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Background: For Chinese patients with hepatocellular carcinoma (HCC), surgical resection is the most important treatment to achieve
long-term survival for patients with an early-stage tumor, and yet the prognosis after surgery is diverse. We aimed to construct a scoring
system (Shanghai Score) for individualized prognosis estimation and adjuvant treatment evaluation.

Methods: A multivariate Cox proportional hazards model was constructed based on 4166 HCC patients undergoing resection
during 2001-2008 at Zhongshan Hospital. Age, hepatitis B surface antigen, hepatitis B e antigen, partial thromboplastin time,
total bilirubin, alkaline phosphatase, y-glutamyltransferase, a-fetoprotein, tumor size, cirrhosis, vascular invasion, differentiation,
encapsulation, and tumor number were finally retained by a backward step-down selection process with the Akaike information
criterion. The Harrell’s concordance index (C-index) was used to measure model performance. Shanghai Score is calculated by
summing the products of the 14 variable values times each variable’s corresponding regression coefficient. Totally 1978 patients
from Zhongshan Hospital undergoing resection during 2009-2012, 808 patients from Eastern Hepatobiliary Surgery Hospital
during 2008-2010, and 244 patients from Tianjin Medical University Cancer Hospital during 2010-2011 were enrolled as external
validation cohorts. Shanghai Score was also implied in evaluating adjuvant treatment choices based on propensity score matching
analysis.

Results: Shanghai Score showed good calibration and
discrimination in postsurgical HCC patients. The bootstrap-corrected
C-index (confidence interval [CI]) was 0.74 for overall
survival (OS) and 0.68 for recurrence-free survival (RFS) in
derivation cohort (4166 patients), and in the three independent
validation cohorts, the CIs for OS ranged 0.70-0.72 and that for
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RFS ranged 0.63-0.68. Furthermore, Shanghai Score provided
evaluation for adjuvant treatment choices (transcatheter arterial
chemoembolization or interferon-o.). The identified subset
of patients at low risk could be ideal candidates for curative
surgery, and subsets of patients at moderate or high risk could be
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recommended with possible adjuvant therapies after surgery. Finally, a web server with individualized outcome prediction and treatment

recommendation was constructed.

Conclusions: Based on the largest cohort up to date, we established Shanghai Score — an individualized outcome prediction system
specifically designed for Chinese HCC patients after surgery. The Shanghai Score web server provides an easily accessible tool to
stratify the prognosis of patients undergoing liver resection for HCC.

Key words: Adjuvant Treatment; Hepatocellular Carcinoma; Prognosis; Shanghai Score

INTRODUCTION

Hepatocellular carcinoma (HCC) is the third leading cause
of cancer death worldwide.™ In China, HCC ranks the fourth
most deadly cancer, but these cases make up nearly half of
the HCC cases in the world.? Currently, surgery remains one
of the most effective treatments with curative potential, but
long-term survival of HCC patients after surgery is mixed.*
Additionally, it is difficult to predict patient prognosis and
outcome, and there is a lack of adjuvant treatment options
for postsurgical HCC.

Since the first proposal of Okuda et al. in 1985,5! a dozen
of staging systems have been developed and tested in
different populations,™ including the Barcelona Clinic
Liver Cancer (BCLC),[¥! Cancer of the Liver Italian
Program score (CLIP),[ and the Japan Integrated Staging
score (JIS).!® Recently, the Hong Kong Liver Cancer
classification (HKLC) was also developed for guiding
treatment.””) These systems are based on preoperative
assessments, and pathological factors such as tumor
differentiation, encapsulation, satellite lesions, presence
of microvascular invasion, and liver cirrhosis were not
considered. During the last 2 years, a few postoperative
models were proposed to predict overall survival (OS),!%
recurrence,!'!) or benefit from adjuvant treatment after
surgery.[') These models were aimed at either early-stage!!!!
or large"®¥ HCCs, and the derivation cohorts for model
training were relatively small, with most of them lacked
multicenter validation.

Transcatheter arterial chemoembolization (TACE) can be
used to treat high-risk HCC patients!!>!415] with large tumor
size (>5 cm),!"®! tumor with microvascular invasion,!'” or
tumors with portal vein tumor thrombosis,!"®! but there are
no standardized guidelines. Interferon-a (IFN) therapy is an
antivirus treatment for patients with hepatitis B virus (HBV)
or hepatitis C virus infection,” but the effects of IFN on HCC
are unclear. An objective evaluating system that incorporates
multiple clinical indices with prognosis prediction should
help identify which population of postsurgical HCC patients
might benefit from certain adjuvant treatments.

