
│ https://www.e-crt.org │1464 Copyright ⓒ 2019 by  the Korean Cancer Association
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Cancer Res Treat. 2019;51(4):1464-1478

pISSN 1598-2998, eISSN 2005-9256

https://doi.org/10.4143/crt.2018.657

Open Access

Novel Prognostic Nomograms Based on Inflammation-Related 
Markers for Patients with Hepatocellular Carcinoma Underwent 
Hepatectomy

Original Article

Purpose
Hepatocellular carcinoma (HCC) is an aggressive disease with high recurrence rate. How-
ever, current staging systems were lack of predictive capacity for HCC recurrence. We aimed
to develop prognostic nomograms based on inflammation-related markers for HCC patients
underwent hepatectomy.

Materials and Methods
We recruited 889 surgically treated patients from two medical centers. Independent prog-
nostic factors were identified by cox regression analyses. Nomograms for recurrence-free
survival (RFS) and overall survival (OS) were established and validated internally and exter-
nally. The performance, discrimination, and calibration of nomograms were assessed and
compared with existed staging systems.

Results
Neutrophil to lymphocyte ratio (NLR) and gamma-glutamyl transpeptidase to platelet ratio
(GPR) were the two inflammation-related factor that independently correlated with survival.
NLR, GPR, international normalized ratio (INR), microvascular invasion, satellite lesions,
tumor number, tumor diameter, and macrovascular invasion were used to construct nomo-
gram for RFS while GPR, total bilirubin, INR, -fetoprotein, microvascular invasion, satellite
lesions, tumor diameter, and macrovascular invasion were for OS. In the training cohort,
the C-index of nomogram was 0.701 (95% confidence interval [CI], 0.669 to 0.732) for RFS
and 0.761 (95% CI, 0.728 to 0.795) for OS. These results received both internal and exter-
nal validation with C-index of 0.701 (95% CI, 0.647 to 0.755) and 0.707 (95% CI, 0.657 to
0.756) for RFS, and 0.706 (95% CI, 0.640 to 0.772) and 0.708 (95%CI, 0.646 to 0.771)
for OS, respectively. The nomograms showed superior accuracy to conventional staging sys-
tems (p < 0.001).

Conclusion
The nomograms based on inflammation-related markers are of high efficacy in predicting
survival of HCC patients after hepatectomy, which will be valuable in guiding postoperative
interventions and follow-ups.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth most common
cancer and the third leading cause of cancer-related death
worldwide [1]. Surgical resection is recognized as one of the
most important curative treatments. But the high post-resec-
tion recurrence rate of approximately 70% threatens the long-
term survival of HCC patients [2,3]. Current staging systems
such as Barcelona Clinic Liver Cancer (BCLC) and 7th Amer-
ican Joint Committee on Cancer (AJCC) cannot accurately
predict recurrence and survival, because the individual prog-
nosis is affected by various risk factors including patients’
general condition and their tumor characteristics whereas
these systems only considered limited variables. Therefore,
it is meaningful to come up with an improved tool that can
perform individualised evaluation of postoperative recur-
rence and survival by enrolling potential risk factors. With
this tool, clinicians can identify surgical patients with poor
survival at the earliest stage and consequently perform addi-
tional interventions to prohibit or delay the recurrence and
prolong life expectancy.

Annually, China contributes to almost half of new HCC
cases in the world, and a majority of these HCCs are devel-
oped with an underlying chronic hepatitis B virus (HBV) 
infection [4]. Several recent studies have revealed the signif-
icant association between chronic inflammatory diseases and
higher incidence of malignant cancers including HCC [5-7].
In this regard, given that HBV-related HCC is developed in
the inflammatory microenvironment, it is reasonable to cor-
relate with systemic inflammation [6,7]. Inflammatory hema-
tological or biochemical components such as monocyte, neu-
trophil, or lymphocyte have been used to reflect tumor status
via various combinations entitled as inflammation-related
markers [8,9]. Emerging evidences suggested that preopera-
tive peripheral inflammatory indices might be capable of
predicting the prognosis of HCC patients, including neu-
trophil to lymphocyte ratio (NLR) [9], platelet to lymphocyte
ratio (PLR) [10], lymphocyte to monocyte ratio (LMR) [11],
gamma-glutamyl transpeptidase to platelet ratio (GPR) [12],
prognostic nutritional index (PNI) and systemic immune-
inflammation index (SII) [13,14]. Besides, aspartate amino-
transferase (AST) also plays an important role in evalua-
ting the level of inflammation-induced liver injury and cor-
relates with HCC mortality, so AST-related inflammatory
markers such as AST to platelet ratio index (APRI) [15], AST
to neutrophil ratio index (ANRI) [16], and AST to lympho-
cyte ratio index (ALRI) [14] were also reported.

However, most previous studies only investigated one or
two of these inflammatory markers at one time [9-18], which
are insufficient to predict prognosis considering the hetero-
geneous nature of HCC and its complicated microenviron-

ment. Besides, studies focusing on HBV-related HCC were
rare. Therefore, a comprehensive and applicable model by
incorporating available inflammatory markers of prognostic
significance with other potential prognostic factors would be
valuable for HCC patients with chronic HBV hepatitis infec-
tion who underwent hepatectomy. Nomogram refers to an
easy-to-operate tool used to predict the survival outcomes of
HCC patients [19-21]. The models were developed mainly
using patient-, treatment-, and tumor-related features [19-22].
However, no predictive nomogram was built depending on
the analysis of overall existed inflammation-related markers
until now. 

In this study, we recruited a large Chinese population to
build and validate prognostic nomograms for HCC patients
who underwent curative hepatectomy based on peripheral
inflammation-related markers and accessible clinical param-
eters, to guide postoperative adjuvant interventions and fol-
low-ups. 

