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Prognosis of patients with hepatocellular carcinoma (HCC) depends on both tumour extent and hepatic function reserve. Liver
function test (LFT) is a basic routine blood test to evaluate hepatic function.We first analysed LFT components and their associated
scores in a training cohort of 217 patients who underwent curative surgery to identify LFT parameters with high performance
(discriminatory capacity, homogeneity, andmonotonicity of gradient). We derived a novel index, albumin-to-alkaline phosphatase
ratio (AAPR), which had the highest c-index (0.646) and 𝜒2 (24.774) among other liver biochemical parameters.The AAPR was an
independent prognostic factor for overall and disease-free survival.The adjusted hazard ratio of death and tumour relapse was 2.36
(𝑃 = 0.002) and 1.85 (𝑃 = 0.010), respectively. The independent prognostic significance of AAPR on top of 5 commonly used and
well established staging systems was further confirmed in 2 independent cohorts of patients receiving surgical resection (𝑛 = 256)
and palliative therapy (𝑛 = 425). In summary, the AAPR is a novel index readily derived from a simple low-cost routine blood test
and is an independent prognostic indicator for patients with HCC regardless of treatment options.

1. Introduction

Hepatocellular carcinoma (HCC) is the fifth commonest can-
cer in men and the ninth in women worldwide. It is the sec-
ondmost common cause of cancer-related death and respon-
sible for nearly 746,000 deaths worldwide in 2012 [1]. Surgical
resection and liver transplantation are effective curative treat-
ment modalities for HCC. Although liver transplantation in
Asia-Pacific countries has been increasing in recent years,
it is still far less common than Western countries due to
shortage of donor liver [2]. However, tumour relapse is

a major complication of resection and affects about 70% of
patients at 5 years of follow-up [3]. Even amongst patients
with apparently early-stage disease (the Barcelona Clinic
Liver Cancer (BCLC) stage 0/A), the 1-year disease-free
survival rate is only 77%, which indicates that about one-
quarter of these patients suffer from tumour relapse within
the first year after resection [4]. Identification of patients at
high-risk of recurrence is critical to improve themanagement
of patients.

Several staging systems have been developed for predict-
ing clinical outcome and guiding treatment modalities for
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patients with HCC. Those widely used staging systems with
external validations include the American Joint Committee
on Cancer (AJCC) TNM staging system [5], the BCLC
system, the Cancer of the Liver Italian Program (CLIP) score
[6], the Chinese University Prognostic Index (CUPI) [7],
and the Japan Integrated Staging (JIS) [8]. Various serum
and tissue biomarkers have been investigated to provide
prognostic information. Serum alpha-fetoprotein (AFP) is
the most commonly used HCC biomarker as a screening,
diagnostic, and prognostic tool [9]. How is the prognostic
value of a simple routine blood test, liver function test (LFT)?
The clinical outcome of patients with HCC not only depends
on tumour extent but also hepatic function. LFT is a basic
routine blood test to evaluate hepatic function. Some of
its components, including albumin, bilirubin, and alkaline
phosphatase (ALP), have been shown to have prognostic
significance when they are incorporated into scores reflecting
liver function reserve (theChild-Pugh class and theModel for
End-stage Liver Disease (MELD)) and some staging systems
such as BCLC, CLIP, CUPI, and JIS [3, 6, 8, 10, 11]. However,
their independent prognostic impacts have seldom been
mentioned.

In the current study, we first analysed the prognostic
power of LFT components in a training cohort of patients
undergoing curative surgery to explore LFT parameters with
high discriminatory capacities. We then derived a novel
index, albumin-to-alkaline phosphatase ratio (AAPR), and
examined the clinicopathological correlation and prognostic
significance of the AAPR. The prognostic value of the AAPR
was further validated in other 2 independent cohorts of
patients receiving surgical resection and palliative therapy on
top of established staging systems including AJCC, BCLC,
CLIP, CUPI, and JIS systems.

2. Materials and Methods

2.1. Study Population and Variables. The training cohort
and validation cohort I recruited patients who underwent
curative surgical resection for primary HCC at Prince of
Wales Hospital (Hong Kong, China) from January 2001 to
June 2006, and July 2006 to December 2011, respectively.
The validation cohort II consisted of patients who received
palliative treatment for unresectable HCC at Prince of Wales
Hospital from January 2007 to December 2011. The study has
been approved by the institutional review board.

