Original Article

Integration of Prealbumin into Child-Pugh Classification
Improves Prognosis Predicting Accuracy in HCC Patients
Considering Curative Surgery
Xiajie Wen1, Mingjie Yao2, Yiwei Lu6, Junhui Chen1, Jiyuan Zhou1, Xiangmei Chen2,
Yun Zhang2, Weiquan Lu3, Xiangjun Qian2, Jingmin Zhao4, Ling Zhang*3, Shigang Ding*5
and Fengmin Lu*1,2
1
Department of Minimally Invasive Intervention, Peking University Shenzhen Hospital, Shenzhen PKU-HKUST Medical Center,
Shenzhen, China; 2Department of Microbiology & Infectious Disease Center, School of Basic Medical Sciences, Peking University
Health Science Center, Beijing, China; 3Department of Hepatopancreatobiliary Surgery, Henan Cancer Hospital Affiliated to
Zhengzhou University, Zhengzhou, China; 4Department of Pathology and Hepatology, Beijing 302 Hospital, Beijing, China;
5
Peking University Third Hospital, Department of Gastroenterology, Beijing, China; 6University of North Carolina - Eshelman
School of Pharmacy, Chapel Hill, NC, USA

Abstract
Background and Aims: The poor outcomes of hepatocellular
carcinoma (HCC) patients may be due to not only malignant
tumors but also limited liver function. Therefore, as stated in
major guidelines, only patients with relatively normal liver
function (Child-Pugh A) would be referred for curative hepatectomy. Even so, the postsurgery survival rate of patients is
still extremely poor. To direct curative resection to the patients
it will benefit the most, this study aimed to improve the prognosis predicting accuracy of the Child-Pugh scoring system.
Methods: This study included two cohorts: cohort A being
composed of 613 HCC patients, with a 23-month median
postsurgery follow-up time; and cohort B being composed of
554 tumor-free chronic liver disease patients. Kaplan–Meier
test and Cox model were used for survival analysis.
Independent-samples t test or one-way ANOVA was used to
test the differences between different groups. Results: Serum
prealbumin levels were found inversely correlated with worsening of fibrotic scores (r = −0.482, p < 0.001). Lower levels of
presurgery prealbumin was an independent factor of poor
postsurgery prognosis in Child-Pugh A patients, with a hazard
ratio of 0.731 (p = 0.001). By integrating prealbumin together
with total bilirubin level, serum albumin concentration and
prothrombin time, a modified liver disease prognosis scoring
system was developed to define traditional Child-Pugh A HCC
patients as Modified Child-Pugh MCP-1, MCP-2 and MCP-3, with
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median postsurgery overall survival times of 44.00, 28.00 and
11.00 months respectively. Conclusions: Preoperative serum
prealbumin is a valuable prognosis predicting biomarker for
Child-Pugh A HCC patients who may be under consideration
for curative resection. With serum prealbumin included as
one of the parameters, the MCP scoring system might improve
the postsurgery survival predicting accuracy for HCC patients.
Citation of this article: Wen X, Yao M, Lu Y, Chen J, Zhou J,
Chen X, et al. Integration of prealbumin into Child-Pugh
classification improves prognosis predicting accuracy in HCC
patients considering curative surgery. J Clin Transl Hepatol
2018;6(3):1–8. doi: 10.14218/JCTH.2018.00004.
Introduction
Primary liver cancer is one of the most lethal human malignancies worldwide.1 China alone accounts for about 50% of the
annual total number of new cases and deaths. Among them,
85–90% are hepatocellular carcinoma (HCC)-related cases.2
Although there have been some improvements in diagnosis
and treatment, the mortality rate of HCC remains unacceptably
high and long-term outcomes remain suboptimal.3,4
Poor postsurgery outcomes have been mainly attributed to
tumor-related factors, including tumor size, vascular invasion,
p53 mutation, and higher alpha fetoprotein (AFP), etc.5–10 The
liver is a vital organ of the human body. Its wide range of
functions include protein synthesis, detoxification of various
metabolites, production of hormones, production of biochemicals necessary for digestion, etc. Since a majority of liver
cancer patients also suffer from chronic liver disease (CLD),
cirrhosis is very common among patients with liver cancer.2
Therefore, it is reasonable to postulate that the limited functions of the liver postresection may greatly affect the prognosis
of patients who undergo curative surgical treatment.
Currently, though several treatment choices are available to
HCC patients, liver resection remains the only treatment with
curative potential. To direct curative resection to the patients it
will benefit the most, the newly updated American Association for
the Study of Liver Diseases guideline for the treatment of HCC
(2017) recommends that only Child-Pugh A patients, in which
liver function is considered to be relatively close-to-normal, be
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referred to curative surgery.11 The Child-Pugh classification
system was developed in 1973 to estimate the risk of operative
mortality in patients with bleeding esophageal varices.12 Since
then it has been modified, refined, and become a widely used
tool to assess prognosis in patients with CLD and cirrhosis.13
In addition to the two factors based on clinical assessment
(i.e. degree of ascites and degree of hepatic encephalopathy),
the other three parameters for scoring (i.e. total bilirubin
(TBIL), serum albumin (Alb), and prothrombin time (PT)) are
indicators of the synthetic function of the liver. Prealbumin (PA)
is a recently available biomarker indicative of liver synthetic
functions and was not included in the traditional Child-Pugh
classification system. In this study, the prognosis predicting
value of PA on the long-term postsurgery survival of HCC
patients who underwent hepatic resection was evaluated. More
than that, by integrating preoperative PA as a parameter along
with the three traditional parameters of TBIL, Alb, and PT, a
new classification system was developed with improved prognosis predicting accuracy in Child-Pugh A HCC patients planning to undergo curative resection.