Materials and Methods

1. Study population

We retrospectively reviewed the medical records of all
adult patients diagnosed with primary HCC who underwent
curative resection as initial treatment at the First Affiliated
Hospital of Sun Yat-sen University (FAHSYSU) and Sun Yat-
sen University Cancer Center (SYSUCC) from November
2003 through December 2015. The inclusion criteria were
adopted as follows: (1) 18 years old and above; (2) HBV sur-
face antigen (HBsAg) positive; (3) without preoperative treat-
ment for HCC; (4) sufficient liver functional reserve: Child-
Pugh class A or B; (5) histologically proven HCC; (6) no his-
tory of other malignancies; and (7) absence of pathologic
tumor-positive resection margins. The exclusion criteria were
as follows: (1) HBV and other hepatitis virus co-infection; (2)
combined HCC and cholangiocarcinoma; (3) incomplete clin-
ical data; (4) lost to follow-up or insufficient follow-up time;
and (5) radiologic evidence of extrahepatic metastasis.
Among 1,244 patients received curative resection, 1,092 were
with HBsAg positive. Two hundred and three patients were
excluded due to the following reasons: age < 18 years (n=5),
co-infected hepatitis (n=23), other malignancies (n=12), 
incomplete data (n=84), and insufficient follow-up time
(n=79). Finally, 654 patients from FAHSYSU were enrolled
in this study and randomly assigned into the training (n=457)
and the internal validation (n=197) cohorts in a 7:3 ratio. An
independent group of 235 patients from SYSUCC were des-
ignated as the external validation cohort. The workflow dia-
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gram of patient selection was shown in Fig. 1. 

2. Data collection

The following clinical information was collected, including
(1) preoperative patient characteristics (age, sex, leukocyte
count, neutrophil ratio, monocyte ratio, lymphocyte ratio,
haemoglobin, platelet, albumin, AST, alanine aminotrans-
ferase (ALT), gamma-glutamyl transpeptidase (GGT), total
bilirubin (TBIL), prothrombin time (PT), international nor-
malized ratio (INR), -fetoprotein (AFP), Eastern Coopera-
tive Oncology Group performance status, and Child-Pugh
class); (2) tumor radiological features (tumor number, tumor
diameter, macrovascular invasion, and BCLC stage); (3) 
resection factors (resection margin); and (4) pathological fac-
tors (Edmonson-Steiner tumor differentiation, cirrhosis, sate-
llite lesions, microvascular invasion as well as tumor cap-
sule). 

3. Formulas of inflammation-related markers 

Inflammation-related markers including NLR, PLR, LMR,
GPR, APRI, ANRI, ALRI, SII, and PNI were taken within 14

days prior to surgery. Detailed formulas were shown in 
S1 Table.

4. Hepatic resection

Surgery (open hepatectomy, n=843; laparoscopic hepatec-
tomy, n=46) was performed by surgeons have more than 
10-year experience. The management guidelines for choosing
open and laparoscopic liver resection were nearly the same.
Intraoperative ultrasound was routinely used to detect the
tumor burden, location, and invasion of tumor into blood
vessels. Resection types composed of non-anatomic resection
and anatomic resection and was chosen mainly depends on
the current guidelines [23]. Non-anatomic resection refers to
wedge resection and tumor enucleation. Anatomic resection
refers to the resection of segment relied on Couinaud classi-
fication, which completely removed the targeted tumor and
corresponding hepatic territory, commonly performed if 
patients have sufficient liver function. Hepatic parenchymal
transection was performed by using a harmonic scalpel or a
bipolar electrocautery. And in some cases, temporary hepatic
inflow occlusion was used during this process. The throm-
bectomy for patients in BCLC stage C with tumor thrombus

Primary HCC patients received curative 
resection as initial treatment (n=1,244)

Patients with HBsAg positive (n=1,092)

Patients treated at SYSUCC (n=235)Patients treated at FAHSYSU (n=654)

Randomized in a 7:3 ratio

Construct the nomogram

Validation the nomogram

Internal validation
cohort (n=197)

External validation
cohort (n=235)

Training
cohort (n=457)

Ineligible (n=203)
  Younger than 18 years old (n=5)
  Co-infected hepatitis (n=23)
  Other malignancies (n=12)
  Missing data (n=84)
  Insufficient follow-up time (n=79)

Fig. 1. The workflow diagram of patient selection. HCC, hepatocellular carcinoma; HBsAg, hepatitis B virus surface antigen;
FAHSYSU, First Affiliated Hospital of Sun Yat-sen University; SYSUCC, Sun Yat-sen University Cancer Center.
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was performed following the procedure described in the
study by Shi et al. [24]. Curative resection was defined as
complete removal of tumor with a negative resection margin
(R0 resection) confirmed by pathological examination.

5. Follow-ups

Contrast-enhanced ultrasound (CEUS) of the liver, con-
trast-enhanced computed tomography (CECT) of the abdo-
men and chest radiography were performed 4 weeks after
the surgery to evaluate the treatment efficacy. Then the fol-
low-up was performed every 3 months for the first 2 years,
every 6 months from 2 to 5 years, and every 12 months there-
after. During each follow-up, CEUS and blood examinations
including AFP and liver function relative parameters were
performed. CECT or contrast-enhanced magnetic resonance
imaging was carried out every 6 months. 

The diagnosis of recurrence was relied on the evidence of
imaging findings according to the current guidelines [25].
Once recurrence occurred, these patients would receive opti-
mal treatment for recurrent lesions, depending on tumor and
clinical characteristics. To avoid potential bias, those received
liver transplantation after recurrence were excluded because
of its strong impact on survival. Recurrence date was defined
as the date of the new lesion firstly appeared on imaging 
examination. The recurrence-free survival (RFS) was calcu-
lated from the date of surgery to the date of recurrence or
death or last follow-up, and overall survival (OS) was calcu-
lated from the date of surgery to the date of death or last fol-
low-up. The study was censored on January 24, 2019.