The goal of this work was to establish a prognostic
system for the large population of Chinese HCC patients
undergoing curative liver resection to predict their OS
and tumor recurrence, as well as evaluate the benefits
from adjuvant therapies, including TACE and IFN. We
termed this system the Shanghai Score and based it on a
retrospective analysis of a large derivation cohort of 4166

postoperative HCC patients. Validation cohorts included
three independent multicenter patient groups (n = 1978,
n = 808, and n = 244). As a computational substitute to
a nomogram, a web server for the Shanghai Score was
developed and deployed at http://www.115.28.66.83/pro/
theme/admin_4/shanghai.php.

MeTtHoDS

Ethical approval

Ethical approvals were obtained from the Zhongshan
Hospital, Eastern Hepatobiliary Surgery Hospital, and
Tianjin Medical University Cancer Hospital Research Ethics
Committees (No. B2017-001), and informed consent was
obtained from all patients.

Study population

The entrance criteria for all patients were as follows:
(1) definitive pathological diagnosis of HCC based on the
World Health Organization criteria; (2) no prior anticancer
treatment; (3) curative resection, defined as complete
resection of all tumor nodules, with the cut surface free of
cancer by histological examination;*”! and (4) greater than
1 month survival postsurgery and availability of complete
clinicopathological and follow-up data. We retrospectively
identified 4166 HCC patients who underwent curative
resection from 2001 to 2008 at Zhongshan Hospital
(Cohort 1). A same-center internal independent cohort of
1978 consecutive HCC patients undergoing resection from
2009 to 2012 was enrolled as Cohort 2. Two additional
cohorts of eligible patients were enrolled as external
validation cohorts: one from Eastern Hepatobiliary Surgery
Hospital in Shanghai, who underwent resection from 2008 to
2010 (Cohort 3, n =808), and another from Tianjin Medical
University Cancer Hospital in Tianjin who underwent
resection from 2010 to 2011 (Cohort 4, n = 244).

Postsurgical follow-up

Patients were followed up in the clinics every 2 months
during the first postsurgical year, and at least every
3—4 months thereafter until March 30, 2011 (Cohort 1),
May 30, 2015 (Cohort 2), May 30, 2012 (Cohort 3), and
May 30, 2014 (Cohort 4). The end points for this study
were OS and RFS.

Candidate variables

We selected candidate variables that are commonly
assessed and clearly defined to enable model generalization
and comparison among different institutions. Variables
used to calculate the propensity match score included
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age, hepatitis B surface antigen (HBsAg), hepatitis
B e antigen (HBeAg), cirrhosis, o-fetoprotein, total
bilirubin, partial thromboplastin time, alkaline phosphatase,
y-glutamyltransferase, differentiation, tumor size, vascular
invasion, encapsulation, and tumor number.

Statistical analysis

Prognosis prediction modeling was performed as follows:
Cox proportional hazards regression was implemented
for Cohort 1 to predict OS. Missing data were imputed by
approximate multiple imputation.?!! To take both prediction
accuracy and parsimony into consideration, we performed a
backward step-down selection process for the final model,
using the Akaike information criterion (AIC).”? For each
patient, we derived an accurate risk score (termed the
Shanghai Score) by summing the products of the values of
selected variables and regression coefficients. Discrimination
was evaluated using the concordance index (C-index)?!
corrected 1000 times by bootstrapping.”?* To compare the
predictive performance with other staging systems, the
C-index for each staging system was first evaluated, and
then the homogeneity and monotonicity of gradient were
evaluated by multivariate analysis, where the difference
of likelihood ratio Chi-square and AIC was calculated. We
externally validated the prediction power of the Shanghai
Score using Cohort 2, Cohort 3, and Cohort 4.

To evaluate the adjuvant therapy benefit, HCC patients
were classified into three groups (high, moderate,
and low risk) based on the estimated Shanghai Score,
and the effect of TACE or IFN in each group was
further evaluated. A propensity score matching (PSM)
analysis was performed to minimize selection bias and
approximate a randomized trial, and 1:1 matching was
accomplished using the nearest-neighbor matching
method.! All statistical analyses were performed using
R 3.2.1 (http://www.r-project.org/) with package rms and
customized R scripts.

Web server construction

Although nomograms are popular ways to predict patient
outcome, we decided to construct our Cox regression
model into a prognostic web server scoring system for HCC
patients after resection. This approach provides the freedom
for users to obtain individual patient risk ratios at different
time points. The dynamic web interface was constructed
with PHP: Hypertext Preprocessor technology (http://www.
php.net/) with an Apache server (http://www.apache.org/).
The analysis tool modules were developed using R, which
allows collection of clinical features from uploaded patient
data and easy return of results.