were: (1) HCC diagnosis confirmed by pathology; (2) no receipt
of chemotherapy or radiotherapy before the surgery; and (3)
adequate clinical data that could be checked in the hospital. All
patients were enrolled for follow-up. The follow-up was carried
out every 3 months in the first year and every 6 months in the
next 4 years. The last follow-up time was January 2017. During
the follow-up process, 75 (12.2%) patients were lost.
In order to investigate the correlation between liver synthetic
function-relevant biomarkers, including PA to patient liver
fibrosis/cirrhosis severity, a cross-sectional study was carried
out using cohort B, which was composed of 554 tumor-free precirrhosis and cirrhosis patients with CLD. The fibrosis degree
was assessed according to the Metavir scoring system. Fibrosis
was staged on a 0–4 scale: F0, no fibrosis; F1, portal fibrosis
without septa; F2, portal fibrosis and a few septa extending into
lobules; F3, numerous septa extending to adjacent portal tracts
or terminal hepatic venules; and F4, cirrhosis.14
This study was approved by the Ethics Committee of
Peking University Health Science Center (Beijing, China).
Written informed consent was obtained from all participants.

Methods

Statistical analysis

Study population and clinical data collection

Cumulative survival was assessed by the Kaplan–Meier test.
The differences of survival curves were analyzed using logrank analysis. Cox modeling was performed to assess
whether the biomarkers of liver synthetic functions were
independent factors to patients’ postsurgery overall survival.
Correlations between the three biomarkers and basic clinical

This study included two cohorts. Cohort A was composed of 613
Chinese HCC patients who underwent curative resection in
Henan Cancer Hospital (Zhengzhou, China) between February
2009 and July 2013. The inclusion criteria for the patients

Table 1. Characteristics of the patients

HCC patients (n = 613)

CLD patients (n = 554)