6. Statistical analysis

Continuous variables were described as median and quar-
tile range and compared using the independent sample t test
or the Mann-Whitney U test. Categorical variables were 
described as frequency and percentage compared using chi-
square test or Fisher exact test. Optimal cut-off points for 
inflammation-related markers and other continuous vari-
ables, except AFP and tumor diameter, were based on the
primary outcome of RFS among all the patients from FAH-
SYSU, using the maximally selected rank statistics from
“maxstat” R package.

All the patients from FAHSYSU were randomly divided
into a training cohort and an internal validation cohort accor-
ding to a 7:3 ratio. All the patients from SYSUCC entered the
external validation cohort. LASSO with one standard error
of lambda and then stepwise based on the Akaike informa-
tion criterion were used to select the variables to construct a
cox regression model in the training dataset. The nomograms
were constructed to predict the survival rates based on the
final cox model. The Cox model from the training cohort was

fixed and applied into the two validation cohorts. The per-
formance of the model was evaluated by Harrell's C-index,
time-dependent receiver operating characteristic (ROC)
curves and calibration curves in the three cohorts. Compari-
son of the C-indices between the nomogram and BCLC or
7th AJCC systems were performed with “compare C” R
package. Survival curves were constructed using the Kaplan-
Meier method and compared with the log-rank test. Statisti-
cal analyses were performed using R 3.4.3 (http://www.
r-project.org) and Stata/MP 14.0. p-values less than 0.05 were
considered statistically significant, and all tests were two-
sided.

7. Ethical statement

The study was centrally approved by the Ethical Commit-
tee of the two hospitals. Written informed consent of the pati-
ent was waived because of the retrospective nature of this
study.

Results

1. Baseline characteristics

A total of 889 patients were recruited in this study. The
baseline characteristics of patients in each cohort were sum-
marized in Table 1. Among all patients, the mean tumor size
was 6.8 cm, with 506 (56.9%) having tumor diameter larger
than 5 cm. A large proportion of patients (n=682, 76.7%) were
with solitary tumor. According to the BCLC staging system,
more than half of the patients (60.6%) were classified into
stage 0/A, 10.2% in stage B and the remaining (29.1%) within
stage C. And most of the patients (96.0%) were with Child-
Pugh liver function class A. There was no significant differ-
ence between the training and the internal validation cohorts,
except for the ALT level. However, some characteristics in
the external cohort such as peripheral parameters (platelet,
haemoglobin, AST, GGT, PT, and INR), Child-Pugh score,
tumor features (tumor stage, tumor number, tumor diameter,
resection margin, and tumor differentiation), and most infla-
mmation-related markers were significantly different com-
pared to those in the training cohort (p < 0.05). 

2. Survival outcomes

In the training cohort, the median follow-up was 38.2
months. The 1-, 2-, and 3-year RFS and OS rates were 51.31%,
41.80%, 37.11%, and 81.51%, 71.16%, 63.17%, respectively. In
the internal and external validation cohorts, the median fol-

VOLUME 51 NUMBER 4 OCTOBER 2019 1467

Yifei Wang, Prognostic Nomograms for HCC



Ta
bl

e 1
.  B

as
el

in
e c

ha
ra

ct
er

ist
ics

(C
on

tin
ue

d t
o t

he
 n

ex
t p

ag
e)

V
ar

ia
bl

e
To

ta
l (

n=
88

9)
 

Tr
ai

ni
ng

 co
ho

rt 
(n

=4
57

)
In

te
rn

al
 co

ho
rt 

(n
=1

97
)

p-
va

lu
ea)

Ex
te

rn
al

 co
ho

rt 
(n

=2
35

)
p-

va
lu

eb)

A
ge

 (y
r) 

50
.4 

(4
2.9

-5
9.0

)
51

.5 
(4

3.3
-5

8.7
)

49
.0 

(4
2.4

-5
8.6

)
0.2

91
50

.2 
(4

2.4
-5

9.7
)

0.7
99

Se
x, 

fe
m

al
e/

m
al

e 
98

/7
91

 (1
1.0

/8
9.0

)
55

/4
02

 (1
2.0

/8
8.0

)
25

/1
72

 (1
2.7

/8
7.3

)
0.8

14
18

/2
17

 (7
.7/

92
.3)

0.0
76

Le
uk

oc
yt

e (
1

09 /L
)

6.1
 (4

.9-
7.5

)
6.2

 (5
.0-

7.6
)

6.2
 (5

.0-
7.8

)
0.7

06
5.9

 (4
.8-

7.1
)

0.0
95

N
eu

tro
ph

il 
ra

tio
 

0.6
 (0

.5-
0.6

)
0.6

 (0
.5-

0.6
)

0.6
 (0

.5-
0.7

)
0.6

05
0.6

 (0
.5-

0.6
)

0.5
43

M
on

oc
yt

e r
at

io
 

0.1
 (0

.1-
0.1

)
0.1

 (0
.1-

0.1
)

0.1
 (0

.1-
0.1

)
0.8

41
0.1

 (0
.1-

0.1
)

< 
0.0

01
Ly

m
ph

oc
yt

e r
at

io
 

0.3
 (0

.2-
0.4

)
0.3

 (0
.2-

0.4
)

0.3
 (0

.2-
0.3

)
0.3

72
0.3

 (0
.2-

0.4
)

0.1
07

H
ae

m
og

lo
bi

n 
(

 12
8 g

/L
/>

 12
8 g

/L
) 

18
4/

70
5 (

20
.7/

79
.3)

10
7/

35
0 (

23
.4/

76
.6)

44
/1

53
 (2

2.3
/7

7.7
)

