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Novel inflammation-based prognostic nomograms for
individualized prediction in hepatocellular carcinoma after radical
resection
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Background: The prognosis for patients with hepatocellular carcinoma (HCC) after liver resection
ranges widely and is unsatisfactory. This study aimed to develop two novel nomograms that combined
tumor characteristics and inflammation-related indexes to predict overall survival (OS) and recurrence-free
survival (RES).

Methods: In total, 3,071 patients who underwent radical resection were recruited. Independent risk factors
were identified by Cox regression analysis and used to conduct prognostic nomograms. The C-index, time-
dependent areas under the receiver operating characteristic curve (time-dependent AUC), decision curve
analysis (DCA), and calibration curves were used to assess the performance of the nomograms.

Results: Multivariate analysis revealed that alpha-fetoprotein (AFP), resection margin, neutrophil times
y-glutamyl transpeptidase-to-lymphocyte ratio (NrLR), platelet-to-lymphocyte ratio (PLR), y-glutamyl
transpeptidase-to-platelet ratio (GPR), tumor size, tumor number, microvascular invasion, and Edmondson-
Steiner grade were the independent risk factors associated with OS. The independent risk factors associated
with RFS were hepatitis, AFP, albumin-bilirubin (ALBI), NrLR, PLR, PNI, GPR, tumor size, tumor
number, microvascular invasion, and Edmondson-Steiner grade. The C-index of the nomograms in the
training and validation cohort were 0.71 [95% confidence interval (CI): 0.70-0.73] and 0.71 (95% CIL:
0.69-0.74) for the OS, and 0.71 (95% CI: 0.70-0.73) and 0.74 (95% CI: 0.72-0.76) for RFS, respectively.
The C-index, time-dependent AUC, and DCA of the nomograms showed significantly better predictive
performances than those of commonly used staging systems. The models could stratify patients into three
different risk groups. The web-based tools are convenient for clinical practice.

Conclusions: Two novel nomograms in which integrated inflammation-related indexes and accessible
clinical parameters were developed to predict OS and RFS in HCC patients who underwent radical

resection. Such models will help guide postoperative individualized follow-up and adjuvant therapy.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
cancer, and the third-leading cause of cancer-related mortality
globally (1). At present, surgical resection is one of the most
effective treatments with curative potential (2). However,
because of the high incidence of tumor recurrence, long-
term survival, the outcome after surgery is unsatisfactory and
far from homogenous (3,4). Therefore, the stratification of
these patients for individualized evaluation and follow-up
after surgery is vitally important.

There is no consensus regarding the optimal tool for
prognostic evaluation. The commonly used staging systems,
including the 8th American Joint Committee on Cancer
(AJCC) and Barcelona Clinic Liver Cancer (BCLC), have
been proposed for risk stratification (5,6). However, these
staging systems cannot provide an accurate prediction of
the outcomes of individual patients, which various factors
influence, including general condition, aggressive tumor
characteristics, and systemic inflammation.

Inflammation is a prominent hallmark of cancer (7). There
is increasing evidence to support the association between
systemic inflammatory response and poor survival in various
malignancies (8). Inflammation-related indexes, such as the
neutrophil-to-lymphocyte ratio (NLR) (9), lymphocyte-to-
monocyte ratio (LMR) (10), neutrophil times y-glutamyl
transpeptidase-to-lymphocyte ratio (NrLR) (11), platelet-
to-lymphocyte ratio (PLR) (12), prognostic nutritional
index (PNI) (13), y-glutamyl transpeptidase-to-platelet
ratio (GPR) (14), and systemic immune-inflammation index
(SII) (15), have been reported as independent risk factors
for prognosis in HCC patients after liver resection. Several
predictive models based on inflammation-related indexes
have been constructed, but mostly only focus on one or two
inflammation-related indexes (16-18).

In this study, we used a large patient cohort to develop
and validate novel nomograms incorporating clinical
parameters and systemic inflammation to predict the long-
term outcome for HCC patients after radical resection.

We present the following article in accordance with the
TRIPOD reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-1919).

Methods
Patients

"This study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013) and was approved by the
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Institutional Ethics Committee of the Eastern Hepatobiliary
Surgery Hospital (No. EHBHKY-2019-11-009). We obtained
informed consent from each patient for their data to be used
for research purposes. We reported this study according to
the TRIPOD guidelines (19).

Between January 2008 and December 2014, data of
patients with HCC who underwent primary hepatectomy at
Eastern Hepatobiliary Surgery Hospital were prospectively
collected and retrospectively analyzed.

The inclusion criteria were: (I) no extrahepatic metastasis;
(IT) no macrovascular invasion; and (III) RO resection,
which was defined as complete resection of the tumor with
negative margins (20). Patients who underwent preoperative
anticancer treatments, perioperative death, received
palliative tumor resection, had a history of another type of
cancer, had incomplete pathological data, or were lost to
follow-up within 60 days after, it excluded surgery from the
analysis.

The training cohort comprised eligible patients treated
at Eastern Hepatobiliary Surgery Hospital between 2008
and 2012, while the validation cohort comprised patients
who received treatment between 2013 and 2014.

Clinicopathologic variables and follow-up

Blood samples were obtained within 14 days before surgery
for routine laboratory tests for liver function and blood
cells. The formulas and cutoff values of NLR, LMR, NrLR,
PLR, PNI, GPR, and SII are shown in Tible S1.