N

Mean 6 SD

N

Mean 6 SD

Sex, M/F

502/111

–

305/249

–

Fibrosis stage, F0–1/F2/F3/F4

–

–

198/96/85/175

–

Variable

HBV, +/−

485/119

–

220/309

–

HCV, +/−

19/594

–

46/508

–

BCLC, A/B

514/99

–

–

–

Child-Pugh, A/B/C

545/68/0

–

402/52/6

–
43.67 6 12.47

Age, <60/$60 years

475/138

52.94 6 10.41

491/63

Tumor size, <5/$5 cm

207/403

8.51 6 5.32

–

–

GGT, #50/>50 U/L

188/423

122.73 6 127.28

272/277

107.84 6 178.82

ALT, #40/>40 U/L

321/290

64.66 6 132.96

256/293

118.80 6 221.85

AST, #40/>40 U/L

209/402

71.69 6 136.70

298/251

83.93 6 165.20

ALP, #150/>150 U/L

496/115

118.32 6 70.64

457/92

116.13 6 98.96

Alb, <35/$35 g/L

67/544

40.53 6 5.37

82/467

39.40 6 4.75

PA, <200/$200 mg/L

420/104

155.83 6 53. 81

334/214

175.88 6 69.52

Platelet count, <100/100–300/>300 3 109/L

137/433/37

158.38 6 78.82

92/442/16

169.22 6 68.33

PT, #14.3/>14.3 s

460/139

13.35 6 2.08

250/301

11.35 6 1.41

RBC, <3.5/$3.5 3 1012/L

62/510

4.24 6 0.68

207/343

4.45 6 0.63

AFP, <400/$400 ng/mL

338/268

513.15 6 536.29

550/4

15.28 6 71.53

TBIL, #17.1/>17.1 mmol/L

402/209

17.55 6 19.70

370/179

25.36 6 43.64

Abbreviations: Alb, albumin; AFP, alpha fetoprotein; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate transaminase; BCLC, Barcelona Clinic Liver
Cancer; GGT, gamma-glutamyl transferase; HBV, hepatitis B virus; HCV, hepatitis C virus; PA, prealbumin; PT, prothrombin time; RBC, red blood cell; TBIL, total bilirubin.
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data were analyzed using Spearman’s correlation. As for
quantitative indicators, independent samples t test or oneway ANOVA were used to test the difference between different groups. Two-sided p-values less than 0.05 were defined
as statistically significant. All analyses were performed with
SPSS v21.0 (Xishu Software Company, Shanghai, China). The
cut-off value in this research was found through receiver
operating characteristic curves.15
Results
Characteristics and clinical data of patients
This study enrolled two cohorts, including 613 HCC patients for
cohort A and 554 CLD patients for cohort B. For cohort A, the
median follow-up time was 23 months. The normal reference
levels of the biochemistry variables were those used in the
hospital. In addition, Child-Pugh classes A to C were determined by the following 5 assessments: concentrations of TBIL,
Alb and PT, and degrees of ascites and hepatic encephalopathy; the Barcelona Clinic Liver Cancer (BCLC) stages A to D
were determined by Child-Pugh classification, performance

status, and tumor status. The baseline characteristics of the
patients are shown in Table 1.
Presurgery PA was an independent prognosis factor
for Child-Pugh A HCC patients who underwent curative
surgery
First, the differences in the level of PA and other parameters,
including PT prolonged second, TBIL and Alb, between patients
with different background were analyzed. Of the four parameters, PA exhibited significant differences with obvious
changes in value in regards to patient sex, chronic hepatitis B
virus or hepatitis C virus infection, the stage of BCLC classification, and Child-Pugh scores (Supplementary Table 1).
Since male patients had higher PA levels than that of
females, sex differences were taken into consideration when
trying to set the optimized cut-off values via receiver operating characteristic curve plotting. Ranges of “normal” PA
levels were derived for male and female patients, being
120–190 mg/L and 110–170 mg/L respectively, which was
different from the normal range of 200–400 mg/L referred for
both male and female individuals in current clinical practices.

Fig. 1. Kaplan-Meier curves for different PA group patients. (A) Best cut-off value (low PA group: male <120 mg/L, female <110; medium PA group: male 120–190 mg/L,
female 110–170 mg/L; high PA group: male >190 mg/L, female >170 mg/L) (p < 0.001). (B) Clinical cut-off value (low PA group: <200 mg/L; high PA group: $200 mg/L)
(p < 0.001). (C) Child-Pugh A patients divided according to the best cut-off of PA (p < 0.001). (D) Child-Pugh B patients divided according to the best cut-off of PA (p = 0.719).
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Next, the patients were subdivided into three groups according to the new cut-off values for male and female, including low
PA, medium PA, and high PA groups. As expected, patients in
the high PA group exhibited the highest postsurgery survival
rate, while patients in the low PA group had the lowest survival
rate, as shown by the survival curve analysis (Fig. 1A). No
patients in this cohort had preoperative serum PA higher than
400 mg/L, so based on the clinical cut-off value, the patients can
only be divided into two groups. As shown in Fig. 1B, the same
tendency was also observed when the patients were divided
according to the clinical cutoff value (200 mg/L). Interestingly,
further stratified analyses revealed that PA exhibited prognosis
predicting power only in Child-Pugh A HCC patients (p < 0.001;
Fig. 1C) and not in Child-Pugh B patients (p = 0.719; Fig. 1D).
The new American Association for the Study of Liver
Diseases guide for the treatment of HCC (2017) does not
refer to curative resection if a patient’s tumor size is $5 cm,11
though some patients may still be referred to surgery in
China.16 Next, according to their tumor size, the Child-Pugh
A patients were further divided into the big-tumor group
($5 cm) and small-tumor group (<5 cm). Then, the prognosis
predicting role of PA was evaluated respectively in the
two groups. As shown in Supplementary Fig. 1, among the
Child-Pugh A patients, the PA-high individuals had longer postsurgery survival time than did the PA-low individuals, both in
those patients harboring small tumors (median overall survival
times: >60 months vs. 19 months, p < 0.001) as well as in
those patients with large tumors (median overall survival
times: 28 months vs. 10 months, p < 0.001). Noticeably, in
patients classified as Child-Pugh A, the median overall survival
times of those patients with small tumor size was much better
than those with tumors $5 cm (>60 months vs. 28 months, p <
0.001). However, presurgery PA level failed to act as a prognosis predicting marker in Child-Pugh B patients (p = 0.162).
To further confirm the prognosis predicting power of presurgery PA level using Cox regression, a total of 14 potential clinical