0.7
64

33
/2

02
 (1

4.0
/8

6.0
)

0.0
04

Pl
at

el
et

 (
10

9 /L
) 

18
1.0

 (1
35

.0-
22

5.0
)

18
6.0

 (1
42

.0-
23

0.0
)

19
1.0

 (1
50

.0-
23

5.0
)

0.3
67

16
1.6

 (1
22

.4-
20

1.9
)

< 
0.0

01
A

lb
um

in
 (g

/L
)

40
.2 

(3
7.2

-4
2.9

)
39

.8 
(3

6.7
-4

2.1
)

40
.0 

(3
7.0

-4
2.4

)
0.3

88
41

.9 
(3

8.9
-4

4.0
)

< 
0.0

01
A

ST
 (U

/L
)

39
.0 

(2
9.0

-6
0.0

)
39

.0 
(2

9.0
-6

3.0
)

42
.0 

(3
2.0

-6
2.0

)
0.1

54
37

.5 
(2

7.8
-5

1.4
)

0.0
45

A
LT

 (U
/L

) 
39

.0 
(2

7.3
-5

8.0
)

38
.0 

(2
6.0

-5
6.0

)
42

.0 
(3

1.0
-6

5.0
)

0.0
24

40
.4 

(2
7.6

-5
7.9

)
0.3

45
G

G
T 

(U
/L

)
68

.3 
(4

1.0
-1

29
.0)

71
.0 

(4
3.0

-1
34

.0)
81

.0 
(4

6.0
-1

72
.0)

0.1
55

52
.4 

(3
4.7

-8
8.5

)
< 

0.0
01

TB
IL

 (>
 12

.5 
µm

ol
/L

/
 12

.5 
µm

ol
/L

)
52

2/
36

7 (
58

.7/
41

.3)
27

0/
18

7 (
59

.1/
40

.9)
11

9/
78

 (6
0.4

/3
9.6

)
0.7

51
13

3/
10

2 (
56

.6/
43

.4)
0.5

30
PT

 (>
 12

.8 
se

c/
 12

.8 
se

c)
33

0/
55

9 (
37

.1/
62

.9)
19

8/
25

9 (
43

.3/
56

.7)
91

/1
06

 (4
6.2

/5
3.8

)
0.4

98
41

/1
94

 (1
7.4

/8
2.6

)
< 

0.0
01

IN
R 

(>
 1.

08
/

 1.
08

) 
40

3/
48

6 (
45

.3/
54

.7)
22

2/
23

5 (
48

.6/
51

.4)
10

3/
94

 (5
2.3

/4
7.7

)
0.3

84
78

/1
57

 (3
3.2

/6
6.8

)
< 

0.0
01

A
lp

ha
-fe

to
pr

ot
ei

n 
(µ

g/
L)

c)

 
20

26
7 (

30
.0)

13
6 (

29
.8)

52
 (2

6.4
)

0.6
54

79
 (3

3.6
)

0.2
97

  
20

-2
00

21
2 (

23
.8)

10
4 (

22
.8)

49
 (2

4.9
)

59
 (2

5.1
)

> 
20

0
41

0 (
46

.1)
21

7 (
47

.5)
96

 (4
8.7

)
97

 (4
1.3

)
Pe

rf
or

m
an

ce
 st

at
us

 (0
/

 1)
 

84
9/

40
 (9

5.5
/4

.5)
43

1/
26

 (9
4.3

/5
.7)

18
5/

12
 (9

3.9
/6

.1)
0.8

40
23

3/
2 (

99
.1/

0.9
)

0.0
02

Ch
ild

-P
ug

h 
sc

or
e (

A
/B

)
85

3/
36

 (9
6.0

/4
.0)

42
7/

30
 (9

3.4
/6

.6)
19

0/
7 (

96
.4/

3.6
)

0.0
57

23
3/

2 (
99

.1/
0.9

)
0.0

01
BC

LC
 st

ag
ec)

0/
A

53
9 (

60
.6)

24
0 (

52
.5)

10
1 (

51
.3)

0.6
58

19
8 (

84
.3)

< 
0.0

01
   

B
91

 (1
0.2

)
55

 (1
2.0

)
20

 (1
0.2

)
16

 (6
.8)

C
25

9 (
29

.1)
16

2 (
35

.4)
76

 (3
8.6

)
21

 (8
.9)

Tu
m

or
 n

um
be

r
1

68
2 (

76
.7)

33
5 (

73
.3)

14
5 (

73
.6)

0.7
28

20
2 (

86
.0)

0.0
01

2-
3

11
7 (

13
.2)

69
 (1

5.1
)

26
 (1

3.2
)

22
 (9

.4)
> 

3
90

 (1
0.1

)
53

 (1
1.6

)  
 

26
 (1

3.2
)

11
 (4

.7)
Tu

m
or

 d
ia

m
et

er
 (

 5 
cm

/>
 5 

cm
)

38
3/

50
6 (

43
.1/

56
.9)

17
7/

28
0 (

38
.7/

61
.3)

77
/1

20
 (3

9.1
/6

0.9
)

0.9
32

12
9/

10
6 (

54
.9/

45
.1)

< 
0.0

01
Tu

m
or

 d
iff

er
en

tia
tio

n 
(I-

II
/II

I-I
V

)
73

6/
15

3 (
82

.8/
17

.2)
36

8/
89

 (8
0.5

/1
9.5

)
16

3/
34

 (8
2.7

/1
7.3

)
0.5

06
20

5/
30

 (8
7.2

/1
2.8

)
0.0

27
Ci

rr
ho

si
s (

ye
s/n

o)
58

6/
30

3 (
65

.9/
34

.1)
28

0/
17

7 (
61

.3/
38

.7)
12

2/
75

 (6
1.9

/3
8.1

)
0.8

74
18

4/
51

 (7
8.3

/2
1.7

)
< 

0.0
01

Sa
te

lli
te

 le
si

on
s (

ye
s/n

o)
 