ResuLts

Patients’ characteristics

The clinical characteristics in the four cohorts are
listed in Table 1 and Supplementary Table 1. The mean
follow-up time in Cohort 1 was 40.5 months (range,
1.0-120.7 months). At the end of follow-up, 1910 (45.8%)

patients had died and 2161 (51.9%) had recurrence. In
Cohort 2, the mean follow-up time was 19.0 months
(range, 1.0-43.9 months); during this time, 260 (12.6%)
patients died and 609 (29.2%) had recurrence. In Cohort
3, the mean follow-up time was 24.4 months (range,
1-57 months), during which 168 (20.8%) patients died
and 375 (46.4%) had recurrence. For Cohort 4, the mean
follow-up time was 26.7 months (range, 1.0-47.5 months),
during which 87 (35.6%) patients died and 147 (60.2%)
had recurrence. TACE treatment occurred in all the four
cohorts, and in Cohorts 1 and 2, some patients were treated
with IFN based on the judgment of the doctor at the time.

Construction and internal validation of the Shanghai
Score

The Shanghai Score was constructed with multivariate Cox
regression modeling to predict OS and RFS. The clinical
variables used are summarized in Table 2 and include age,
HBsAg, HBeAg, partial thromboplastin time, total bilirubin,
alkaline phosphatase, y-glutamyltransferase, a-fetoprotein,
tumor size, cirrhosis, vascular invasion, differentiation,
encapsulation, and tumor number. The Shanghai Score is
calculated by summing the products of the 14 variable values
times each variable’s corresponding regression coefficient.
The performance of Shanghai Score was internally
validated in Cohort 1, and the discrimination power, shown
by C-index corrected with bootstrapping, was 0.74 (95%
confidence interval: 0.73—0.75) for OS and 0.68 (0.67—0.69)
for RFS [Supplementary Table 2]. The calibration curves
showed good correlation between predicted and observed
outcomes for OS prediction [Figure 1].

The performance of the Shanghai Score was further
compared with 11 HCC staging systems, including
the Okuda et al.,”"! the Chinese University Prognostic
Index,? the Eastern staging system,?”” BCLC,®! CLIP,”
JIS,®! Chinese Staging,*®! American Joint Committee on
Cancer-Tumor node metastasis (TNM),?*! United Network
for Organ Sharing-TNM,P” Japan-TNM,BY and HKLC!!
system. Importantly, we found that the Shanghai Score
showed the best discrimination (C-index) for both OS and
RFS predictions [Supplementary Tables 2 and 3].

Independent validation of the Shanghai Score

In three independent HCC patient cohorts
(Cohorts 2, 3, and 4), the Shanghai Score maintained similar
predictive performances for OS and RFS. The C-indexes
for OS and RFS were 0.72 and 0.66 in Cohort 2, 0.70 and
0.63 in Cohort 3, and 0.70 and 0.68 in Cohort 4, respectively
[Supplementary Table 2]. The performance of the Shanghai
Score was also best compared with the other 11 staging
systems for Cohorts 2—4 [Supplementary Table 3].

Adjuvant treatment recommendations for hepatocellular
carcinoma patients after surgery using the Shanghai
Score

We first divided Cohort 1 patients into three subgroups
(high, moderate, and low risk) based on the distribution
of Shanghai Scores [at cutoff values of 4.922 and 4.129;
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Table 1: Clinicopathological characteristics in training (Cohort 1), same-center validation (Cohort 2), and extra-center
validation (Cohort 3, Cohort 4) datasets

Variables Cohort 1 (n = 4166) Cohort 2 (n = 1978) Cohort 3 (n = 808) Cohort 4 (n = 244)
Sex

Male 3570 (86) 1693 (86) 685 (85) 208 (85)

Female 596 (14) 285 (14) 123 (15) 36 (15)
HBsAg

Positive 3551 (85) 1704 (86) 714 (88) 177 (73)

Negative 615 (15) 274 (14) 94 (12) 67 (27)
HBcAb

Positive 3795 (91) 1942 (98) 760 (95) 192 (79)

Negative 371 (9) 36 (2) 44 (5) 51(21)

NA 4(0) 1(0)
HBeAg

Positive 2844 (68) 504 (25) 254 (31) 24 (10)

Negative 1322 (32) 1474 (75) 553 (68) 219 (90)

NA 1(0) 1 (0)
HCVAD

Positive 76 (2) 25 (1) 28 (3) 17(7)

Negative 4090 (98) 1953 (99) 765 (95) 225(92)

NA 15(2) 2(1)
Liver cirrhosis

None 1018 (24) 983 (50) 407 (50) 152 (62)

Yes 3148 (76) 995 (50) 401 (50) 92 (38)
Child-Pugh score

A 4054 (97) 1920 (97) 799 (99) 241 (99)

B 111 (3) 58 (3) 9(1) 3 (1)

C 1(0) 0 0 0
Encapsulation

None 1932 (46) 774 (39) 243 (30) 167 (68)

Yes 2234 (54) 1204 (61) 565 (70) 77 (32)
Differentiation

-1 3016 (72) 1369 (69) 427 (53) 137 (56)

-1V 1150 (28) 609 (31) 240 (30) 58 (24)

NA 141 (17) 49 (20)
Tumor number

Single 3220 (77) 1571 (79) 737 (91) 200 (82)