We followed up with the patients once every three
months for the first two years after discharge from the
hospital and every three to six months after that. The
follow-up program included liver function, serum AFP level,
and an imaging study such as abdominal ultrasonography,
contrast-enhanced abdominal computed tomography (CT),
and abdominal magnetic resonance imaging (MRI). We
based the diagnosis of recurrent HCC on CT and/or MRI
and elevated AFP levels.

The end-points of the study were overall survival (OS)
and recurrence-free survival (RFS). OS was defined as the
interval between the date of surgery and the date of patient
death or last follow-up. RFS was defined as the interval
between the date of surgery and the date of last follow-up
or death. The follow-up on 31 October 2019 was censored.

Statistical analysis

Categorical variables were presented as n (%) and compared
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using the chi-square test or Fisher’s exact test. The mean
(standard deviation, SD) was obtained for continuous
variables with normal distribution and compared using
Student’s #-test. In contrast, the median (interquartile
range, IQR) was obtained for continuous variables with
non-normal distribution and compared using the Mann-
Whitney U test. We identified the optimal cutoff value
for these inflammation-related indexes using the “surv_
cutpoint” function from the “survminer” R package.

All statistical tests were two-tailed, and P<0.05
represented statistical significance. All statistical analyses
were performed with R version 3.5.2 (http://www.r-project.
org/). The R packages of “rms”, “stdca”, “timeROC”,
“CsChange”, “DynNom”, “survminer”, and “survival” were
used in this study.

All factors with P<0.05 in univariate Cox regression were
selected for multivariate Cox regression. The multivariate
Cox regression was performed by a stepwise backward
selection of variables. The nomograms were built based on
the results of multivariate Cox regression in the training
cohort.

Risk groups were generated by the previously reported
cutoffs (50th and 85th percentile) of the score calculated
by the nomogram (21). Kaplan-Meier analysis of each risk
group was plotted for each cohort.

We assessed the performances of the nomograms according
to discrimination, calibration, and clinical usefulness. Model
discrimination was measured by C-index and time-dependent
areas under the receiver operating characteristic curve (time-
dependent AUC) (22). Model calibration was measured by
the calibration curve. Clinical usefulness was measured by
decision curve analysis (DCA) (23). The nomograms were also
compared with the 8th AJCC, BCLC, and CNLC staging
systems in each cohort (24).

Results

Clinicopatbological features and inflammation-related
index

In total, 3,961 HCC patients underwent radical resection
during the study period. Three thousand seventy-one
patients who met the inclusion criteria were included in
this study. In comparison, 890 patients were excluded for
preoperative anticancer treatment (n=304), a history of
other malignancies (n=35), incomplete clinical or follow-up
data (n=526), or perioperative death (n=25). Data recorded
from 2,020 patients treated between 2008 and 2012 formed
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the training cohort, and data recorded from 1,051 patients
treated between 2013 and 2014 formed the validation
cohort. The flow chart of this patient selection is shown in
Figure S1.

We show the baseline characteristics of patients in Zable 1.
The included patients had a mean age of 51.6 years (SD,
10.8 years), 86.7% were male, and 89.4% were positive
for hepatitis. Pathological examination showed that more
than half of the patients had cirrhosis surrounding the
hepatic tumor, and 78.6% had albumin-bilirubin (ALBI)
grade 1 liver function. In terms of surgical factors, a
resection margin of less than 10 mm was observed in 2,423
patients (78.9%); 236 (7.7%) patients suffered an operative
bleeding loss amount of more than 800 mL, and 279 (9.1%)
required a blood transfusion during the perioperative
period. Most patients had single tumors, and the average
size of intrahepatic tumors was 6.24 cm (SD, 3.70 cm).
Histologically, microvascular invasion and Edmondson-
Steiner grades III-IV were recorded in 958 (31.2%) and
2,636 (85.8%) patients, respectively. Seven inflammation-
related indexes (including NLR, LMR, NrLR, PLR,
PNI, GPR, and SII) are also presented in Table 1. Some
characteristics, such as AFP, blood transfusion, operative
bleeding loss, and tumor size, and most of the inflammation-
related indexes differed slightly between the training and
validation cohorts.

Postoperative prognosis

In this study, the median follow-up of all included patients
was 46.9 months. Over the 5 years after surgery, 661 people
were lost to follow-up, and 801 HCC-related deaths, 254
liver-related deaths, and 138 deaths related to other diseases
occurred. The postoperative 1-, 3-, and 5-year OS rates
were 88.8%, 71.8%, and 54.7%, respectively, and the 1-,
3-, and 5-year RFS rates were 65.0%, 48.6%, and 36.3%,
respectively (Figure S2). The median follow-up was 50.2
and 36.6 months in the training and validation cohorts,
respectively. In the training cohort, the postoperative 1-,
3-, and 5-year OS rates were 89.2%, 72.8%, and 55.8%,
respectively, and the 1-, 3-, and 5-year RFS rates were
63.9%, 47.2%, and 35.6%, respectively. Meanwhile, the
postoperative 1-, 3-; and 5-year OS rates in the validation
cohort were 88.2%, 70.0%, and 55.3%, respectively, and
the 1-, 3-, and 5-year RFS rates were 67.1%, 51.2%, and
36.8%, respectively. Kaplan-Meier analysis revealed no
difference in OS (P=0.27) but a significant difference in
RES (P=0.027) between two cohorts (Figure S2).
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Table 1 Baseline characteristics of patients
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Variables