14
8/

74
1 (

16
.6/

83
.4)

90
/3

67
 (1

9.7
/8

0.3
)

45
/1

52
 (2

2.8
/7

7.2
)

0.3
61

13
/2

22
 (5

.5/
94

.5)
< 

0.0
01

M
ic

ro
va

sc
ul

ar
 in

va
si

on
 (y

es
/n

o)
37

8/
51

1 (
42

.5/
57

.5)
18

0/
27

7 (
39

.4/
60

.6)
80

/1
17

 (4
0.6

/5
9.4

)
0.0

56
10

2/
13

3 (
43

.4/
56

.6)
0.3

08
M

ac
ro

va
sc

ul
ar

 in
va

si
on

 (y
es

/n
o)

22
4/

66
5 (

25
.2/

74
.8)

13
7/

32
0 (

30
.0/

70
.0)

66
/1

31
 (3

3.5
/6

6.5
)

0.3
71

21
/2

14
 (8

.9/
91

.1)
< 

0.0
01

1468 CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2019;51(4):1464-1478



Ta
bl

e 1
.  C

on
tin

ue
d

Va
lu

es
 a

re
 p

re
se

nt
ed

 a
s m

ed
ia

n 
(in

te
rq

ua
rti

le
 ra

ng
e)

 o
r n

um
be

r (
%

). 
A

ST
, a

sp
ar

ta
te

 a
m

in
ot

ra
ns

fe
ra

se
; A

LT
, a

la
ni

ne
 a

m
in

ot
ra

ns
fe

ra
se

; G
GT

, g
am

m
a-

gl
ut

am
yl

tra
ns

pe
pt

id
as

e; 
TB

IL
, t

ot
al

 b
ili

ru
bi

n;
 P

T,
 p

ro
th

ro
m

bi
n 

tim
e; 

IN
R,

 in
te

rn
at

io
na

l n
or

m
al

iz
ed

 ra
tio

; B
CL

C,
 B

ar
ce

lo
na

 C
lin

ic 
Li

ve
r C

an
ce

r; 
N

LR
, n

eu
tro

ph
il 

to
 ly

m
-

ph
oc

yt
e r

at
io

; P
LR

, p
la

te
le

t t
o 

ly
m

ph
oc

yt
e r

at
io

; L
M

R,
 ly

m
ph

oc
yt

e t
o 

m
on

oc
yt

e r
at

io
; G

PR
, G

GT
 to

 p
la

te
le

t r
at

io
; S

II,
 sy

ste
m

ic 
im

m
un

e-
in

fla
m

m
at

io
n 

in
de

x; 
PN

I,
pr

og
no

sti
c n

ut
rit

io
na

l i
nd

ex
; A

PR
I, 

A
ST

 to
 p

la
te

le
t r

at
io

 in
de

x;
 A

N
RI

, A
ST

 to
 n

eu
tro

ph
il 

ra
tio

 in
de

x;
 A

LR
I, 

A
ST

 to
 ly

m
ph

oc
yt

e 
ra

tio
 in

de
x.

 a)
p-

va
lu

e 
be

tw
ee

n
tra

in
in

g 
an

d 
in

te
rn

al
 v

al
id

at
io

n 
co

ho
rts

, b)
p-

va
lu

e b
et

w
ee

n 
tra

in
in

g 
an

d 
ex

te
rn

al
 v

al
id

at
io

n 
co

ho
rts

, c)
Pe

rc
en

ta
ge

 m
ay

 n
ot

 to
ta

l 1
00

 b
ec

au
se

 o
f r

ou
nd

in
g.

V
ar

ia
bl

e
To

ta
l (

n=
88

9)
 

Tr
ai

ni
ng

 co
ho

rt 
(n

=4
57

)
In

te
rn

al
 co

ho
rt 

(n
=1

97
)

p-
va

lu
ea)

Ex
te

rn
al

 co
ho

rt 
(n

=2
35

)
p-

va
lu

eb)

Tu
m

or
 ca

ps
ul

ec)

Co
m

pl
et

e
64

6 (
72

.7)
38

1 (
83

.4)
15

2 (
77

.2)
0.1

29
11

3 (
48

.1)
< 

0.0
01

In
co

m
pl

et
e

16
7 (

18
.8)

68
 (1

4.9
)

42
 (2

1.3
)

57
 (2

4.3
)

A
bs

en
ce

76
 (8

.5)
8 (

1.8
)

3 (
1.5

)
65

 (2
7.7

)
Re

se
ct

io
n 

m
ar

gi
n 

(>
 1 

cm
 /

 1 
cm

)
73

1/
15

8 (
82

.2/
17

.8)
36

3/
94

 (7
9.4

/2
0.6

)
15

2/
45

 (7
7.2

/2
2.8

)
0.0

50
21

6/
19

 (9
1.9

/8
.1)

< 
0.0

01
N

LR
 (

 1.
91

/>
 1.

91
)

40
9/

48
0 (

46
.0/

54
.0)

20
6/

25
1 (

45
.1/

54
.9)

84
/1

13
 (4

2.6
/5

7.4
)

0.5
65

11
9/

11
6 (

50
.6/

49
.4)

0.1
65

PL
R 

(
 10

8.5
6/

> 
10

8.5
6)

52
0/

36
9 (

58
.5/

41
.5)

 
25

4/
20

3 (
55

.6/
44

.4)
10

6/
91

 (5
3.8

/4
6.2

)
0.6

76
16

0/
75

 (6
8.1

/3
1.9

)
0.0

01
LM

R 
(

 3.
79

/>
 3.

