLC category [18].

Radioembolization is a locoregional treatment that uses intra-arterial
injection of microspheres loaded with the radionuclide yttrium-90 to
induce tumor necrosis [19, 20]. It is a relatively recent addition as a
treatment option for HCC and its place in treatment algorithms is
evolving. As such, there is a need for additional data from a variety of
practice settings on patient and treatment factors correlating with
improved outcomes. Although a number of staging systems for patients
with HCC undergoing RE were investigated previously [12], newly
described systems, such as the Hong Kong Liver Cancer classification and
Albumin-Bilirubin scoring, were not included. In addition, more studies
may yield information on the applicability of previously reported results
to other practices. The purpose of this study was to evaluate the prog-
nostic accuracy of commonly used and newly developed staging systems
for patients with unresectable HCC who underwent RE at our institution.

2. Materials and methods

2.1. Patient selection

This retrospective single-center study was approved by the Institu-
tional Review Board (2016-0418), compliant with the HIPAA guidelines,
and conducted with no requirement of a consent from the participants.
All patients with HCC who underwent yttrium-90 radioembolization
between January 2008 and November 2016 were identified retrospec-
tively from a RedCAP database (Vanderbilt University, TN, USA). The
diagnosis of HCC was made according to the diagnostic criteria of the
AASLD [21], and the decision to perform radioembolization for unre-
sectable HCC was made by a multidisciplinary liver tumor board.
Twenty-five patients, who underwent previous treatments at the time of
RE, were included in the study as all patients were re-evaluated and
re-classified before undergoing radioembolization. In total, 103 patients
underwent 140 90Y RE procedures with median number of one treatment
session. If patients underwent RE after disease progression, the RE was
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recorded as an additional treatment along with any other type of HCC
treatment such as ablation, chemoembolization, or sorafenib. If the pa-
tients underwent multiple RE procedures as a staged treatment in a
treatment cycle (eg. in bilobar disease), the baseline parameters from the
first procedure were used. Any patient who lacked the data required for
the staging or classification systems was excluded. See Table 1 for patient
demographics.
2.2. Yttrium-90 radioembolization

All patients underwent mesenteric and hepatic angiography and
99mTc-macroaggregated albumin scanning to determine the hep-
atopulmonary shunt fraction. All 90Y radioembolization treatments were
performed using glass microspheres (TheraSphere, BTG, UK). Prescribed
radiation doses (median 120 Gy, range 75–135 Gy) varied based on pa-
tient and tumor characteristics as well as the shunt fraction. The tumor
response to treatment was evaluated with mRECIST criteria.
2.3. Patient assessment and follow-up

Using the last pre-procedural cross sectional imaging and biochemical
tests to the date of first RE, individual scores or classes for the following
staging systems were recorded or calculated as described: Eastern Coop-
erative Oncology Group (ECOG) [22], Barcelona Clinic Liver Cancer
(BCLC) [4], Hong Kong Liver Cancer (HKLC) [23], Okuda [24], Cancer of
the Liver Italian Program (CLIP) [25, 26], Model for End Stage Liver



Table 2. Patient survival within each staging system based on log-rank test of KM
plots.

Staging System n % Median Survival (months)

Total 89 100 13.6

Child-Pugh Categorical p ¼ 0.3539

A 71 80 14.3

B 18 20 7.13

Child-Pugh
Numeric

p < .0001

5 32 36 34.5
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Disease (MELD) [27], Child-Pugh (CP) categorical and CP numeric [28,
29], and Albumin-Bilirubin (ALBI) [30]. In total, 68 patients were
deceased at the time of analysis. Overall survival (OS) was defined from
the first RE procedure to the date of death or last follow-up. A total of 39
patients underwent additional treatments after radioembolization. Three
patients who underwent liver transplantation after their RE were censored
at the date of transplant. Considering the high proportion of patients with
additional treatments, censoring at the time of any other additional
treatment was not performed. A similar approach was taken in previous
studies due to the difficulty of finding a patient population that underwent
only radioembolization without pursuing further treatments [12].
6 39 44 11.6