variables were analyzed as candidate factors associated with
Child-Pugh A HCC patients’ prognosis. As shown in Table 2,
tumor size, BCLC classification, the levels of AFP, aspartate
transaminase (AST) and gamma-glutamyl transferase (GGT),
and platelet count were successfully isolated as independent
predictors for patients’ overall postsurgery survival, giving
hazard ratio values of 1.605, 1.441, 1.366, 1.502, 1.419 and
0.771, respectively. In addition to these already known factors,
PA was also identified as an independent predictor. With a hazard
ratio value of 0.731, preoperative PA level was a protective
factor for patient overall survival in Child-Pugh A HCC patients.
PA levels were inversely correlated with worsening
fibrotic/cirrhotic scores among the tumor-free CLD
patients
The synthetic function of the liver is significantly influenced by
CLD progression, particularly fibrosis/cirrhosis. To find the
relationship between fibrotic severity and PA levels in CLD
patients, a cohort of 554 tumor-free CLD patients was used. At
least two pathologists scored each patient’s degree of fibrosis
independently. In these patients, all five parameters (PT, TBIL,
Alb, PA, AST, and GGT) showed gradual but significant changes
in concentration accompanied by an increase in fibrotic scores
(from F0–1 to F2, F3 and F4) (Table 3).
Regarding PA, the correlation coefficients (r-values) between
the decline of serum PA level and the worsening of fibrotic
scores was −0.482 (p < 0.001) overall, −0.420 (p < 0.001)
for hepatitis B virus-positive patients, −0.485 (p = 0.002) for
hepatitis C virus-positive patients, −0.308 (p = 0.002) for nonalcoholic steatohepatitis patients, and −0.454 (p < 0.001) for
other patients. Compared to AST and GGT, which have been
regarded as the indicators of liver fibrotic severity, serum PA
had a relatively small individual difference in the patients with
the same fibrotic scores, while the relative larger standard

Table 2. Multivariate Cox proportional hazard model for predictors of death for Child-Pugh A patients

b

Variable

HR

95% CI

P

Sex, M/F

−0.192

0.825

0.588, 1.157

0.265

Age, <60/$60 years

0.058

1.060

0.779, 1.441

0.712

Tumor size, <5/$5 cm

0.473

1.605

1.181, 2.181

0.003

BCLC, A/B

0.365

1.441

1.066, 1.947

0.017
0.014

AFP, <400/$400 ng/mL

0.312

1.366

1.065, 1.752

ALT, #40/>40 U/L

−0.207

0.813

0.616, 1.072

0.142

AST, #35/>35 U/L

0.407

1.502

1.103, 2.046

0.010

ALP, #150/>150 U/L

0.247

1.280

0.943, 1.738

0.113

GGT, #50/>50 U/L

0.350

1.419

1.032, 1.950

0.031

TBIL, #17.1/>17.1 mmol/L

0.011

1.011

0.776, 1.319

0.933

Platelet count,
<100/100–300/>300 3 109/L

−0.319

0.771

0.566, 0.933

0.012

PT, <12/12–14/>14 s

0.082

1.086

0.795, 1.482

0.604

Alb, <34/34–48/>48 g/L

−0.246

0.782

0.501, 1.218

0.277

PA, male <120/120–190/>190 mg/L,
female <110/110–170/>170 mg/L

−0.313

0.731

0.606, 0.883

0.001

Abbreviations: Alb, albumin; AFP, alpha fetoprotein; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate transaminase; BCLC, Barcelona Clinic Liver
Cancer; CI, confidence interval; GGT, gamma-glutamyl transferase; HR, hazard ratio; PA, prealbumin; PT, prothrombin time; TBIL, total bilirubin.
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24