Baseline clinical and laboratory parameters (namely,
prothrombin time and international normalized ratio (INR),
liver and renal biochemistry, hepatitis B/C (HBV/HCV)
serology, AFP, Child-Pugh class, etc.) were retrieved and
reviewed from the hospital database. The blood tests except
viral serology were taken within 1 week before treatment.
The MELD was calculated based on the equation: 9.57 ×
(creatinine mg/dL) + 3.78 × ln(bilirubin mg/dL) + 11.2 ×
ln(INR) + 6.43 [10]. All patients were staged with the
following 5 major staging systems: the AJCC TNM staging
system (7th edition 2010), the BCLC staging system, the
CLIP score, the CUPI score, and the JIS score [3, 5, 6, 8,
10, 11]. The cut-off value of AFP was 500 as reported [7].

The histological diagnosis of all patients with resected HCC
was reviewed and confirmed by two pathologists (Anthony
W. H. Chan and Ka-Fai To). Histological grading was
based on WHO definition (well, moderately and poorly
differentiated). Vascular invasion included pathologically
identified gross vascular and microvascular invasions for
those resectable HCCs, and radiologically detected vascular
invasion for those unresectable HCCs.

All patients underwent surveillance after treatment in the
clinic with regular ultrasonography andmeasurement of AFP
according to the local practice. The duration of follow-up
was defined from the date of operation (or first diagnosis
for the validation cohort II) to the latest follow-up before
we analysed the data or the date of death. Overall survival
was defined from the time of surgery (or first diagnosis for
the validation cohort II) to the time of HCC-related death.
Disease-free survival was defined from the time of surgery
to the time of radiological evidence of tumour recurrence or
metastasis.

2.2. Statistical Analyses. Statistical analyses were performed
using chi-square test and Fisher’s exact test for difference
between groups, Student’s 𝑡-test for those betweenmeans, and
Mann-Whitney test for those between medians. The Kaplan-
Meier method was used to estimate the survival rates for
different groups.The equivalences of the survival curves were
tested by log-rank statistics. The Cox proportional hazards
model with the likelihood ratio statistics was employed for
univariate and multivariate survival analyses. The optimal
cutoff for the AALR was determined by a receiver operating
characteristic (ROC) curve. The performance of prognostic
factors was evaluated by the following: (1) the differences in
the survival times among patients is classified into different
groups (discriminatory ability); (2) the differences in the
survival times is small among patients classified into the
same group (homogeneity); (3) the mean survival time for
a group classified as favourable by that system is always
longer than the survival times noted in less favourable groups
(monotonicity of gradients) [12]. The Harrell’s concordance
index (c-index) was calculated by bootstrapping with 100
resamples to rank different prognostic factors according to
their discriminating abilities. The likelihood ratio (LR) test
was applied to evaluate the homogeneity and the mono-
tonicity of gradient. All statistical analyses were performed
by R version 3.02 (R Foundation for Statistical Computing,
Vienna, Austria). A 2-tailed 𝑃 value < 0.05 was regarded as
statistically significant.

3. Results

3.1. Clinicopathological Characteristics. Table 1 lists clinical
and laboratory data of the training cohort. The training
cohort consisted of 217 patients, who were derived from a
larger set of 242 patients after exclusion of 25 patients because
of palliative surgery (𝑛 = 5), liver transplant (𝑛 = 8), recur-
rent HCC (𝑛 = 6), combined HCC-cholangiocarcinoma (𝑛 =
4), and incomplete laboratory data (𝑛 = 2).Themean age was
54.0 years; most of them were male (84.3%). One hundred
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Table 1: Clinicopathological characteristics of 3 independent cohorts.