Overall cohort
(2008-2014 years) (n=3,071)

Training cohort
(2008-2012 years) (n=2,020)

Validation cohort
(2013-2014 years) (n=1,051)

Patient factors/surgical factors
Age, years
Gender, male/female
Hepatitis, no/yes
AFP, <400/>400 ng/mL
ALBI, <2.63/>2.63
Blood transfusion, no/yes
Operative bleeding loss, <800/>800 mL
Resection margin, <1/>1 cm
Inflammation-related indexes
NLR, <1.52/>1.52
LMR, <5.03/>5.03
NrLR, <132.13/>132.13
PLR, <142.77/>142.77
PNI, <53.95/>53.95
GPR, <0.71/>0.71
Sll, <580.62/>580.62
Tumor factors
Tumor size, cm
Tumor number, solitary/multiple

Microvascular invasion, absence/
presence

Edmondson-Steiner grade, I-1I/11I-1V

Liver cirrhosis, absence/presence

51.6 (10.8)
2,663/408 (86.7%/13.3%)
325/2,746 (10.6%/89.4%)

2,008/1,063 (65.4%/34.6%)
2415/656 (78.6%/21.4%)
2,792/279 (90.9%/9.1%)
2,835/236 (92.3%/7.7%)
2,423/648 (78.9%/21.1%)

862/2,209 (28.1%/71.9%)
1,328/1,743 (43.2%/56.8%)
1,694/1,377 (55.2%/44.8%)

2,437/634 (79.4%/20.6%)

2,363/708 (76.9%/23.1%)
1,409/1,662 (45.9%/54.1%)

2,584/487 (84.1%/15.9%)

6.24 (3.70)
2,491/580 (81.1%/18.9%)
2,113/958 (68.8%/31.2%)

435/2,636 (14.2%/85.8%)
918/2,158 (29.9%/70.1%)

51.4 (10.8)
1,765/255 (87.4%/12.6%)
207/1,813 (10.2%/89.8%)
1,291/729 (63.9%/36.1%)
1,574/446 (77.9%/22.1%)
1,805/215 (89.4%/10.6%)
1,841/179 (91.1%/8.9%)
1,509/511 (74.7%/25.3%)

517/1,503 (25.6%/74.4%)
789/1,231 (39.1%/60.9%)
1,033/987 (51.1%/48.9%)
1,601/419 (79.3%/20.7%)
1,552/468 (76.8%/23.2%)
876/1,144 (43.4%/56.6%)
1,665/355 (82.4%/17.6%)

6.44 (3.64)
1,620/400 (80.2%/19.8%)
1,398/622 (69.2%/30.8%)

331/1,689 (16.4%/83.6%)
566/1,454 (28.0%/72.0%)

52.1 (10.8)

898/153 (85.4%/14.6%)

118/933 (11.2%/88.8%)

717/334 (68.2%/31.8%)

841/210 (80.0%/20.0%)
987/64 (93.9%/6.1%)
994/57 (94.6%/5.4%)

914/137 (87.0%/13.0%)

345/706 (32.8%/67.2%)
539/512 (51.3%/48.7%)
661/390 (62.9%/37.1%)
836/215 (79.5%/20.5%)
811/240 (77.2%/22.8%)
533/518 (50.7%/49.3%)
919/132 (87.4%/12.6%)

5.87 (3.78)
871/180 (82.9%/17.1%)
715/336 (68.0%/32.0%)

104/947 (9.9%/90.1%)
352/699 (33.5%/66.5%)

Categorical variables are presented as n (%). Mean (SD) is presented for normally distributed continuous variables, while the median
(IQR) was given for non-normally distributed continuous variables. AFP, alpha-fetoprotein; ALBI, albumin-bilirubin; NLR, neutrophil-to-
lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; NrLR, neutrophil times y-glutamyl transpeptidase-to-lymphocyte ratio; PLR,
platelet-to-lymphocyte ratio; PNI, prognostic nutritional index; GPR, y-glutamyl transpeptidase-to-platelet ratio; Sll, systemic immune-

inflammation index; SD, standard deviation; IQR, interquartile range.

Prognostic nomograms for OS and RFS

Univariate Cox regression analysis was performed to
determine the risk factors associated with OS and RFS
in the training cohort. The results are shown in Table S2.
Multivariate Cox regression analysis revealed that AFP
of >400 ng/mL, a resection margin of <1 cm, NrLR of
>132.13, PLR of >142.77, GPR of >0.71, a tumor size of

>5 cm, multiple tumors, microvascular invasion, and an
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Edmondson-Steiner grade of III-IV were the independent
risk factors associated with OS (Tuble 2). These factors
were incorporated to construct a prognostic nomogram to
predict one-, three- and five-year survival (Figure 14). Based
on the nomogram, a simple, easy-to-use predictive tool was
developed and is available at https://recurrenceprediction.
shinyapps.io/dynnomos/ (Figure S3A4).