Two 501 (12) 244 (12) 64 (8) 21(9)

Multiple 445 (11) 163 (8) 7(1) 22 (9)

NA 1(0)
Tumor size

<5cm 2415 (58) 1304 (66) 715 (88) 146 (60)

>5 cm 1751 (42) 674 (34) 93 (12) 94 (39)

NA 4(2)
Vascular invasion

None 2675 (64) 1320 (67) 651 (81) 78 (32)

Micro 1036 (25) 536 (27) 157 (19) 138 (57)

Macro 455 (11) 122 (6) 0 27 (11)

NA 1(0)
Hilar lymph node metastasis

None 4102 (98) 1934 (98) 805 (100) 244 (100)

Yes 64 (2) 44 (2) 3(0) 0(0)
Age (years) 52 (44-60) 54 (46-61) 51 (44-59) 54 (47-60)
TB

Level (g/L) 14 (11-19) 12 (9-16) 14 (11-18) 15 (12-21)

NA 1(0)

Contd.
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Table 1: Contd...

Variables Cohort 1 (n = 4166) Cohort 2 (n = 1978) Cohort 3 (n = 808) Cohort 4 (n = 244)
ALB

Level (g/L) 42 (39-45) 41 (38-43) 42 (39-44) 46 (42-49)

NA 27 (1) 2(1)
ALT

Level (U/L) 38 (26-57) 33 (23-49) 40 (27-57) 35 (22-52)

NA 4(0) 2(1)
PTT

Level (s) 12 (11-13) 12 (11-13) 12 (12-13) 11 (10-12)

NA 4(0) 2(1)
AKP

Level (U/L) 84 (66-109) 76 (62-95) 75 (73-96) 77 (62-101)

NA 22 (1) 1 (0)
GGT

Level (U/L) 64 (38-115) 53 (34-93) 65 (39-77) 65 (39-114)

NA 6(2)
AFP

Level (ng/ml) 107 (8-1210) 33 (5-461) 31 (5-647) 52 (5-1150)

NA 1(0) 3(1)

Values were shown as n (%), or median (lower quartile-upper quartile).

NA: Not applicable; HBsAg: Hepatitis B surface Antigen;

HBcAb: Hepatitis B core antibody; HBeAg: Hepatitis B ¢ Antigen; PTT: Partial thromboplastin time; TB: Total bilirubin; AKP: Alkaline phosphatase;
GGT: y-glutamyltransferase; AFP: a-fetoprotein; ALT: Alanine transaminase; ALB: Albumin; HCVAb: Hepatitis C virus antibody.

Table 2: Multivariate analysis of clinical indicators for prognostic prediction in training cohort (n = 4166)

Variables Up:low* Overall survival
Coefficient P HR (95% CI)

Age 60:44 0.0082 <0.001 1.01 (1.00-1.01)
HBsAg Positive: negative 0.1703 0.020 1.19 (1.02-1.37)
HBeAg Positive: negative 0.2954 <0.001 1.34 (1.22-1.48)
AFP 1210:8 0.0400 <0.001 1.04 (1.02-1.06)
TB 19:11 0.0023 0.020 1.00 (1.00-1.00)
PTT 13:11 0.0876 <0.001 1.09 (1.05-1.13)
AKP 109:66 0.1669 0.007 1.18 (1.05-1.33)
GGT 115:38 0.1775 <0.001 1.19 (1.12-1.27)
Size 7.5:3.0 0.0818 <0.001 1.09 (1.07-1.10)
Cirrhosis Yes:no 0.1629 0.007 1.18 (1.05-1.32)
Vascular invasion Micro:none 0.4057 <0.001 1.50 (1.35-1.67)

Macro:none 0.8460 <0.001 2.33(2.01-2.70)
Differentiation HI-TV:I-T 0.2981 <0.001 1.35(1.22-1.48)
Encapsulation Yes:no -0.1743 <0.001 0.84 (0.76-0.93)
Number Double:single 0.3740 <0.001 1.45 (1.27-1.66)

Multiple:single 0.3989 <0.001 1.49 (1.30-1.70)

*Upper quartile vs. lower quartile. HR: Hazard ratio; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e antigen; PTT: Partial thromboplastin
time; TB: Total bilirubin; AKP: Alkaline phosphatase; GGT: y-glutamyltransferase; AFP: a-fetoprotein; CI: Confidence interval.