Training cohort Validation cohort I Validation cohort II
𝑛 = 217 𝑛 = 256 𝑛 = 425

Patient factors
Male gender 183 (84.3%) 223 (87.1%) 378 (88.9%)
Age (years, mean ± SD) 54.0 ± 11.4 57.8 ± 10.1 60.4 ± 12.1
Hepatitis B 190 (87.6%) 208 (81.2%) 346 (81.4%)
Hepatitis C 7 (3.2%) 9 (3.5%) 28 (6.6%)
Non-B/non-C

Alcohol liver disease 4 (1.8%) 7 (2.7%) NA
Nonalcoholic fatty liver disease 10 (4.6%) 24 (9.4%) NA
No known chronic liver disease 6 (2.8%) 8 (3.1%) NA

Child-Pugh class
A 207 (95.4%) 253 (98.8%) 266 (62.6%)
B 9 (4.1%) 3 (1.2%) 132 (31.1%)
C 1 (0.5%) 0 (0.0%) 27 (6.3%)

Liver function test
Albumin (g/L, mean ± SD) 38.6 ± 4.7 41.0 ± 4.4 36.5 ± 15.8
Bilirubin (𝜇mol/L, mean ± SD) 12.6 ± 11.7 11.3 ± 5.8 39.0 ± 68.1
ALT (IU/L, mean ± SD) 61.6 ± 44.4 51.7 ± 39.1 80.0 ± 68.9
ALP (IU/L, mean ± SD) 97.5 ± 39.5 96.0 ± 70.7 208.6 ± 157.5
Albumin/ALP (AAPR, median) 0.45 (IQR: 0.33–0.54) 0.48 (IQR: 0.38–0.63) 0.21 (IQR: 0.13–0.33)

Tumour factors
Tumour size (cm, mean ± SD) 5.2 ± 3.2 5.2 ± 3.8 9.2 ± 4.8
Histological grade

Well-differentiated 31 (14.3%) 45 (17.6%) NA
Moderately differentiated 150 (69.1%) 187 (73.3%) NA
Poorly differentiated 36 (16.6%) 23 (9.0%) NA

Multiple tumours 51 (23.5%) 57 (22.3%) 304 (71.5%)
Vascular invasion 63 (28.6%) 70 (27.3%) 163 (38.4%)
Liver capsular breach 22 (10.1%) 22 (8.6%) NA
Lymph node metastasis 0 (0.0%) 0 (0.0%) 63 (14.8%)
Distant metastasis 0 (0.0%) 0 (0.0%) 82 (19.3%)
AJCC stage

I 118 (54.4%) 155 (60.5%) 73 (17.2%)
II 55 (25.3%) 54 (21.1%) 95 (22.4%)
III 44 (20.3%) 47 (18.4%) 141 (33.2%)
IV 0 (0%) 0 (0%) 116 (27.3%)

BCLC stage
0/A 155 (74.4%) 207 (80.9%) 26 (6.1%)
B 16 (7.4%) 16 (6.2%) 103 (24.2%)
C 45 (20.7%) 33 (12.9%) 266 (62.6%)
D 1 (0.5%) 0 (0%) 30 (7.1%)

CLIP score
0 109 (50.2%) 148 (57.8%) 29 (6.8%)
1 69 (31.8%) 76 (29.7%) 71 (16.7%)
2 31 (14.3%) 27 (10.5%) 97 (22.8%)
3 6 (2.8%) 5 (2.0%) 106 (24.9%)
4/5/6 2 (0.9%) 0 (0%) 122 (28.7%)

CUPI score
Low risk 202 (93.1%) 243 (94.9%) 167 (39.3%)
Intermediate risk 14 (6.5%) 12 (4.7%) 187 (44.0%)
High risk 1 (0.5%) 0 (0%) 71 (16.7%)
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Table 1: Continued.

Training cohort Validation cohort I Validation cohort II
𝑛 = 217 𝑛 = 256 𝑛 = 425

JIS score
0 18 (8.3%) 35 (13.7%) 0 (0%)
1 106 (48.8%) 130 (50.8%) 59 (13.9%)
2 68 (31.3%) 55 (21.5%) 167 (39.3%)
3/4/5 25 (11.6%) 36 (14.1%) 199 (46.8%)

Serum AFP (𝜇g/L, median) 90.0 (IQR: 10.5–1042.0) 37.0 (IQR: 4.2–382.8) 357.0 (IQR: 21.0–15430.0)
IQR: interquartile range; NA: not available; SD: standard derivation.