Hepatitis, AFP of >400 ng/mL, ALBI of >2.63, NrLR
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Table 2 Multivariable Cox regression analysis of factors associated with OS and RFS in the training cohort

Variables

Hepatitis, yes vs. no

AFP, >400 vs. <400 ng/mL
ALBI, >2.63 vs. <2.63
Resection margin, =1 vs. <1 cm
NrLR, >132.13 vs. <132.13
PLR, >142.77 vs. <142.77

PNI, >53.95 vs. <53.95

GPR, >0.71 vs. <0.71

Tumor size, =5 vs. <5 cm

Tumor number, multiple vs. solitary
Microvascular invasion, presence vs. absence

Edmondson-Steiner grade, IlI-IV vs. I-lI

Page 5 of 12
oS RFS

HR (95% ClI) P value HR (95% ClI) P value
- - 1.259 (1.044-1.518) 0.016
1.397 (1.227-1.591) <0.001 1.289 (1.153-1.440) <0.001
- - 1.151 (1.010-1.311) 0.034

0.803 (0.682-0.944) 0.008 - -
1.181 (1.003-1.391) 0.047 1.187 (1.035-1.362) 0.014
1.213 (1.034-1.423) 0.018 1.182 (1.028-1.358) 0.019
- - 0.852 (0.740-0.981) 0.026
1.201 (1.022-1.411) 0.026 1.257 (1.097-1.440) <0.001
2.389 (2.045-2.789) <0.001 2.561 (2.258-2.905) <0.001
1.731 (1.496-2.003) <0.001 2.054 (1.813-2.326) <0.001
1.958 (1.717-2.232) <0.001 2.101 (1.877-2.352) <0.001
1.632 (1.306-2.040) <0.001 1.292 (1.089-1.533) 0.003

OS, overall survival; RFS, recurrence-free survival; HR, hazard ratio; Cl, confidence interval; AFP, alpha-fetoprotein; ALBI, albumin-bilirubin;
NrLR, neutrophil times y-glutamyl transpeptidase-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PNI, prognostic nutritional index;

GPR, y-glutamyl transpeptidase-to-platelet ratio.

of >132.13, PLR of >142.77, PNI of <53.95, GPR of >0.71,
a tumor size of >5 cm, multiple tumors, microvascular
invasion, and an Edmondson-Steiner grade of III-IV
were the independent risk factors associated with RFS by
multivariate analysis (Zzble 2). These variables were used
to draw a prognostic nomogram to predict one-, three-
and five-year RFS (Figure 1B). Based on the nomogram,
a simple predictive tool was developed for clinicians and
is available at https://recurrenceprediction.shinyapps.io/
dynnomrfs/ (Figure S3B).

Assessing and comparing model performance

The discriminative performance of the models was assessed
and compared by C-index and time-dependent AUC.
In predicting OS, the C-index of the nomogram in the
training and validation cohorts was 0.71 (95% CI: 0.70-
0.73) and 0.71 (95% CI: 0.69-0.74), respectively, which
were greater than those of the 8th AJCC staging system
(0.62, 95% CI: 0.60-0.64, P<0.001 in the training cohort;
0.63, 95% CI: 0.61-0.66, P<0.001 in the validation cohort),
the BCLC staging system (0.57, 95% CI: 0.56-0.58,
P<0.001 in the training cohort; 0.57, 95% CI: 0.55-0.59,
P<0.001 in the validation cohort), and the CNLC staging
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system (0.63, 95% CI: 0.61-0.65, P<0.001 in the training
cohort; 0.65, 95% CI: 0.62-0.67, P<0.001 in the validation
cohort) (Table 3).

In predicting RFS, the C-index of the nomogram (0.71,
95% CI: 0.70-0.73 in the training cohort; 0.74, 95% CI:
0.72-0.76 in the validation cohort) was also higher than
the 8th AJCC, BCLC, and CNLC staging systems (all
P<0.001 when compared with the nomogram) (Table 4).
Time-dependent AUC (1, 3, and 5 years) showed that
the prognostic nomograms for OS and RFS were both
significantly greater than the three commonly used staging
systems in the training and validation cohorts (Figure 2;
Tables 3,4).

DCA was used to compare clinical usefulness. As
shown in Figure 3, DCA was used to calculate the clinical
usefulness of each model according to the risk probability
threshold (x-axis) and net benefit (y-axis). DCA revealed
that the prognostic nomograms had better net benefits in
both the training and validation cohorts than the 8th AJCC,
BCLC, and CNLC staging systems.

Overall, the calibration curves displayed a good agreement
between the prediction of the prognostic nomograms and
actual outcomes in the training and validation cohorts
(Figure 4).