7 12 13 5.2

8 6 7 24.2

MELD p ¼ 0.0760

�9 62 70 14.8

>9 27 30 10.8

BCLC p ¼ 0.3764

B 31 35 18.8

C 58 65 11.6

HKLC p ¼ 0.3356

II 24 27 19.1

III 65 73 13.6

ECOG p ¼ 0.5444

0 39 44 18.8

1 50 56 11.5

ALBI p ¼ 0.1456

A1 12 13 11.33

A2 70 79 14.83

A3 7 8 5.23

Okuda p ¼ 0.0726

1 62 70 17.47

2 27 30 7.83

CLIP p ¼ 0.0320

0 9 10 44.0

1 41 46 22.3

2 33 37 10.6

3 6 7 15.7
2.4. Statistical analysis

The reverse Kaplan-Meier method was used to calculate median
follow-up time. For all classification systems, any distinct class consisting
of less than six observations was removed from the data due to difficulties
in proper parameter estimation via the cox proportional hazards model.
For the HKLC staging system, subclasses IIa-IIb and IIIa-IIIb were merged
into two distinct classes due to sample size restrictions and based on the
findings of Yau et al. [23], which suggested a similar overall survival for
patients in the HKLC subclasses. Patients within removed classes were
excluded from all statistical analyses. These data were excluded instead
of merged in order to maintain the homogeneity of each class within a
staging system, resulting in 89 patients that were included in the statis-
tical analyses.

For each of the nine systems, a cox proportional hazards model was fit
to the data (with the staging system as the only predictor) using the
“survival” package (V 2.41) in R (V 3.3.2, R Core Team, Vienna, Austria).
To test for homogeneity between survival curves for each system stage,
log-rank test p-values were calculated for each model. To test for a linear
trend in hazard rates between stages of the same system, linear trend Х2

p-values were calculated for each model. Rejecting the linear trend hy-
pothesis test indicates that there is at least one strict inequality in the
hazard rates of the stages (in an ordinal fashion). The Akaike Information
Criterion (AIC) was also calculated to measure the relative quality of the
fitted model. A lower AIC indicates a better fit to the data, relative to
other models fit to the same data.

To assess the predictive ability of the different staging systems,
Nagelkerke's pseudo R2 was computed. To adjust for the potential over-
optimism in our R2 estimates as described by Harrell, a bias-corrected
estimate of R2 was found via bootstrap validation (B ¼ 10,000) using
the “rms” (V 5.1) package [31, 32]. Estimated concordance indices
(C-indices) were calculated for each system along with 95% studentized
bootstrap (B ¼ 10,000) confidence intervals to assess the discriminatory
abilities of the different staging systems.

The staging systems which rejected the log-rank test at the α ¼ .05-
level were analyzed further with two more direct statistical comparisons.
First, the differences in C-indices between the two models were tested via
a bootstrap simulation (B ¼ 10,000) modeled after the algorithm
described by Kang et al [33]. Second, to compare the relative predictive
information contained in the two systems, pairwise adequacy indices
were calculated for each system using the method described in Harrell
[31]. An adequacy index near one indicates that that single system
contains almost as much predictive information as a model which uses
both systems in conjunction.

3. Results

Median follow up time of the cohort was 40.8 months (IQR; 71.83-
21.30). Median overall survival time of 89 patients was 13.6 months
(95% CI; 11.0–19.1 months) with a 74 % mortality rate at the time of
analysis. Among the nine staging systems tested, the log rank null
3

hypothesis was rejected for only two of the systems, CP Numeric and
CLIP (p < .05, Table 2). Kaplan Meier plots for these two systems can be
seen in Figures 1 and 2.

In regard to the statistical analyses commonly seen in system-ranking
studies, a system which rejects the log-rank and linear trend Х2, has a
lower AIC, and a higher C-index is typically preferred. Regarding the
further analyses performed in this study, the system with a higher
pseudo-R2 and optimism-adjusted R2 is favored. In Table 3, it can be seen
that the CP Numeric system had the lowest log rank test p-value (p <

.001), the lowest AIC (464.90), the highest estimated concordance index
(0.64) and the highest R2 (adjusted: 0.16; unadjusted: 0.22). However,
the CP Numeric system did have a higher linear trend p-value than other
systems (p > .05), indicating a lack of evidence for ordinally decreasing
hazard rates between the subclasses. When the C-indices of CP Numeric
and CLIP were directly compared via bootstrap simulation, no statisti-
cally significant differences were found between the two systems (p >

.05). Nevertheless, the relative superiority of CP Numeric was further
demonstrated by the comparative adequacy indices seen in Table 4,
where the calculated adequacy index for CP Numeric and CLIP are 0.77
and 0.30, respectively. This means that in a hypothetical system incor-
porating both CP Numeric and CLIP, most of the predictive information
being contributed comes from CP Numeric.