Figure 2a and 2b]. The three subgroups showed distinct
prognoses for both OS and RFS [Figure 2¢ and 2d]. To
compare the effects of adjuvant TACE on the survival
and recurrence of 420 low-risk HCC patients in Cohort 1,
we used PSM®P! to choose 420 patients without TACE
treatment and found that there were no significant
differences between the two groups [Figure 3a and 3b]. In
the moderate-risk group, adjuvant TACE was associated
with improved survival time in 358 HCC patients,
compared with the corresponding PSM patients
[Figure 3¢ and 3d]. For high-risk HCC patients, both OS
and RFS of the 195 patients who received TACE were

improved significantly [Figure 3e and 3f]. In Cohort 2,
adjuvant TACE had a damaging effect in the low-risk group
[Supplementary Figure 1a and 1b], a slight beneficial effect
(not statistically significant) in the moderate-risk group
[Supplementary Figure 1c and 1d], and was associated
with significantly improved OS in high-risk patients
[Supplementary Figure le and 1f]. In Cohort 3, adjuvant
TACE had no survival benefits in low-risk patients
[Supplementary Figure 2a and 2b], a beneficial tendency in
the moderate-risk group [Supplementary Figure 2c and 2d],
and significantly improved RFS for high-risk patients
[Supplementary Figure 2e and 2f]. Together, these results
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suggest that a patient with a Shanghai Score prediction of
high risk could be recommended for local TACE adjuvant
therapy.

We next investigated the effect of IFN treatment on
patient prognosis and found that it showed no survival
benefit (either OS or RFS) for low-risk HCC patients
in Cohort 1 after surgery compared with PSM patients
[Figure 4a and 4b]. However, we found that IFN treatment
was effective in prolonging OS and RFS in the moderate-risk

[Figure 4¢ and 4d] and high-risk groups [Figure 4¢ and 4f{].
IFN treatment had no survival benefit in the low-risk
group of Cohort 2 [Supplementary Figure 3a and 3b], but
improved both OS and RFS in the moderate-risk group
[Supplementary Figure 3¢ and 3d]. Therefore, a patient with
a Shanghai Score falling into moderate- or high-risk groups
might be recommended for systemic IFN adjuvant treatment.

In summary, using our newly developed Shanghai Score,
we found that, in addition to routine treatment, more
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aggressive treatments should be advised for high-risk
patients, such as increasing the frequency of surveillance
and administration of TACE or IFN treatment, which
could improve patient survival. For low-risk patients, a
relatively conservative treatment may be advised instead
of TACE or IFN, to avoid overtreatment. For moderate-risk
patients, appropriate treatment should be recommended on
an individual basis.

Web server

Using a similar method as nomogram, we implemented a
software application as a simpler way for clinicians to use
the Shanghai Score. Clinicians can use this software to
evaluate prognosis and potential adjuvant therapy for HCC
patients after hepatectomy by simply inputting various
requested patient characteristics [Figure 5]. Compared to
a nomogram, the web server has the advantages of quickly

assessing patient risk level and obtaining predicted OS and
RFS at six different time points.

Discussion

The European Association for the Study of the Liver/American
Association for the Study of Liver Diseases guidelines
recommend liver resection for patients with single nodules,
fewer than three small nodules (<3 cm), no clinically
significant portal hypertension, and normal bilirubin, routed
by BCLC. If judged by these criteria, 50% of patients
undergoing liver resection in China would be considered
unsuitable for hepatectomy. This restrictive approach was
established more than 15 years ago, and has not evolved over
time, despite significant improvement in surgical techniques
and technologies.’? Recently, many Western and Eastern
liver cancer centers advocated hepatectomy to treat HCC
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outside of the BCLC criteria, and retrospective analyses
demonstrated that these expanded patients had acceptable
prognoses.*32-3¢ Therefore, the National Liver Cancer
Treatment Guideline of China recommended resection for
selected patients with BCLC B or C stage. The extended
indication for resection may be followed by a general
increase in tumor recurrence and a decrease in survival, but
may also save patients who may have curative potential.
This is especially necessary for developing countries
like China where most HCC patients are past early-stage
disease at diagnosis, where liver resection still represents
the cornerstone for any curability attempt.

The aim of the Shanghai Score is to construct a practical
prognosis system to identify patients who may benefit from
curative hepatectomy within the diverse population of
Chinese HCC patients and provide an evaluation for possible

adjuvant therapy, including local TACE or systemic IFN
treatment. Since there has been no standardized adjuvant
therapy for HCC in the recent years, we only included TACE
and IFN in the development of the Shanghai Score. More
modern antiviral therapy or targeted drugs, like sorafenib,
were not commonly used before 2012 when our retrospective
patient cohorts were collected.