Ann Transl Med 2020;8(17):1061 | http://dx.doi.org/10.21037/atm-20-1919



Page 6 of 12

Points

AFP

Resection margin
Tumor size
Tumor number
Edmondson grade
MVI

PLR

GPR

NrLR

Total Points
1-year OS

3-year OS

5-year OS

Points

AFP

ALBI

Tumor size
Tumor number
Edmondson grade
MVI

PNI

NrLR

GPR

Hepatitis

PLR

Total Points
1-year RFS
3-year RFS

5-year RFS

Zeng et al. Inflammation-based prognostic nomograms in HCC

0 1 2 3 4 5 6 7 8 9 10
| — 1 P PR ISR SR SR RS SR TR ST S SR S MY | I PR ]
>400 ng/mL
1
T
<400 ng/mL <1cm
]
T
>1cm >5cm
r ]
<5cm Multiple
1
T
Solitary n-v
1
T
-1 Presence
1
T
Absence >142.77
<142.77 >0.71
—_—
<0.71 >132.13
<132.13
r~—~++*f7 ~rrrrrrrr 1 rrrrrrrrr 11111
0 5 10 15 20 25 30 35 40 45
T T T 1
0.9 0.8 0.7 0.6
T T T T T T T 1
0.9 0.8 0.7 0.6 05 04 03 02
r T T T T T T T T 1
0.9 0.8 0.7 0.6 05 04 03 02 0.1 0.05
0 1 2 3 4 5 6 7 8 9 10
L 1 1 1 1 1 1 1 1 1 1
>400 ng/mL
1
T
<400 ng/mL 263
<2.63 >5cm
1
r
<5cm Multiple
1
T
Solitary -1V
r ]
=l Presence
1
T
Absence >53.95
<53.95 >132.13
<132.13 >0.71
—_—
<0.71 Yes
—_—
No >142.77
<142.77
rrrrrrrrrrrrrrr1rrrrr1rrrrr1rrrrr1rrrrr1rrrrr1r 1
0 5 10 15 20 25 30 35 40 45 50
T T T T T T T T T 1
0.9 0.8 0.7 06 05 04 03 02 0.1 0.05
T T T T T T T T T 1
0.9 0.8 0.7 06 05 04 03 02 0.1 0.05
T T T T T T T T 1
0.8 07 06 05 04 03 02 0.1 0.05

Figure 1 Nomograms for predicting 1-, 3- and 5-year OS (A) and 1-, 3- and 5-year RFS (B). OS, overall survival; RFS, recurrence-free

survival; AFP, alpha-fetoprotein; MVI, microvascular invasion; ALBI, albumin-bilirubin; NrLR, neutrophil times y-glutamyl transpeptidase-

to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PNI, prognostic nutritional index; GPR, y-glutamyl transpeptidase-to-platelet

ratio.
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Table 3 Comparison of time-dependent AUC and C-index between the nomogram and the AJCC 8th, BCLC, CNLC staging systems in

predicting overall survival

3-yr AUC (95% Cl)

5-yr AUC (95% Cl)

C-index (95% Cl)

Cohort Model 1-yr AUC (95% Cl)
Training Nomogram 0.80 (0.77-0.83)
cohort 8th AJCC 0.66 (0.62-0.70)"
BCLC 0.59 (0.56-0.62)**
CNLC 0.67 (0.64-0.70)**
Validation Nomogram 0.74 (0.69-0.78)
cohort 8th AJCC 0.65 (0.60-0.70)"
BCLC 0.56 (0.52-0.60)**
CNLC 0.63 (0.59-0.68)**

0.75 (0.73-0.78)
0.65 (0.62-0.67)"
0.59 (0.57-0.61)™
0.65 (0.63-0.68)
0.76 (0.73-0.80)

0.67 (0.64-0.70)™
0.60 (0.57-0.63)™
0.68 (0.65-0.72)™

0.75 (0.72-0.77)
0.65 (0.62-0.67)"
0.59 (0.57-0.61)™
0.66 (0.64-0.68)™*
0.74 (0.68-0.79)

0.67 (0.61-0.72)*
0.58 (0.54-0.62)™
0.66 (0.61-0.72)™

0.71 (0.70-0.73)

0.62 (0.60-0.64)
0.57 (0.56-0.58)"
0.63 (0.61-0.65)™
0.71 (0.69-0.74)

0.63 (0.61-0.66)
0.57 (0.55-0.59)™
0.65 (0.62-0.67)™

*, P<0.05 when compared with nomogram; **, P<0.001 when compared with nomogram. AUC, area under the receiver operating
characteristic curve; Cl, confidence interval; AJCC, American Joint Committee on Cancer; BCLC, Barcelona Clinic Liver Cancer; CNLC,

Chinese Liver Cancer.

Table 4 Comparison of time-dependent AUC and C-index between nomogram and the AJCC 8th, BCLC, CNLC staging systems in predicting

recurrence-free survival

3-yr AUC (95% Cl)

5-yr AUC (95% Cl)

C-index (95% Cl)

Cohort Model 1-yr AUC (95% Cl)
Training Nomogram 0.78 (0.76-0.80)
cohort 8th AJCC 0.67 (0.65-0.70)"*
BCLC 0.60 (0.57-0.62)"
CNLC 0.67 (0.65-0.69)*
Validation Nomogram 0.81 (0.79-0.84)
cohort 8th AJCC 0.71 (0.68-0.74)"*
BCLC 0.62 (0.60-0.65)
CNLC 0.74 (0.71-0.77)*

0.77 (0.75-0.79)

0.67 (0.65-0.69)™
0.60 (0.58-0.62)™
0.69 (0.66-0.71)™
0.80 (0.77-0.83)

0.72 (0.69-0.75)"
0.62 (0.60-0.65)™
0.72 (0.69-0.75)™

0.78 (0.75-0.80)

0.66 (0.64-0.68)™
0.60 (0.58-0.61)™
0.70 (0.67-0.72)**
0.77 (0.72-0.83)

0.71 (0.66-0.76)*
0.61 (0.57-0.65)™
0.70 (0.64-0.75)™

0.71(0.70-0.73)

0.63 (0.61-0.64)™
0.57 (0.56-0.58)
0.64 (0.62-0.65)
0.74 (0.72-0.76)

0.67 (0.65-0.68)"
0.59 (0.58-0.61)™
0.67 (0.65-0.69)™

*, P<0.05 when compared with nomogram; **, P<0.001 when compared with nomogram. AUC, area under the receiver operating
characteristic curve; Cl, confidence interval; AJCC, American Joint Committee on Cancer; BCLC, Barcelona Clinic Liver Cancer; CNLC,

Chinese Liver Cancer.