79
)

47
7/

41
2 (

53
.7/

46
.3)

26
1/

19
6 (

57
.1/

42
.9)

11
6/

81
 (5

8.9
/4

1.1
)

0.6
74

10
0/

13
5 (

42
.6/

57
.4)

< 
0.0

01
G

PR
 (

 0.
94

/>
 0.

94
) 

49
1/

39
8 (

55
.2/

44
.8)

25
0/

20
7 (

54
.7/

45
.3)

10
1/

96
 (5

1.3
/4

8.7
)

0.4
19

14
0/

95
 (5

9.6
/4

0.4
)

0.2
21

SI
I (
 

20
2.1

4/
> 

20
2.1

4)
21

3/
67

6 (
24

.0/
76

.0)
11

0/
34

7 (
24

.1/
75

.9)
35

/1
62

 (1
7.8

/8
2.2

)
0.0

75
68

/1
67

 (2
8.9

/7
1.1

)
0.1

65
PN

I (
 

48
.69

/>
 48

.69
)

40
6/

48
3 (

45
.7/

54
.3)

23
3/

22
4 (

51
.0/

49
.0)

91
/1

06
 (4

6.2
/5

3.8
)

0.2
61

82
/1

53
 (3

4.9
/6

5.1
)

< 
0.0

01
A

PR
I (
 

0.2
4/

> 
0.2

4)
44

4/
44

5 (
49

.9/
50

.1)
23

3/
22

4 (
51

.0/
49

.0)
98

/9
9 (

49
.7/

50
.3)

0.7
71

11
3/

12
2 (

48
.1/

51
.9)

0.4
70

A
N

RI
 (

 12
.82

/>
 12

.82
)

48
0/

40
9 (

54
.0/

46
.0)

24
0/

21
7 (

52
.5/

47
.5)

10
7/

90
 (5

4.3
/4

5.7
)

0.6
72

13
3/

10
2 (

56
.6/

43
.4)

0.3
08

A
LR

I (
 

24
.41

/>
 24

.41
)

46
7/

42
2 (

52
.5/

47
.5)

24
2/

21
5 (

53
.0/

47
.0)

94
/1

03
 (4

7.7
/5

2.3
)

0.2
19

13
1/

10
4 (

55
.7/

44
.3)

0.4
86

VOLUME 51 NUMBER 4 OCTOBER 2019 1469

Yifei Wang, Prognostic Nomograms for HCC



low-up was 37.8 months and 45.8 months, respectively. The
1-, 2-, and 3-year RFS rates were 52.07%, 41.73%, and 37.55%
in the internal cohort and 55.34%, 44.00%, 34.88% in the 
external cohort. The corresponding 1-, 2-, and 3-year OS rates
were 79.32%, 68.82%, and 65.33% in the internal cohort and
91.10%, 81.36%, and 70.86% in the external cohort, respec-
tively.

3. Univariate and multivariate analysis in the training 
cohort

Univariate and multivariate Cox regression analyses were
performed in 457 patients from the training cohort for both

RFS and OS. Results were shown in S2 Table. The optimal
cut-off values of inflammation-related markers were deter-
mined as mentioned above (S3 Table). Finally, NLR, GPR,
INR, microvascular invasion, satellite lesions, tumor number,
tumor diameter, and macrovascular invasion were selected
to build nomogram for RFS. GPR, TBIL, INR, AFP, microvas-
cular invasion, satellite lesions, and tumor diameter as well
as macrovascular invasion were used to build nomogram for
OS. All of these variables were independent prognostic fac-
tors of RFS and OS (Tables 2 and 3).  

Variable
Recurrence-free survival

Hazard ratio (95% CI) p-value
NLR (> 1.91: 1.91) 1.42 (1.10-1.82) 0.006
GPR (> 0.94: 0.94) 1.34 (1.04-1.74) 0.025
INR (> 1.08: 1.08) 1.33 (1.04-1.70) 0.025
No. of tumors

1 1.00 (
2-3 1.21 (0.88-1.66) 0.241
> 3 1.75 (1.23-2.48) 0.002

Tumor diameter (> 5 cm: 5 cm) 1.23 (1.01-1.45) 0.031
Satellite lesions (yes:no) 1.71 (1.27-2.29) < 0.001
Microvascular invasion (yes:no) 1.26 (1.06-1.46) 0.027
Macrovascular invasion (yes:no) 1.50 (1.12-2.00) 0.006

CI, confidence interval; NLR, neutrophil to lymphocyte ratio; GPR, gamma-glutamyl transpeptidase to platelet ratio; INR,
international normalized ratio.

Table 2. Multivariate analysis of recurrence-free survival in the training cohort

Variable
Overall survival

Hazard ratio (95% CI) p-value
GPR (> 0.94: 0.94) 1.35 (1.01-1.69) 0.025
TBIL (> 12.5 µmol/L: 12.5 µmol/L) 1.58 (1.15-2.17) 0.005
INR (> 1.08: 1.08) 1.31 (1.02-1.60) 0.026
-Fetoprotein (µg/L)
 20 1.00 (
20-200 1.32 (0.83-2.08) 0.238
> 200 1.48 (1.01-2.17) 0.044

Tumor diameter (> 5 cm: 5 cm) 1.92 (1.33-2.77) 0.001
Microvascular invasion (yes:no) 1.55 (1.12-2.16) 0.009
Macrovascular invasion (yes:no) 1.77 (1.26-2.50) 0.001
Satellite lesions (yes: no) 2.32 (1.64-3.29) < 0.001

CI, confidence interval; GPR, gamma-glutamyl transpeptidase to platelet ratio; TBIL, total bilirubin; INR, international nor-
malized ratio.