F3

F4

10

15

F3

F4
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30

63

F3

F4

34.15 6 81.76
62.34 6 84.81

11.42 6 1.08

12.35 6 1.96

43.66 6 68.98
20.61 6 17.75

<0.001

11.05 6 0.72

11.02 6 1.67

18.13 6 11.14
44.67 6 44.31

10.90 6 0.71

12.13 6 1.99

13.28 6 6.36
23.84 6 50.86

<0.001

10.69 6 0.65

10.56 6 0.73

21.50 6 26.09
16.09 6 8.26

11.48 6 0.97

9.77 6 5.84

12.10 6 1.31

0.001
11.91 6 4.24

10.19 6 0.59

11.00 6 0.73

0.137

0.003

0.189

0.030

p

34.21 6 4.86

38.47 6 4.00

39.08 6 3.51

40.07 6 4.53

35.87 6 6.80

43.50 6 3.87

42.39 6 3.11

<0.001

106.44 6 52.25

164.73 6 56.95

165.63 6 62.33

194.93 6 70.86

152.40 6 69.85

240.80 6 69.01

237.50 6 50.41

246.24 6 52.08

131.85 6 62.02

42.63 6 3.87

172.00 6 61.05

193.00 6 54.02

193.33 6 35.02

136.20 6 63.84

168.85 6 49.81

194.36 6 49.76

196.29 6 55.14

Mean 6 SD

39.40 6 5.41

<0.001

0.139

<0.001

p

PA, mg/L

37.46 6 4.71

41.13 6 2.80

40.33 6 3.67

38.61 6 4.86

39.84 6 3.82

40.69 6 3.65

40.71 6 3.12

Mean 6 SD

Alb, g/L

<0.001

<0.001

0.013

<0.001

p

198.15 6 172.61

142.64 6 155.78
199.79 6 198.33

65.18 6 67.84

241.63 6 368.83

276.33 6 509.16

81.30 6 77.06

113.94 6 165.52

87.04 6 81.18

70.33 6 70.22

44.00 6 31.47

29.25 6 24.15

49.89 6 37.24

91.96 6 101.78

41.53 6 30.03

30.64 6 29.06

42.85 6 68.98

Mean 6 SD

194.18 6 278.33

0.003

0.089

0.593

<0.001

p

GGT, U/L

78.41 6 104.81

120.97 6 166.65

59.33 6 57.24

97.60 6 158.90

56.83 6 45.91

43.21 6 33.21

70.38 6 85.62

43.60 6 19.71

37.25 6 22.35

52.22 6 37.45

118.74 6 149.26

57.5 6 98.59

30.20 6 17.20

49.03 6 65.56

Mean 6 SD

AST, U/L

0.582

0.030

0.308

<0.001

p

Abbreviations: Alb, albumin; AST, aspartate transaminase; GGT, gamma-glutamyl transferase; HBV, hepatitis B virus; HCV, hepatitis C virus; NASH, nonalcoholic steatohepatitis; PA, prealbumin; PT, prothrombin time;
TBIL, total bilirubin.