Subgroup analysis

We validated the current nomograms in different subgroups
of patients according to age (<50 and >50), gender (male
and female), etiology (non-viral hepatitis and viral hepatitis),
and liver cirrhosis (non-liver cirrhosis and liver cirrhosis).
The C-indexes of the two nomograms were still superior
to those of the conventional staging systems, suggesting a
consistent performance in these populations (7ables $3,54).

Risk stratification

Based on the score calculated by the nomogram for OS,

© Annals of Translational Medicine. All rights reserved.

using 20.36 and 29.87 as the cutoff values (which correspond
to the 50th and 85th percentile of the score in the training
cohort, respectively), the patients were classified into low-
risk, intermediate-risk, and high-risk groups. Kaplan-
Meier analysis showed that the OS rates stratified prognosis
among the three risk groups in the training and validation
cohorts (P<0.0001) (Figure S4A,B).

Based on the score calculated by the nomogram for
RFS, using 19.58 and 29.03 as the cutoff values (which
correspond to the 50th and 85th percentiles of the score in
the training cohort, respectively), three distinct risk groups
were also stratified. Kaplan-Meier analysis showed that the

Ann Transl Med 2020;8(17):1061 | http://dx.doi.org/10.21037/atm-20-1919
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Figure 2 Comparison of time-dependent AUC (one-, three- and five-year) between the prognostic nomograms and commonly used staging
systems. (A) Training cohort in predicting OS; (B) validation cohort in predicting OS; (C) training cohort in predicting RFS; (D) validation

cohort in predicting RFS. AUC, the area under the receiver operating characteristic curve; OS, overall survival; RES, recurrence-free

survival.

RES rates were significantly different among the three risk
groups in the training and validation cohorts (P<0.0001)
(Figure S4C,D).

Discussion

Based on our large cohort study, we developed and validated
novel nomograms to predict prognosis in HCC patients
who underwent radical resection. The C-index, time-

© Annals of Translational Medicine. All rights reserved.

dependent AUC, and DCA of the nomograms showed
significantly better predictive performance than commonly
used staging systems. The calibration curves also showed
a good correlation between the prediction and the actual
outcome. The models could stratify patients into three
different risk groups: the low-risk, intermediate-risk, and
high-risk groups. These predictive models could facilitate
the easy planning of individualized surveillance of surgical
patients and postoperative adjuvant therapy trials for high-

Ann Transl Med 2020;8(17):1061 | http://dx.doi.org/10.21037/atm-20-1919



Annals of Translational Medicine, Vol 8, No 17 September 2020

A Training cohort
Nomogram ———8th AJCC —— BCLC CNLC
0.4+
0.3

\

Net benefit
o
R

0.1+
0.0+
T T T T T
0.0 0.2 0.4 0.6 0.8
Threshold probability
C Training cohort
Nomogram ——8th AJICC —— BCLC CNLC
0.6
0.5
0.4

Net benefit
o o
D

©
o
|

©
o
1

T
0.0 0.2 0.4 0.6 0.8
Threshold probability

Page 9 of 12
B Validation cohort
Nomogram ———8th AJCC ——BCLC CNLC
0.5
0.4+
£0.3 \
c
[0}
Qa
20.2-
0.1
- \.\\\ N—
0.0 -
T T T T T
0.0 0.2 0.4 0.6 0.8
Threshold probability
D Validation cohort
Nomogram ——=8th AJICC ——BCLC CNLC
0.6
0.5+ AN
0.4+
g
)
2 0.3
o}
z
0.24
0.14 -
>
0.04
T T T T T
0.0 0.2 0.4 0.6 0.8

Threshold probability

Figure 3 Comparison of decision curve analysis between the prognostic nomograms and commonly used staging systems. (A) Training
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risk patients to be designed.

Tumor size and number are important stratification
criteria in the BCLC staging system (6). Microvascular
invasion is also an essential component of the 8th AJCC
staging system (5). However, when used alone, these factors
are not able to sufficiently reflect the overall malignant
characteristics of HCC. Moreover, both the BCLC and
8th AJCC staging systems are not specifically designed to
predict HCC recurrence. Given the lack of consensus on
risk stratification, present nomograms that combine tumor

© Annals of Translational Medicine. All rights reserved.

burden and inflammation-related indexes are more powerful
in predicting OS and RFS than the BCLC and 8th AJCC
staging systems.

HCC is an inflammatory disease, and there is growing
evidence that emphasizes the important role of inflammation
in cancer progression (8). Consistent with the results of
previous studies, we found NrLR, PLR, and GPR to be
independent risk factors of prognosis in HCC (11,12,14).
These inflammation-related indexes comprise serum
neutrophilia count, lymphopenia count, platelet count, and

Ann Transl Med 2020;8(17):1061 | http://dx.doi.org/10.21037/atm-20-1919
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GGT level. Recent studies have indicated that neutrophils
can promote cancer cell proliferation and metastasis through
the release of angiogenic factors and inflammatory mediators
(25,26). Lymphocytes, on the other hand, play an anticancer
role in host immunity by inducing apoptosis and inhibiting
cancer cell migration and invasion (8,27). The low platelet
count noted in a considerable proportion of patients with
cirrhosis is a well-known indicator of portal hypertension (28).
Moreover, a high level of GGT was found to be associated
with larger tumor size, multiple tumors, and vascular
invasion, and was significantly correlated with prognostic
outcome in patients with HCC (29,30). However, the
molecular mechanism of NrLR, PLR, and GPR in HCC

© Annals of Translational Medicine. All rights reserved.

prognosis is still unclear.