Table 3. Multivariate analysis of overall survival in the training cohort
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4. Prognostic nomogram for RFS 

Based on the eight significant prognostic factors (NLR,
GPR, INR, microvascular invasion, satellite lesions, tumor
number, tumor diameter, and macrovascular invasion)
demonstrated in the multivariate analysis, a nomogram was
established to predict 1-, 2-, and 3-year RFS rates of HBV-
related HCC patients who underwent resection (Fig. 2A). 

This model exhibited good efficacy in estimating post-
operative recurrence with a higher C-index of 0.701 (95%
confidence interval [CI], 0.669 to 0.732) in the training cohort,
and 0.701 (95% CI, 0.647 to 0.755) and 0.707 (95% CI, 0.657 to
0.756) in the internal and external validation cohorts, respec-
tively. The calibration curves for 1-, 2- and 3-year RFS rates
in the training (A), internal validation (B), and external vali-
dation (C) cohorts were largely overlapped with its standard
lines (Fig. 3). The predictive value of our nomograms for RFS
were significantly higher than that of the BCLC staging sys-

tem (0.629 [95% CI, 0.599 to 0.658], p < 0.001; 0.626 [95% CI,
0.579 to 0.673], p < 0.001; 0.599 [95% CI, 0.575 to 0.623], p <
0.001) and 7th AJCC system (0.620 [95% CI, 0.590 to 0.649], 
p < 0.001; 0.604 [95% CI, 0.558 to 0.650], p < 0.001; 0.600 [95%
CI, 0.574 to 0.626], p < 0.001). 

The area under the ROC curves (AUC) of the nomogram
in predicting 1-, 2-, and 3-year RFS in the training cohort was
0.780, 0.761, and 0.755, respectively (Fig. 4A). In addition, the
AUC of this nomogram in predicting 1-, 2-, and 3-year RFS
was 0.781, 0.757, and 0.781 in the internal validation cohort
and 0.766, 0.755, and 0.781 in the external validation cohort 
(Fig. 4B and C).

The model was capable of stratifying patients into three
subgroups (low-, medium-, and high-risk groups) by their 
individual risk scores. In all the three cohorts, the RFS curves
were broadly separated among these three subgroups of dif-
ferent risks (p < 0.001) with poorer survival in high-risk 
patients, which further indicated the good discriminatory

Fig. 2. Nomograms for predicting recurrence-free survival (A) and overall survival (B). NLR, neutrophil to lymphocyte
ratio; GPR, gamma-glutamyl transpeptidase to platelet ratio; INR, international normalized ratio; TBIL, total bilirubin; AFP,
-fetoprotein. (Continued to the next page)
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ability of this prognostic model (Fig. 5A-C). 

5. Prognostic nomogram for OS  

The nomogram used to evaluate the probability of 1-, 2-,
and 3-year OS was built on the following variants: GPR,
TBIL, INR, AFP, microvascular invasion, satellite lesions,
tumor diameter, and macrovascular invasion (Fig. 2B). The
nomogram also revealed better performance in the training
cohort with a higher C-index of 0.761 (95% CI, 0.728 to 0.795)
than the BCLC criteria (0.665 [95% CI, 0.629 to 0.701], p <
0.001) and 7th AJCC system (0.652 [95% CI, 0.616 to 0.689], 
p < 0.001) did. The C-index value in the internal and external
validation cohorts reached 0.706 (95% CI, 0.640 to 0.772) and
0.708 (95% CI, 0.646 to 0.771), respectively, which were also
greater than the conventional BCLC staging system (0.636
[95% CI, 0.578 to 0.694], p < 0.01; 0.602 [95% CI, 0.567 to
0.637], p < 0.001) and 7th AJCC system (0.623 [95% CI, 0.567
to 0.680], p < 0.01; 0.596 [95% CI, 0.559 to 0.633], p < 0.001).
As shown in the calibration plots, the calibration curves for

1-, 2-, and 3-year OS were all well-matched with the standard
lines (Fig. 3D-F).

In this nomogram, the AUC of 1-, 2-, and 3-year OS in the
training cohort was 0.822, 0.814, and 0.822, respectively 
(Fig. 4D). In addition, the AUC of this nomogram in predict-
ing 1-, 2-, and 3-year OS was 0.789, 0.799, and 0.786 in the 
internal validation cohort and 0.838, 0.750, and 0.765 in the
external validation cohort (Fig. 4E and F). Similar to RFS, 
patients were also classified into low-, medium- and high-
risk subgroups according to scores derived from nomogram
for OS. The OS rates were significantly different among the
risk groups, with lower OS rate in the subgroup of higher
risk of death (p < 0.001) (Fig. 5D-F).  

Fig. 2. (Continued from the previous page) 
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Discussion

Our study constructed novel prognostic nomograms for
HCC patients treated with surgery by combining inflamma-
tion-related markers and conventional risk parameters
(tumor features and patient characteristics), and further val-
idated them in an independent external cohort. The models
showed better predictive performance than conventional
BCLC and 7th AJCC staging systems. Moreover, our results

suggested NLR and GPR were the two inflammation-related
marker that independently associated with prognosis. 