Table 2: The discriminatory ability, homogeneity, and monotonicity of tumour stages and liver function parameters in prognostication in
the training cohort.

Prognostic factor Overall survival Disease-free survival
LR test (𝜒2) 𝐶-index LR test (𝜒2) 𝐶-index

Tumour stage
AJCC 56.935 0.723 57.338 0.702
BCLC 33.721 0.649 36.753 0.637
CLIP 27.807 0.663 34.951 0.662
CUPI 4.214 0.531 6.694 0.538
JIS 46.120 0.708 37.194 0.669

Liver function
Albumin 17.358 0.626 10.006 0.594
Bilirubin 7.362 0.571 5.543 0.534
ALT 4.286 0.564 5.241 0.548
ALP 14.635 0.612 13.539 0.600
Albumin/ALP (AAPR) 24.774 0.646 21.331 0.627
MELD 10.809 0.592 11.333 0.572
Child-Pugh score 9.243 0.557 5.535 0.539

and ninety patients (87.6%) had chronic HBV infection, and
59.0% had histological evidence of cirrhosis. The majority of
the patients (95.4%) were classified as Child-Pugh class A.
The mean MELD score was 8.6. Sixty-nine patients (31.8%)
had elevated serum AFP level ≥500𝜇g/L. The mean tumour
size was 5.2 ± 3.2 cm. One hundred and sixty-six patients
(76.5%) had a solitary tumour.Vascular invasionwas found in
28.6% of tumours. No patient had nodal or distantmetastasis.
The median follow-up duration was 44.5 months (range: 0.1–
160.7). At the time of analysis, 126 patients (58.1%) were alive
but only 92 patients (42.4%) did not suffer from tumour
relapse. The median overall and disease-free survival period
was 48.0 months and 20.8 months, respectively.

3.2. Establishment, Clinicopathological Association, and Prog-
nostic Significance of AAPR. In comparison among parame-
ters evaluating liver function, c-indices and 𝜒2 (by LR test) of
albumin andALPwere higher than those of bilirubin, alanine
aminotransferase (ALT), Child-Pugh score, andMELD score
(Table 2). A novel index, AAPR, was then derived from these
2 parameters with high discriminatory capacities and was

calculated by dividing albumin (g/L) by ALP (IU/L). The c-
index and 𝜒2 (by LR test) of the AAPR was highest of these
parameters.

Hypoalbuminaemia (<35 g/L, lower limit of normal) and
elevated ALP (>110 IU/L, upper limit of normal) were found
in 18.0% and 28.1% of patients, respectively. The mean AAPR
was 0.46 ± 0.20 (interquartile range: 0.33–0.54). The optimal
cutoff for the AAPR was determined by a ROC curve
according to overall and disease-free survival. All patients
were classified into 3 groups: a high-risk AAPR (<0.23)
group (8.3%), an intermediate-risk AAPR (0.23–0.68) group
(82.5%), and a low-risk AAPR (>0.68) group (9.2%). The
high-risk AAPR group was associated with poor prognostic
features including Child-Pugh class B/C (𝑃 = 0.010), higher
MELD score (𝑃 = 0.005), multiple tumours (𝑃 = 0.033),
advanced tumour stages (AJCC (𝑃 = 0.026), BCLC (𝑃 =
0.001), CUPI (𝑃 = 0.001), and JIS (𝑃 = 0.001)). There was
no association of AAPR with histological grade, tumour size,
vascular invasion, and liver capsular bleach.

The high-risk AAPR group was associated with poor
overall survival (2-year and 5-year survival rates of 32%
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Figure 1: Kaplan-Meier survival plots stratified by albumin-to-alkaline phosphatase ratio in (a and b) The training cohort of patients
underwent curative surgery; (c and d) the validation cohorts of patients underwent curative surgery, and (e) receiving palliative therapy.

and 11%) compared to those of the intermediate-risk (2-
year and 5-year survival rates of 76% and 61%) and low-risk
(2-year and 5-year survival rates of 95% and 95%) AAPR
groups (Figure 1(a)). On the univariate analysis, the following
parameters were also associated with unfavourable overall
survival: older age, cirrhotic background, larger tumour
size, poorer histological differentiation, tumour multiplicity,
the presence of vascular invasion, advanced tumour stages
(AJCC, BCLC, CLIP, CUPI, and JIS), and serum AFP
≥500𝜇g/L. The multivariate analysis on these parameters
revealed that cirrhotic background, AJCC stage, and AAPR
were independently associatedwith overall survival (Table 3).
The adjusted hazard ratio (HR) of death for the AAPR was
2.36 (95% CI 1.36–4.10, 𝑃 = 0.002).