68

24

F0–1

F2

Other

58

18

F0–1

F2

NASH

9

8

F0–1

44.67 6 44.31

12.08 6 1.66

72

F2

HCV+

18.13 6 11.14

11.39 6 0.88

13.28 6 6.37

Mean 6 SD

40

F3

<0.001

p

23.84 6 5.86

11.08 6 0.85

Mean 6 SD

TBIL, mmol/L

11.26 6 0.99

62

44

F0–1

n

F2

HBV+

Item

PT, s

Table 3. Levels of six clinical biomarkers in patients with different fibrosis degree and different hepatitis virus infection background
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deviation of AST and GGT indicated that they could be affected
by other factors, for example, necroinflammation of the liver.
The data here implicate the potential use of serum PA as a
surrogate marker functionally reflecting fibrosis severity.
However, PA did not change a lot between patients with
fibrosis stage F1-F2, so the use of PA in diagnosing early
fibrosis would be limited.
Pre-surgery PA levels were able to further subdivide
Child-Pugh class A HCC patients with significantly
different postsurgery overall survival times
Since preoperative PA level was found to greatly influence
HCC patients’ prognosis, we wondered if PA might improve
the accuracy of the Child-Pugh system in predicting postsurgery survival among HCC patients. Therefore, based on
presurgery PA levels, the Child-Pugh A patients were further
subgrouped into PA-high, PA-medium and PA-low groups. As
expected, the median overall postsurgery survival times
varied greatly, from more than 49 months to as short as
11 months among those Child-Pugh A patients (for details,
see Table 4). In contrast, such significant differences were not
observed among the Child-Pugh B patients, largely because
the latter always had extremely poor overall survival.
By adding presurgery serum PA as a new parameter, the
traditional Child-Pugh classification was modified (Table 5).
With different ranges between male and female patients,
scores of 1, 2 or 3 were given to patients classified as PAhigh, PA-medium, and PA-low, respectively. Then, the differences of Kaplan-Meier survival curves between Child-Pugh
classification and the modified Child-Pugh (MCP) classifications
were analyzed. As shown in Fig. 2 and Table 6, the classic
Child-Pugh scoring system classified the patients into class A
and class B as expected, with the median survival times being
27 months and 11 months, respectively. In contrast, the MCP
classification system was able to divide the patients into
groups named as MCP-1 (score = 4), MCP-2 (score = 5) and
MCP-3 (score $ 6), with median survival times at 44 months,
28 months and 11 months, respectively. This result indicated
that the MCP classification system exhibited a much higher
accuracy in prognosis prediction (Table 6).
From the survival curves based on presurgery PA level, it
appeared as if PA represented the main factor for prognosis
prediction in this system (Fig. 1). Only HCC patients of ChildPugh classification A with tumor size less than 5 cm are recommend for liver resection in the newly updated guidelines;11
accordingly, the Child-Pugh A patients in cohort A were subgrouped into small tumor size (<5 cm) and larger tumor size
($5 cm) groups. As expected, in the small tumor size patient
group, the median survival times were more than 60 months,
52 months and 6 months respectively for stage MCP-1, MCP-2

Table 4. Association of pre-surgery PA levels and the postsurgery overall
survival among the Child-Pugh class A and B patients

Child-Pugh

Low PA
group

Medium PA
group

High PA
group

A

101 (11.02)

200 (26.25)

118 (49.85)*

B

28 (11.20)

18 (16.00)

4 (12.00)**

Data are presented as n (median survival time in months. *p < 0.001; **p =
0.719.
Abbreviation: PA, prealbumin.

6

Table 5. New classification scores of the MCP system

Score
Item
1

2

3

Bilirubin, mmol/L

<34

34;51

>51

Alb, g/L

>35

28;35

<28

Prothrombin time
prolongation, s

<4

4;6

>6

Preoperative PA for
males, mg/L

>190

120;190

<120

Preoperative PA for
females, mg/L

>170

110;170

<110

MCP-1 (score = 4), MCP-2 (score = 5), MCP-3 (score $ 6).
Abbreviations: Alb, albumin; MCP, modified Child-Pugh; PA, prealbumin.

and MCP-3 patients. In contrast, the corresponding median
survival times for the patients with larger tumors were
27 months, 20 months and 9 months respectively. Concordantly, the 1-, 3- and 5-year postsurgery survival rates showed
the same tendencies (see Supplemental Table 2).

Discussion
In the past decade, several treatment options have become
available for the management of HCC. Among them, hepatectomy remains the therapy with the highest likelihood for longterm cure potential. However, postsurgery survival has varied
greatly for those patients with indication of curative liver
resection. Because a majority of the HCC patients simultaneously suffer from cirrhosis, among the factors influencing
the postsurgery survival the remaining liver function is a
strong determinant.
Currently there are several models available to evaluate the
patients’ remaining liver function; among them, Child-Pugh
score and model for end-stage liver disease (MELD) are the
two most widely used classification systems.17,18 The MELD
scoring system was originally developed based on survival
data from patients who underwent elective transjugular intrahepatic portosystemic shunt procedure, and now it is recommended to estimate the survival probability of a patient with
end-stage liver disease. Therefore, the MELD scoring system
was excluded because a patient with end-stage liver disease
may not survive the surgical operation itself. The Child-Pugh
scoring system is usually used to assess the prognosis of CLD
(mainly cirrhosis), and is used to preselect patients. The
majority of HCC management guidelines recommend that only
Child-Pugh A patients be recommend for curative resection. Of
the five parameters which composed the Child-Pugh classification system, ascites and encephalopathy are two subjective
ones that are strongly associated with decomposition and
were, therefore, used as an exclusion category for hepatectomy. The other three parameters, bilirubin, albumin and prothrombin time, all reflect the synthetic function of the liver.
Among them, serum albumin was the most prominent prognostic indicator of survival in liver cirrhosis.19,20 PA, a small molecule protein synthesized by liver cells, is now also considered to
be a sensitive biomarker of liver synthesis function, but has not
been used as a parameter in the Child-Pugh scoring system
before. Compared to albumin’s 19–21 days-long half-life, the
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Fig. 2. Kaplan-Meier curves for Child-Pugh classification and modified Child-Pugh classification. (A) Patients were divided according to the Child-Pugh score (p <
0.001). (B) Patients were divided according to the modified Child-Pugh classification (p < 0.001). (C) Child-Pugh A patients with small tumor size (<5 cm) (p < 0.001).
(D) Child-Pugh A patients with larger tumor size ($5 cm) (p < 0.001).