We also found that PNI and ALBI were independent
risk factors of tumor recurrence in HCC. Chan et al.
reported that PNI was a predictor of tumor recurrence in
the BCLC 0/A stage HCC after surgical resection (13).
ALBI is another independent prognostic indicator of tumor
recurrence and is used in SS-CLIP and ERASL models
(31,32). Albumin is an important component in PNI
and ALBI. Hypoalbuminemia in patients with HCC not
only contributes to impaired liver function, caused by the
underlying chronic liver disease, but is also associated with
a sustained systemic inflammatory response, either from the
tumor itself or as a host reaction (33).

Ann Transl Med 2020;8(17):1061 | http://dx.doi.org/10.21037/atm-20-1919
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There are several limitations to our study. Firstly, the
nomograms were established using the data mostly from
HBV-infected HCC patients. Markers of chronic liver
inflammation, fibrosis, and cirrhosis, including HBV-
DNA, HBsAg, and HBeAg, and anti-viral therapy, were not
analyzed in this study. Therefore, our results need external
validation in different geographic regions and etiology.
Secondly, blood cell and liver function levels are affected by
infection and metabolic syndrome. Although the results may
have incurred some level of bias, infection, and metabolic
syndrome can also impact the prognosis of HCC. Thirdly,
the application of the nomograms in clinical practice could
prove challenging, but simple online tools help to overcome
this problem.

In conclusion, two novel nomograms incorporating
inflammation-related indexes and accessible clinical
parameters were developed to predict OS and RES in HCC
patients who underwent radical resection with adequate
performance.
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Supplementary

Table S1 The formula and cut-off value of inflammation-related index

Inflammation-related index Formula Cut-off value
NLR Neutrophil/lymphocyte 1.52
LMR Lymphocyte/monocyte 5.038
NrLR Neutrophil x GGT/lymphocyte 132.13
PLR Platelet/lymphocyte 142.77
PNI Albumin + 5 x lymphocyte 53.95
GPR GGT/ULN of GGT/platelet x100 0.71
Sl Platelet x neutrophil/lymphocyte 580.62

GGT, y-glutamyl transpeptidase; NLR, neutrophil to lymphocyte ratio; LMR, lymphocyte to monocyte ratio; NrLR, neutrophil times y-glutamyl
transpeptidase to lymphocyte ratio; PLR, platelet to lymphocyte ratio; PNI, prognostic nutritional index; GPR, y-glutamyl transpeptidase to
platelet ratio; Sll, systemic immune-inflammation index.

HCC patients who underwent radical resection at Eastern
Hepatobiliary Surgery hospital from 2008 to 2014 (n=3,961)

Excluded patients (n=890):

Preoperative anticancer treatment (n=304)
History of other malignancies (n=35)
Incompilete clinical and follow-up data (n=526)
Perioperative death (n=25)

Y

Y

3,071 patients were included in this study

Training cohort Validation cohort
From 2008 to 2012 < From 2013 to 2014
(n=2,020) (n=1,051)

Y

Y

Constructing nomogram
using COX regression

Y Y

Assessing and comparing model performance

Figure S1 The flow chart in the study.
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Table S2 Univariate Cox regression analysis of factors associated with OS and RFS in the training cohort

0os RFS
Variables
HR (95%Cl) P value HR (95%Cl) P value
Patient factors/surgical factors
Age, =50 vs. <50 years 0.935 (0.825-1.061) 0.301 0.920 (0.827-1.023) 0.123
Gender, male vs. female 1.142 (0.940-1.388) 0.180 1.259 (1.067-1.487) 0.006
Hepatitis, yes vs. no 1.100 (0.886-1.365) 0.388 1.211 (1.007-1.455) 0.042
AFP, >400 vs. <400 ng/mL 1.633 (1.438-1.854) <0.001 1.490 (1.337-1.660) <0.001
ALBI, >2.63 vs. <2.63 1.258 (1.086-1.457) 0.002 1.376 (1.217-1.556) <0.001
Blood transfusion, yes vs. no 1.599 (1.329-1.924) <0.001 1.719 (1.468-2.012) <0.001
Operative bleeding loss, >800 vs. <800 mL 1.662 (1.359-2.032) <0.001 1.733 (1.461-2.056) <0.001
Resection margin, =1 vs. <1 cm 0.628 (0.536-0.735) <0.001 0.739 (0.650-0.839) <0.001
PA-TACE, yes vs. no 0.915 (0.805-1.040) 0.175 1.035 (0.930-1.153) 0.524
Inflammation-related indexes
NLR, >1.52 vs. <1.52 1.432 (1.230-1.667) <0.001 1.311 (1.157-1.485) <0.001
LMR, >5.03 vs. <5.03 0.794 (0.700-0.902) <0.001 0.782 (0.703-0.871) <0.001
NrLR, >132.13 vs. <132.13 1.811 (1.594-2.057) <0.001 1.830 (1.645-2.037) <0.001
PLR, >142.77 vs. <142.77 1.544 (1.336-1.785) <0.001 1.481 (1.307-1.679) <0.001
PNI, >53.95 vs. <53.95 0.691 (0.589-0.811) <0.001 0.675 (0.591-0.771) <0.001
GPR, >0.71 vs. <0.71 1.566 (1.374-1.785) <0.001 1.669 (1.496-1.863) <0.001
Sll, >580.62 vs. <580.62 1.588 (1.361-1.852) <0.001 1.525 (1.336-1.741) <0.001
Tumor factors
Tumor size, =5 vs. <5 cm 2.569 (2.225-2.967) <0.001 2.586 (2.299-2.910) <0.001
Tumor number, multiple vs. solitary 1.766 (1.529-2.039) <0.001 2.069 (1.831-2.338) <0.001
Microvascular invasion, presence vs. absence 1.980 (1.742-2.250) <0.001 2.026 (1.816-2.260) <0.001
Edmondson-Steiner grade, lI-IV vs. I-1I 2.411 (1.940-2.995) <0.001 1.959 (1.661-2.311) <0.001
Liver cirrhosis, presence vs. absence 1.008 (0.876-1.160) 0.915 1.106 (0.981-1.246) 0.099