Emerging evidence demonstrated that inflammation status
involved in the development of malignant cancers through
promoting angiogenesis and inhibiting apoptosis [26]. 
Inflammatory markers made up by inflammation-related
hematologic and biochemical factors have been created to 
reflect the status of systemic inflammation. While various
markers were closely connected to the survival, it is of great
potential to build inflammatory markers-based models to

Fig. 3.  The calibration curves for predicting the 1-, 2-, and 3-year recurrence-free survival and overall survival in the training
(A, B), internal validation (C, D), and external validation (E, F) cohorts.  
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predict the prognosis of HCC patients [9-16,18]. Yet, it 
remains unknown which one had a relatively superior prog-
nostic significance among these inflammatory markers, due
to that few studies did the comparison. In this study, we did
an overview analysis of the overall reported inflammation-
related markers for the first time in a large Chinese popula-
tion. Multivariate analysis identified that NLR and GPR were
the independent prognostic factors for RFS of surgically
treated HCC when all the reported inflammatory markers
were enrolled into analysis. NLR was the firstly formed 

inflammation-based factor using to reflect the systemic 
inflammation response. It has been widely recommended as
a potential predictor of survival in various malignancies [9].
GPR was initially introduced by Lemoine et al. [27] as an 
indicator with high accuracy for the degree of liver fibrosis
and cirrhosis in patients with chronic HBV infection. As the
presence of cirrhosis is a known risk factor for HCC, it can
possibly explain why GPR could be used to evaluate the sur-
vival of HCC patients. Consistent with the result in Gomez
et al.'s [9] and Wang et al.’s [12] studies, we found that NLR

Fig. 4.  Receiver operating characteristic curves for recurrence-free survival and overall survival in the training (A, B), internal
validation (C, D), and external validation (E, F) cohorts, respectively.
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Fig. 5.  Patients’ recurrence-free survival and overall survival rates according to the nomogram model in the training (A, B),
internal validation (C, D), and external validation (E, F) cohorts. Green line for high-risk, red line for medium-risk, blue line
for low-risk. 
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and GPR have superior capacity in predicting prognosis than
other inflammation-related scores. Our results in OS also 
revealed that GPR has the highest prognostic value, and the
higher GPR indicated a poorer survival. Although the 
molecular mechanism of NLR and GPR in HCC progression
was unclear, they were still selected to establish our nomo-
grams. 

The prognosis of HCC cannot completely depend on 
inflammation, since patients’ general condition, pathological
characteristics (microvascular invasion and satellite lesions)
and tumor burden (tumor number, tumor diameter, and
macrovascular invasion) have also been recognized as sig-
nificant factors influencing survival [28,29]. Other variants
included in the RFS nomogram were INR, microvascular 
invasion, satellite lesions, tumor number, tumor diameter,
and macrovascular invasion. Those included in the OS nomo-
gram were TBIL, INR, AFP, microvascular invasion, satellite
lesions, tumor diameter, and macrovascular invasion. These
variants identified in multivariate analysis were independ-
ently correlated with prognosis. Conventional BCLC staging
systems commonly used to classify HCC patients into differ-
ent stages, provide optimal clinical management and corre-
sponding survival outcomes [3]. However, it did not take the
above important factors which have been stressed the value
of prognosis in HCC, such as microvascular invasion, satel-
lite lesions, AFP level as well as inflammation-related mark-
ers into consideration. Therefore, our nomograms could be
regarded as a modified system by incorporating the above
independent risk factors and showed significantly better
prognostic performance (p < 0.001). 

It remains controversy whether patients within intermedi-
ate (BCLC B) or advanced (BCLC C) stage should receive cur-
ative surgery. Several studies have demonstrated that some
HCC patients in either of these two stages can benefit more
from surgical resection than from the BCLC criteria recom-
mended therapies [30]. Since many Chinese HCC patients
beyond the BCLC criteria still received surgical resection, we
took patients in BCLC stage B and C into analysis to extend
the applied range of our nomograms. Although we included
nearly a third of patients within BCLC stage C, we did an 
additional analysis to show that both models performed well
for these patients, with a C-index of 0.743 (95% CI, 0.671 to
0.816) for OS and 0.652 (95% CI, 0.599 to 0.705) for RFS in the
training cohort.

Strengths of the study were not only on the integration of
inflammatory markers and specialized population, but also
on its personalized predictive value of survival at early time.
All the variables composited in our models are common and
accurate, given that nomogram is a graphical tool generally
used to integrate many independent variables according to
its weight meanwhile in an easy-to-operate way. As shown
in our results, the nomograms possessed great discrimina-

tory ability which can separately stratify patients with dif-
ferent risks. With the nomograms, clinicians can choose to
perform personalized additional interventions and shorten
the interval of postoperative follow-ups if patients are eval-
uated to have a higher risk of recurrence and poorer survival.    

Moreover, most previous studies were conducted in a sin-
gle medical center. In our study, we enlarged our study pop-
ulation by recruiting patients from another hospital and
further validated our models in this group of people. It is 
notable that the baseline characteristics between the training
cohort and external cohort had disparity, and patients from
FAHSYSU showed worsen tumor features. The possible rea-
son is the difference in making treatment choice in these two
centers. SYSUCC tended to send patients in intermediate or
advanced stage to receive transcatheter arterial chemoem-
bolization or palliative treatments, while general hospitals
like FAHSYSU frequently performed surgery. Despite of the
differences in baseline characteristics, our models also exhib-
ited good prognostic value in the external cohort, with a 
C-index of 0.707 for RFS and 0.708 for OS, which implies that
the nomograms are stable and can be adopted in different
populations with high generalizability. 

There are limitations in this study. First, our nomograms
established using the data from HBsAg-positive HCC pati-
ents because China is an HBV prevalent region. Thus, it may
restrict the application of the two nomograms in HCC pati-
ents with other aetiological backgrounds. Another one was
that some inflammation-related markers are composed by
overlapped hematologic and biochemical factors. Although
it might possibly bias the results to some extent, we did not
take the interaction among these markers into consideration
while doing the analysis. Moreover, there was lack of a pro-
spective cohort to further confirm the predictive value of our
models in prognosis.

In conclusion, our study established and validated two
novel prognostic nomograms which incorporated specific
preoperative inflammatory markers and clinical risk vari-
ables to estimate the RFS and OS rates in HBV-related pati-
ents who underwent curative hepatectomy in a large Chinese
population. The user-friendly models can be helpful to clini-
cians in predicting individual prognosis and deciding next-
step therapeutic interventions. 
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