Up until now, there have been no standardized adjuvant
treatments for HCC patients after surgery, and the practice
guidelines of the American Association for the Study of Liver
Diseases do not include TACE or IFN as suggested adjuvant
therapy options. Although our previous studies demonstrated
that TACE improves survival for patients at high risk for
residual tumors!® and IFN treatment postpones recurrence
and improves survival of HBV-infected patients,* it is
difficult to identify those who are most likely to benefit
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Figure 5: The Shanghai Score web server interface. (a) Clinical indexes included in the Shanghai Score are listed in the first page, and should
either be selected or inputted, and submitted to back stage model calculation. (b and ¢) Two examples of results predicted by the Shanghai Score.
An individualized estimate of survival probability and recurrence rate for each case is calculated for 6 months, and 1, 2, 3, 5, and 9 years after
surgery, and personalized treatment recommendations are provided based on the survival benefit estimation.

from such adjuvant therapies. In clinical practice, a patient
mainly relies on the clinician’s limited personal experience
to recommend adjuvant treatment after surgery, which may
be subjective and biased. In this study, our patient-by-patient
suggestive approach to Chinese HCC patients using the

Shanghai Score is based on a more powerful statistical
assessment, by combining PSM with our score system; thus
it should be more objective and reliable. Our results show
that adjuvant TACE might be beneficial for patients with a
high-risk score after surgery, while it might be redundant and
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even harmful for patients with a low-risk score. Additionally,
IFN treatment after surgery showed a survival benefit for
HCC patients with a moderate- or high-risk score, but was
not useful to patients with a low-risk score.

The Shanghai Score was developed using retrospective
analyses of the largest number of HCC patients ever in
China (a total of 7196 patients, distributed across one
derivation cohort and three validation cohorts). In this
scoring system, we included risk factors and demographic
characteristics such as age, HBsAg, HBeAg, and cirrhosis;
tumor-related factors such as tumor size, vascular invasion,
differentiation, encapsulation, and tumor number; and the
indexes reflecting liver impairment such as a-fetoprotein,
total bilirubin, partial thromboplastin time, alkaline
phosphatase, and y-glutamyltransferase. Personal prognostic
prediction is essential to guide postoperative treatment and
counseling.? The Shanghai Score system may be used as a
clinical model for predicting prognosis and recommending
adjuvant treatment for HCC patients after surgery, with web
server-accessible continuous prognostic indexes to estimate
risk for each patient. Our patient-by-patient approach is similar
to nomogram, which is more practical and accurate than a
staging system in predicting prognosis.’” In comparison
with 11 other widely used staging systems, the Shanghai
Score had the best predictive ability in our four HCC cohorts.
Unfortunately, recently published postoperative prognosis
models have also introduced different and new indexes,
which we could not use for comparison. The emergence of
new scoring and staging systems indicates that there are no
widely acceptable standards for postoperative staging, as
there are for preoperative staging.

There are a few limitations to our study. First, the work
was based on retrospective analyses of multiple centers,
and the follow-up intervals, postsurgery therapy, and
postrecurrence therapy results were heterogeneous.
However, the Shanghai Score was constructed based on
patients who underwent resection from 2001 to 2008,
and the performance was validated in three independent
cohorts, in which patients all underwent resection after
2008. This indicates that the Shanghai Score can be applied
prospectively. Second, the benefits of postsurgical TACE
or IFN were estimated in patients using a PSM approach,
in which other factors, such as treatment interval, were not
be considered and may possibly introduce bias into the
analysis. In addition, HBV DNA load was not routinely
tested for at our institute until 2005, but the prognostic role
of HBV DNA load had no significant advantage compared
with other clinical factors (data not shown). Thus, we did
not include HBV DNA load in this study. Additionally,
more recent treatment options have not yet been included.
Finally, our patients were all from China and most had
a background of HBV infection; therefore, whether this
prognostic system could be applicable to patients with a
Western background is still unclear.

Supplementary information is linked to the online version of
the paper on the Chinese Medical Journal website.
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Supplementary Figure 1: The survival benefit for recommending postoperative TAGE by Shanghai Score based on propensity score-matched
approach in Cohort 2 (n = 1978). (a and b) OS and RFS in low-risk patients, TACE actually significantly made both overall survival and
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arterial chemoembolization; OS: Overall survival; RFS: Recurrence-free survival.
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Supplementary Table 1: The distribution of 11 tumor stage systems in training and validation datasets

Tumor stage Cohort1 (m = 4166),n (%)  Cohort2 (n = 1978),n (%) Cohort 3 (n = 808), n (%)  Cohort 4 (n = 244), n (%)
system