The high-risk AAPR group was also associated with
inferior disease-free survival (2-year and 5-year survival rates
of 9% and 9%) compared to those of the intermediate-risk
(2-year and 5-year survival rates of 53% and 44%) and low-
risk (2-year and 5-year survival rates of 90% and 67%) AAPR
groups (Figure 1(b)). The univariate analysis showed that
unfavourable disease-free survival was associated with larger
tumour size, poorer histological differentiation, tumourmul-
tiplicity, the presence of vascular invasion, advanced tumour
stages (AJCC, BCLC, CLIP, CUPI, and JIS), and serum AFP
≥500𝜇g/l.Themultivariate analysis demonstrated that AJCC
stage and AAPR were independent prognostic factors for
disease-free survival (Table 3). The adjusted HR of tumour
relapse for the AAPR was 1.85 (95% CI 1.16–2.96, 𝑃 = 0.010).
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3.3. Validation of Prognostic Value of AAPR. The prognostic
significance of the AAPR was further validated by 2 indepen-
dent and larger validation cohorts (Table 1). The validation
cohort I was composed of 256 patients who underwent
curative surgical resection. The clinicopathological features
of patients in the validation cohort I were similar to those in
the training cohort. The median follow-up duration was 38.9
months (range: 0.1–95.4). The median overall and disease-
free survival period was 38.9 months and 34.1 months,
respectively. All patients were stratified into 3 groups: high-
risk (5.5%), intermediate-risk (78.5%), and low-risk (16.0%)
AAPR groups. More patients were classified as a low-risk
AAPR group because the mean AAPR of this validation
cohort (0.51 ± 0.19, interquartile range: 0.38–0.63) was higher
than that of the training cohort (𝑃 = 0.001). The high-
risk AAPR group was associated with unfavourable overall
survival (2-year and 5-year survival rates of 70% and 41%)
compared to those of the intermediate-risk (2-year and 5-
year survival rates of 89% and 69%) and low-risk (2-year
and 5-year survival rates of 98% and 95%) AAPR groups
(Figure 1(c)). The high-risk AAPR group was also associated
with adverse disease-free survival (2-year and 5-year survival
rates of 39% and 39%) compared to those of the intermediate-
risk (2-year and 5-year survival rates of 65% and 51%) and
low-risk (2-year and 5-year survival rates of 85% and 78%)
AAPR groups (Figure 1(d)). The AAPR was an independent
prognostic factor on top of all 5 staging systems in estimating
overall and disease-free survival in multivariate analyses
(Table 4).

The validation cohort II consisted of 425 patients with
inoperable HCC receiving palliative treatments including
transarterial therapy (𝑛 = 125), systemic chemotherapy
(𝑛 = 99), and supportive care (𝑛 = 201). Patients in the
validation cohort II were older in age and had higher Child-
Pugh class and more advanced tumour stage, compared to
those in the training cohort. The median follow-up period
was 5.3months (0.1–62.6).Themedian overall survival period
was 5.3 months. The mean AAPR of this validation cohort
(0.26 ± 0.20) was significantly lower than that of the training
cohort (𝑃 < 0.001). All patients were distributed into 3
groups: high-risk (53.0%), intermediate-risk (44.9%), and
low-risk (2.1%) AAPR groups. The high-risk AAPR group
was associated with poor overall survival (6 month and 2-
year survival rates of 31% and 9%) compared to those of
the intermediate-risk (6 month and 2-year survival rates of
69% and 27%) and low-risk (6 month and 2-year survival
rates of 76% and 61%) AAPR groups (Figure 1(e)).The AAPR
was an independent prognostic factor in addition to all 5
staging systems in predicting clinical outcome inmultivariate
analyses (Table 4).