Figure 1. The Kaplan-Meier plot of Child-Pugh Numeric system with median
overall survival of each group.

Figure 2. The Kaplan-Meier plot of CLIP system with median overall survival of
each group.
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4. Discussion

Staging systems aid to determine how to manage a patient's disease
and to predict how the disease will progress. The strength of a staging
system comes from how well it incorporates the influential parameters of
a disease or a condition in order to discriminate the survival of different
groups within it [21, 34]. In the case of hepatocellular carcinoma, despite
the use of multiple staging systems, it can be challenging to predict the
prognosis of a patient with HCC. Although the BCLC system is widely
used when determining the management of a patient, it has been criti-
cized for not being discriminative enough, especially for patients with
4

intermediate disease [35]. The use of the BCLC system has been less
useful for predicting the prognosis of patients with unresectable HCC [12,
16, 17, 18].

In addition to the tumor characteristics and the underlying liver
function, the choice of treatment has a major influence on prognosis due
to a treatment-related survival benefit [6, 7, 8, 9, 10, 11, 13]. Using the
same staging system across all treatment modalities may not have the
same applicability in different treatment strategies. Child-Pugh nominal,
CUPI and Tokyo scores were reported to provide the best prognostic
accuracy for HCC patients treated with TACE. Although Child-Pugh
scoring is not a tumor classification system, it was shown to perform
better than other investigated systems including the staging systems that
incorporates tumor characteristics [16]. For advanced HCC patients
receiving systemic treatments, CLIP, CUPI and GETCH were the most
informative staging systems in predicting survival [17]. More recently,
M-SIRT was suggested as a new prognostic tool specifically for HCC pa-
tients undergoing radioembolization [36].

Radioembolization is a relatively new treatment modality for patients
with unresectable HCC and its role in the management of patients with
HCC is still being defined. To date, data on the prognostic accuracy of
staging systems for patients with HCC undergoing RE is only available
from a single center and for a subset of available systems. CLIP was found
to be the most accurate system among them [12]. However, it should be
noted that Child-Pughwas not investigated as a numeric system, and only
Child-Pugh Class was used in the aforementioned study. Moreover, the
performance of newer staging systems compared to the previously
analyzed systems has yet to be evaluated. The prognostic ability of nine
staging systems investigated for this study were found to be suboptimal
as applied to our patient population. Although all of these systems are
well-validated, none of them were developed for or incorporate radio-
embolization in the treatment of HCC. Radioembolization may cause a
change in the survival trajectory of patients for better or worse, therefore,
the pre-procedural survival estimation with these staging systems may
not be a good, post-treatment estimate of prognosis.

Using previously described methodologies for comparing staging
systems, it was not immediately clear which system performed best at
predicting survival in our HCC patient population undergoing radio-
embolization. Although the CP Numeric system was found to have the
lowest AIC, the smallest log-rank p-value, and the highest estimated C-
index, it also had a large linear trend p-value (p¼ 0.065) relative to other
systems analyzed. It seems that CP Numeric system performed better
regarding prognostic accuracy than the other staging systems analyzed
for this patient population, but still had some incongruities. The in-
congruities in model metrics present a unique difficulty in declaring su-
periority among the systems. Should candidate systems be pared down in
a hierarchical manner (first discard systems which don't reject the log-
rank null hypothesis, then discard models which don't reject the linear
trend hypothesis then compare the C-index) or should the systems be
evaluated in a more nuanced fashion?

Using the common metrics of the log-rank test, linear trend test, AIC
and C-index, many system-ranking discontinuities can be seen in the
results. For example, as seen in Table 3, CP Numeric has a lower log-rank
yet a higher linear trend p-value than CLIP; ALBI has a lower linear trend
p-value than ECOG yet also has a smaller C-index; CP Class has a lower
AIC than ECOG, yet also a smaller C-index. Given these results, it seems
that the ranking of the staging systems may not be as objective as pre-
viously thought. Further research into different statistical methodologies
is recommended.