AJCC-TNM
1 2273 (55) 1073 (54) 593 (73) 66 (27)
11 1175 (28) 546 (28) 202 (25) 140 (57)
1T 654 (16) 315 (16) 10 (1) 17(7)
v 64 (2) 44 (2) 3(0) 21 (9)
UNOS-TNM
1 249 (6) 172 (9) 83 (10) 13 (5)
11 1879 (45) 984 (50) 622 (77) 110 (45)
1T 1456 (35) 630 (32) 100 (12) 82 (34)
v 582 (14) 192 (10) 3(0) 39 (16)
Japan TNM
1 249 (6) 171 (9) 83 (10) 13(5)
11 2079 (50) 1272 (64) 663 (82) 170 (70)
1T 1648 (40) 408 (21) 59 (7) 55(23)
v 190 (5) 127 (6) 3(0) 6(2)
Okuda
I 3576 (86) 1724 (87) 766 (95) 193 (79)
1I 561 (13) 254 (13) 41 (5) 51(21)
1T 29 (1) 0 1(0) 0
CS stage
1 1928 (46) 1159 (59) 698 (86) 134 (55)
II 1661 (40) 569 (29) 98 (12) 107 (44)
1T 577 (14) 250 (13) 12 (1) 3(1)
BCLC stage
0-A 1827 (44) 1136 (57) 697 (86) 186 (76)
B 1839 (44) 720 (36) 111 (14) 30 (12)
C-D 500 (12) 122 (6) 0(0) 28 (11)
JIS score
0 242 (6) 168 (8) 82 (10) 13(5)
1 2043 (49) 1242 (63) 656 (81) 169 (69)
2 1639 (39) 423 (21) 67 (8) 54 (22)
3 231 (6) 141 (7) 3(0) 8(3)
4 11 (0) 4(0) 0 0
CLIP
0 1924 (46) 1104 (56) 506 (63) 117 (48)
1-3 1902 (46) 866 (44) 302 (37) 114 (47)
4-6 340 (8) 8(0) 0 13(5)
CUPI
<1 4135 (99) 1961 (99) 808 (100) 238 (98)
2-7 29 (1) 17 (1) 0 8(2)
>8 2 (0) 0 0 0
Eastern stage
0-1 1208 (29) 956 (48) 357 (44) 53(22)
2-3 2289 (55) 852 (43) 411 (51) 190 (78)
4-8 669 (16) 170 (9) 40 (5) 1(0)
HKLC
1 1741 (42) 910 (46) 6 (1) 50 (20)
11 2246 (54) 958 (48) 579 (72) 112 (46)
111 179 (4) 110 (6) 223 (28) 82 (34)

BCLC: Barcelona Clinic Liver Cancer Staging; AJCC: American Joint Committee on Cancer; TNM: Tumor node metastasis; CLIP: Cancer of the Liver
Italian Program score; CS: Chinese Staging; UNOS: United Network for Organ Sharing; JIS: Japan Integrated Staging score; CUPI: Chinese University
Prognostic Index staging; HKLC: Hong Kong Liver Cancer Staging System.



Supplementary Table 2: Performance of different staging systems in training cohort and validation cohorts by univariate
analysis

Univariate C-index (95% CI)
analysis Cohort 1 (7 = 4166) Cohort 2 (n = 1978) Cohort 3 (7 = 808) Cohort 4 (n = 244)

0S RFS 0S RFS 0S RFS 0s RFS
Shanghai 0.74 (0.73-0.75) 0.68 (0.67-0.69) 0.72 (0.70-0.74) 0.66 (0.64—0.68) 0.70 (0.66-0.74) 0.63 (0.60-0.66) 0.70 (0.65-0.76) 0.68 (0.63-0.72)

score

BCLC 0.66 (0.65-0.68) 0.62 (0.60-0.63) 0.65 (0.63-0.67) 0.61 (0.59—0.63) 0.57 (0.53-0.61) 0.56 (0.53-0.59) 0.61 (0.56-0.66) 0.60 (0.56-0.64)
AJCC-TNM 0.66 (0.65-0.67) 0.61 (0.60-0.62) 0.66 (0.64—0.68) 0.62 (0.60-0.63) 0.60 (0.56-0.64) 0.57 (0.55-0.60) 0.60 (0.54-0.65) 0.58 (0.54-0.62)
CLIP 0.64 (0.62—-0.65) 0.60 (0.58-0.61) 0.62 (0.60-0.64) 0.58 (0.57—0.60) 0.59 (0.55-0.63) 0.56 (0.53-0.59) 0.63 (0.57-0.70) 0.65 (0.61-0.70)
Okuda 0.57 (0.56-0.58) 0.55 (0.54-0.55) 0.56 (0.54-0.57) 0.54 (0.53-0.55) 0.53 (0.50-0.55) 0.52 (0.51-0.54) 0.59 (0.54-0.64) 0.57 (0.53-0.61)

CSstage  0.66(0.65-0.68) 0.61 (0.60-0.62) 0.66 (0.64-0.68) 0.62 (0.60-0.63) 0.55 (0.52-0.58) 0.55 (0.53-0.57) 0.61 (0.55-0.66) 0.60 (0.56-0.63)
UNOS-TNM 0.66 (0.65-0.67) 0.62 (0.60-0.63) 0.67 (0.65-0.69) 0.62 (0.61-0.64) 0.57 (0.53-0.60) 0.56 (0.53-0.58) 0.64 (0.59-0.69) 0.64 (0.59-0.68)
JSscore  0.65 (0.64-0.66) 0.60 (0.59-0.61) 0.66 (0.64-0.67) 0.61 (0.60-0.63) 0.54 (0.52-0.57) 0.52 (0.50-0.54) 0.62 (0.57-0.67) 0.61 (0.57-0.65)
Japan-TNM  0.64 (0.63-0.65) 0.60 (0.59-0.61) 0.65 (0.63-0.67) 0.61 (0.59-0.62) 0.54 (0.51-0.57) 0.53 (0.51-0.55) 0.62 (0.56-0.67) 0.6 (0.57-0.65)