4. Discussion

Various staging systems have been developed to estimate
prognosis and guide management decisions for patients with
HCC. The AJCC staging system has been widely validated
to provide an excellent stratification for patients who under-
went surgical resection and liver transplantation [13] and

is recommended by the American Hepato-Pancreato-Biliary
Association for classifying surgical patients [14]. Our study
reiterated this phenomenon by showing that theAJCC system
has the highest c-index and 𝜒2 (by LR test) among surgically
treated patients. However, the discriminatory capacity of
the AJCC system is greatly diminished for patients with
advanced unresectable HCC and poor hepatic function [5].
The discrepancy in prognostic performance of the AJCC
staging system is not unexpected because the AJCC system
evaluates tumour extent only, regardless of liver function
reserve, which is another essential factor affecting clinical
outcome of patients with HCC. Many other staging systems,
such as BCLC, CLIP, CUPI, and JIS, incorporate both tumour
factor and hepatic function status to provide better prognos-
tic stratification [3, 6, 8, 11]. For patients with advanced HCC,
CLIP and CUPI have been shown to be the most informative
staging systems in predicting survival [15, 16]. Nevertheless,
a unique universally accepted system for categorizing HCC
is still not available despite a number of comparative studies
and multidisciplinary consensus panel meetings [17].

LFT is a low cost and easily accessible blood test in eval-
uating liver function. Albumin is a protein synthesized spe-
cifically by the liver. Hypoalbuminaemia in patients with
HCC is not only contributed by impaired liver function due
to the underlying chronic liver disease, but also associated
with a sustained systemic inflammatory response, either from
the tumour itself or as a host reaction [18]. Albumin is
a good indicator of hepatic protein synthetic capacity, as
well as a useful marker for the host inflammatory response,
which is crucial in tumorigenesis from tumour initiation
to metastatic dissemination [19]. It has been integrated
into several staging systems, including BCLC, CLIP, and
JIS systems, to provide prognostic information for patients
with HCC. ALP is a hydrolase enzyme found in all tissues
throughout the whole body but is primarily present in liver,
bile duct, bone, kidney, and placenta. It is an independent
prognostic factor for patients with HCC [20] and is included
as one of the parameters in some staging systems such
as CUPI system. Our study confirmed the discriminatory
power of albumin and ALP in predicting overall and disease-
free survival by showing highest c-indices among other
indicators of hepatic dysfunction including bilirubin, ALT,
Child-Pugh score, and MELD score. However, albumin and
ALP have never been put together to evaluate their combined
prognostic significance. Hence we introduced a novel and
simple index, AAPR. The AAPR is a powerful prognostic
indicator with the highest c-index and 𝜒2 (by LR test) among
other liver biochemical parameters.TheAAPR is an indepen-
dent prognostic factor for overall and disease-free survival for
patients with HCC receiving curative surgery. Its prognostic
significance in addition to widely used staging systems was
confirmed in the validation cohort of surgically treated
patients and further extended to another validation cohort
of patients having palliative therapy. Stratification of patients
by the AAPR into prognostically different groups allows
clinicians to decide appropriatemanagement plan for patients
with HCC.
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Our study has few limitations. First, our cohorts were
retrospective cohorts and composed of Chinese patients only.
Most were suffering from chronic HBV infection. None
received other forms of curative treatments including liver
transplantation and locoablative therapy. Moreover, sub-
group analyses were not performed to evaluate prognostic
significance of the AAPR among patients in different tumour
stages because of relatively small sample size after subcatego-
rization. Before generalization of AAPR in prognostication
for HCC, it should be validated in prospective cohorts, other
populations with different aetiological risk factors, patients
having liver transplantation and locoablative therapy, and
larger cohorts allowing subgroup analyses.The optimal cutoff
for AAPR also requires external validations.

In summary, the AAPR is a novel index readily derived
from a simple low-cost routine blood test and is an indepen-
dent prognostic indicator for patients with HCC regardless of
treatment options. It provides additional prognostic informa-
tion to the widely used tumour staging systems.
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