OS, overall survival; RFS, recurrence-free survival; HR, hazard ratio; Cl, confidence interval; AFP, alpha-fetoprotein; ALBI, albumin-bilirubin;
PA-TACE, postoperative adjuvant transarterial chemoembolization; NLR, neutrophil to lymphocyte ratio; LMR, lymphocyte to monocyte
ratio; NrLR, neutrophil times y-glutamyl transpeptidase to lymphocyte ratio; PLR, platelet to lymphocyte ratio; PNI, prognostic nutritional
index; GPR, y-glutamyl transpeptidase to platelet ratio; Sll, systemic immune-inflammation index.
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Figure S3 Screenshot of the online individualized predictive tool based on the prognostic nomograms in predicting overall survival (A) and

recurrence-free survival (B).



Table S3 Comparison of C-index between nomogram and AJCC 8th, BCLC, CNLC staging systems in predicting overall survival across

different subgroups

Subgroup

Nomogram

AJCC 8th

BCLC

CNCL

Age <50

Age >50

Male

Female

Non-viral hepatitis
Viral hepatitis
Non-liver cirrhosis

Liver cirrhosis

0.71 (0.69-0.73)
0.71 (0.69-0.73)
0.71 (0.69-0.73)
0.72 (0.70-0.74)
0.67 (0.62-0.72)
0.72 (0.70-0.73)
0.72 (0.70-0.75)
0.71 (0.69-0.72)

0.62 (0.60-0.64)"
0.63 (0.61-0.65)
0.63 (0.61-0.64)™
0.63 (0.61-0.65)
0.60 (0.55-0.64)"
0.63 (0.61-0.65)"
0.64 (0.62-0.66)
0.62 (0.60-0.64)

0.57 (0.55-0.58)*
0.57 (0.56-0.59)
0.57 (0.55-0.58)"*
0.57 (0.55-0.59)*
0.57 (0.53-0.61)™
0.57 (0.56-0.58)
0.57 (0.54-0.59)™
0.57 (0.56-0.58)*

0.64 (0.62-0.66)™
0.63 (0.61-0.65)™
0.63 (0.61-0.65)™
0.63 (0.61-0.65)™
0.62 (0.57-0.66)

0.64 (0.62-0.65)™
0.63 (0.61-0.66)™
0.63 (0.61-0.65)™

*, P<0.05 when comparing with nomogram; **, P<0.001 when comparing with nomogram. AJCC, American Joint Committee on Cancer;

BCLC, Barcelona Clinic Liver Cancer; CNLC, Chinese Liver Cancer.

Table S4 Comparison of C-index between nomogram and AJCC 8th, BCLC, CNLC staging systems in predicting recurrence-free survival across

different subgroups

Subgroup

Nomogram

AJCC 8th

BCLC

CNCL

Age <50

Age >50

Male

Female

Non-viral hepatitis
Viral hepatitis
Non-liver cirrhosis

Liver cirrhosis

0.73 (0.71-0.75)
0.72 (0.70-0.74)
0.72 (0.70-0.74)
0.72 (0.69-0.76)
0.72 (0.68-0.76)
0.72 (0.70-0.74)
0.72 (0.70-0.74)
0.72 (0.70-0.74)

0.64 (0.62-0.66)™
0.64 (0.62-0.66)™
0.64 (0.62-0.66)™
0.61 (0.58-0.65)
0.65 (0.61-0.69)"
0.64 (0.62-0.66)™
0.64 (0.62-0.66)
0.64 (0.62-0.66)™

0.58 (0.56-0.59)™
0.58 (0.56-0.60)"
0.58 (0.56-0.60)"
0.57 (0.54-0.59)
0.61 (0.57-0.64)"
0.58 (0.56-0.60)"
0.58 (0.55-0.59)**
0.58 (0.56-0.60)™

0.65 (0.63-0.67)"
0.65 (0.63-0.67)"
0.65 (0.63-0.67)*
0.64 (0.61-0.68)*
0.67 (0.63-0.70)

0.65 (0.63-0.67)"
0.65 (0.63-0.67)*
0.65 (0.63-0.67)*

*, P<0.05 when comparing with nomogram; **, P<0.001 when comparing with nomogram. AJCC, American Joint Committee on Cancer;

BCLC, Barcelona Clinic Liver Cancer; CNLC, Chinese Liver Cancer.
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Figure S4 Kaplan-Meier curves for OS and RFS in the low-risk, intermediate-risk, and high-risk groups defined by the prognostic
nomograms. (A) Training cohort for OS; (B) validation cohort for OS; (C) training cohort for RFS; (D) validation cohort for RFS. OS,

overall survival; RFS, recurrence-free survival.
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