In Table 3, with the exception of CP Numeric, all systems had low R2

and even lower optimism-corrected R2 suggesting that those systems
contained little predictive information as applied to our patient popula-
tion. Unlike similar studies, pseudo R2, optimism-corrected R2 and
bootstrapped confidence intervals about the C-indices were also calcu-
lated to provide a more comprehensive overview of model performance.
From Table 3 it is seen that all C-index confidence intervals overlap and
that our bootstrapped p-value from the direct comparison of the C-index



Table 3. The prognostic value of staging systems based on described statistical methods.

System Log-rank p Linear trend p AIC R2 R2
c C-index 95% CI of C-index

CP (Score) 0.0000 0.0645 464.8736 0.2160 0.1637 0.6420 (0.573,0.717)

CLIP 0.0320 0.0239 478.1723 0.0890 0.0272 0.6199 (0.560,0.694)

Okuda 0.0726 0.0363 479.4190 0.0334 0.0192 0.5870 (0.498,0.654)

MELD 0.0760 0.0380 479.5293 0.0322 0.0205 0.5590 (0.508,0.623)

BCLC 0.3764 0.1885 481.6301 0.0089 -0.0023 0.5588 (0.491,0.617)

HKLC 0.3356 0.1680 481.4618 0.0108 0.0013 0.5575 (0.494,0.607)

ECOG 0.5444 0.2726 482.0565 0.0041 -0.0078 0.5530 (0.486,0.619)

CP (Class) 0.3539 0.1773 481.6158 0.0091 -0.0066 0.5465 (0.488,0.614)

ALBI 0.1456 0.1396 481.4666 0.0328 0.0012 0.5425 (0.509,0.607)

Table 4. Adequacy index and bootstrapped p-value for the direct comparison of
best performing two staging systems.

Staging System p-valueboot Adequacy Index

CP (Score) vs. CLIP 0.3903 0.7722 vs. 0.2957
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from CP Numeric and CLIP is quite large. These results offer support to
Harrell's previous assertions that the C-index lacks the sensitivity to be
used for the purpose of directly comparing multiple models [31].

This study does not attempt to define what exactly constitutes a
“superior” staging system in the context of a cox regression model.
However, based on the statistics calculated, the CP Numeric system does
seem to have the most predictive and discriminatory ability, followed by
CLIP. Although CLIP does have a lower linear trend p-value than CP
Numeric, their direct comparison via the adequacy index suggests that CP
Numeric, nevertheless, contains more predictive information than CLIP.

The findings of the study, however, need to be considered in the
context of the study limitations. The primary limitation is a somewhat
small samples size (n ¼ 89), which created difficulties in parameter
estimation for some of the cox regression models. There is a lack of
variability of stages in this study; however, it might be a more accurate
representation of patient populations, for whom radioembolization is
typically prescribed in most practices. In addition, almost half (n¼ 39) of
our patient population underwent additional treatments for HCC which
could potentially confound the relationship between assessed stage and
overall survival time. Some of the staging systems are nested in other
staging systems. While not investigated here or in the aforementioned
papers, nesting could potentially complicate the statistical analyses. All
of the statistical methods used (C-index, AIC, R2 etc.) are sensitive to
censoring and the observed rate of censoring (~26%) in this study is non-
negligible. Finally, although newer staging systems such as ALBI and
HKLC were included, not all of the available staging systems for HCC
were evaluated in this study. Some staging systems were found to lack an
adequate sample size in majority of the stages. This could be a result of
the limited overall sample size or a selection bias on the part of clinicians
who choose radioembolization as the treatment of HCC. Among the
systems that were analyzed, the small number of observations in some
subclasses may have influenced the resulting model metrics.

In conclusion, multiple staging systems have been proposed for he-
patocellular carcinoma in order to better classify the tumors and the
patients. The superiority of some systems has been shown previously for
multiple treatment modalities, including radioembolization. Although
prevailing ranking methods do not provide an objectively clear answer in
regard to staging system superiority, this study suggests that the CP
Numeric system has an overall greater prognostic value than the other
investigated systems for patients with unresectable HCC undergoing
radioembolization. A complementary use of CP Numeric system to BCLC
classification, instead of CP Classes, could be informative in the clinical
setting to help predict the prognosis of patients with unresectable HCC
when undergoing radioembolization. However, further validation is still
5

necessary, and further evaluation of current ranking methodologies is
recommended.
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