CUPI 0.64 (0.63-0.65) 0.59 (0.58-0.60) 0.51 (0.50-0.51) 0.50 (0.50-0.51) 0.58 (0.54-0.63) 0.57 (0.54-0.59) 0.61 (0.55-0.67) 0.61 (0.57-0.66)
Eastern stage 0.66 (0.65-0.68) 0.61 (0.60-0.63) 0.63 (0.61-0.65) 0.60 (0.59-0.62) 0.58 (0.53-0.63) 0.56 (0.53-0.59) 0.64 (0.59-0.69) 0.61 (0.57-0.65)
HKLC 0.65 (0.64-0.66) 0.61 (0.60-0.62) 0.65 (0.63—-0.67) 0.61 (0.59-0.62) 0.61 (0.57-0.65) 0.58 (0.56-0.61) 0.61 (0.56-0.67) 0.60 (0.55-0.64)

OS: Overall survival; RFS: Recurrence-free survival; BCLC: Barcelona Clinic Liver Cancer staging; AJCC: American Joint Committee on Cancer;
TNM: Tumor node metastasis; CLIP: Cancer of the Liver Italian Program score; CS: Chinese Staging; UNOS: United Network for Organ Sharing; JIS: Japan
Integrated Staging score; CUPI: Chinese University Prognostic Index staging; HKLC: Hong Kong Liver Cancer Staging System; C-index: Concordance index;
CI: Confidence interval.

Supplementary Table 3: Performance of different staging systems in training and validation datasets*

ltems Cohort 1 (n = 4166) Cohort 2 (n = 1978) Cohort 3 (n = 808) Cohort 4 (n = 244)

ALHR P AAIC ALHR P AAIC  ALHR P AAIC  ALHR P AAIC

Removing Shanghai  —272.359 <0.001 270.359 -78.960 <0.001 76.960 —32.400 <0.001 30.400 -9.937 0.001 7.937
Score

Removing BCLC —0.981 0320 -1.019 —28.185 <0.001  26.185 —0.151 0.698 —1.849 -1.454 0.224 —0.546
Removing TNM -1.277 0257  —0.723 —0.855 0.356  —1.145 —0.127 0.724 -1.873 -0.172 0.679 —1.828
Removing CLIP -0.371 0.542 -1.629 —0.125 0.723 -1.875 —0.363 0.548 -1.637 -1.116 0.291 —0.884
Removing OKUDA —0.966 0.327 -1.034 -2.071 0.145 0.071 —0.833 0374 -1.167 —0.329 0.566 —1.671
Removing C stage 0 0.989  —2.000 —20.184 <0.001 18.184 -0.202 0.657 -1.798 —0.001 0.978 —1.999
Removing UNOS —0.052 0.820 —1.948 —22.213 <0.001 20.213 —0.169 0.685 -1.831 -1.790 0.177 -0.210
Removing JIS score —1.452 0.223  —-0.548 -5.134 0.027 3.134 —0.002 0961 -1.998 —0.233 0.639 -—1.767
Removing Japan —0.906 0.337  —1.094 —4.531 0.036 2.531 —0.005 0941 -1.995 -1360 0.266 —0.640
TNM
Removing CUPI —0.103 0.749  —1.897 —0.117 0.755 —1.883 —0.008 0.929 -1.992 —0.002 0.966 —1.998
Removing Eastern —0.110 0.741  -1.890 —2.883 0.091 0.883 —2.869 0.092 0.869 —4.441 0.036 2.441
System
Removing HKLC —0.061 0.805 —1.939 —0.127 0.721 -1.873 —-1.797 0.182  —-0.203 -1.617 0.201 —0.383
*In multivariate analysis, the independent contribution of each staging system in the full model was assessed by removing the concerned system. ALHR
was calculated by frst fitting full model and then removing one concerned system, at last ALHR = LHR - LHR ; the same to AAIC.

removing model full model”

Larger drop of ALHR and increase of AIC indicate more information of the removed system. LHR: Likelihood ratio; AIC: Akaike information criterion;
BCLC: Barcelona Clinic Liver Cancer staging; AJCC: American Joint Committee on Cancer; TNM: Tumor node metastasis; CLIP: Cancer of the Liver
Italian Program score; CS: Chinese Staging; UNOS: United Network for Organ Sharing; JIS: Japan Integrated Staging score; CUPI: Chinese University
Prognostic Index Staging; HKLC: Hong Kong Liver Cancer Staging System.