half-life of PA is as short as 1.9 days.21 Such characteristics
make PA a much more sensitive biomarker of liver function.
In this prospective study, we first demonstrated that
presurgery PA is a prognosis factor for postsurgery ChildPugh A HCC patients, which could be used to stratify the
patients as PA-high, PA-medium and PA-low groups with
distinct postsurgery overall survival times. In line with this,
multifactorial survival analysis showed that PA was an independent predictive factor of Child-Pugh A HCC patients with
liver resection, in addition to tumor size and other well-known

prognostic factors, such as AFP and GGT. These results were
partly consistent with the results reported by Zhao et al.22
Though blood platelet count was also an independent prognosis factor of HCC patients, in the following analysis, platelet
count was not considered because it is not a factor that
directly reflects liver function and it can be affected by
many factors, such as a blood transfusion and splenectomy.
Finally, a MCP scoring system with bilirubin, Alb, PT prolongation and PA as parameters was developed specifically for the
selection of appropriate HCC patients for curative resection.

Table 6. Child-Pugh compared to MCP classification system

Child-Pugh classification

MCP classification

Median survival time in months

Median survival time in months

A, n

B, n

MCP-1

131

0

44.00

MCP-2

200

1

28.00

MCP-3

133

56

11.00

27.00

11.00

Abbreviation: MCP, modified Child-Pugh.
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According to the newly updated American Association for
the Study of Liver Diseases guideline for the treatment of HCC
(2017), HCC patients who have Child-Pugh A cirrhosis and
resectable T1 or T2 (tumor size less than 5 cm) should choose
resection over radiofrequency ablation to improve their
chances of a longer survival time.11 Even so, median postsurgery survival times still varied largely among the patients
scored by the Child-Pugh classification system. For example,
after excluding patients with tumor size larger than 5 cm,
35 patients in this study met the criteria of American Association for the Study of Liver Diseases guidelines but were classified into the MCP-3 group, with a median survival time of only
6 months. These results indicate that the MCP classification
system can sensitively exclude those patients from curative
liver resection, even though they previously had no contraindication for surgery. Thus, we suggest that HCC patients classified as MCP-1 and MCP-2 would benefit most from curative
surgery, while hepatectomy treatment of patients with classified as MCP-3 should be reconsidered by doctors.
Accumulating clinical data indicates that liver fibrosis is not
only relevant to liver functional reserve but also intertwined
with the prognosis of HCC.3 In line with this, in this crosssectional study we observed an obvious correlation between
PA concentration and the degree of fibrosis/cirrhosis stages
(r = −0.482, p < 0.001). These results may explain in part
why PA acts as a strong biomarker of liver function.
There are some questions that need to be addressed in the
future. First, serum PA concentration may be affected by
other diseases, such as obstructive jaundice, hyperthyroidism, nephritic syndrome, and ulcerative colitis. Secondly,
nutritional condition can greatly affect an individual’s serum
level of PA. For example, it was much higher in nonalcoholic
steatohepatitis patients in this study, so the cut-off value may
vary according to the etiology of a patient.
In conclusion, presurgery PA levels could be a valuable
predictor of postsurgery survival of HCC patients who
undergo curative liver resection. Integrating PA level into
this new MCP classification system may improve the postsurgery survival predicting accuracy of HCC patients. We
suggest that HCC patients scored as MCP-1 and MCP-2
would benefit the most from curative liver resection, especially those who have no other surgical contraindications.
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