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Background: Hepatocellular carcinoma (HCC) is frequently associated with cirrhosis. The present study investigated the impact of
histological severity of cirrhosis on surgical outcomes for HCC and further developed novel nomograms to predict postoperative
recurrence and survival.

Methods: A total of 1524 consecutive patients undergoing curative hepatectomy for HCC between 1999 and 2015 were retro-
spectively studied. Cirrhotic severity was histologically staged according to the Laennec staging system. Short- and long-term
outcomes were investigated. Recurrence-free survival (RFS) and overall survival (OS) predictive nomograms were constructed
based on the results of multivariate analysis. The predictive accuracy of the nomograms was measured by the concordance index
(C-index) and calibration.

Results: Patients in the severe cirrhosis group had significantly higher morbidity and mortality rates than patients in the no, mild, and
moderate cirrhosis groups. The 5-year RFS and OS rates were 36.8% and 64.5%, respectively, in the no cirrhosis group, compared to
34.8% and 60.4% in the mild cirrhosis group, 17.3% and 43.4% in the moderate cirrhosis group, and 6.1% and 20.1% in the severe
cirrhosis group. Long-term survival outcomes were significantly worse as cirrhotic severity was increased. The C-index was 0.727 for the
RFS nomogram and 0.746 for the OS nomogram. Calibration curves showed good agreement between actual observations and nomogram
predictions. The 2 nomograms had a superior discriminatory ability to predict RFS and OS compared to other staging systems.
Conclusion: Histological severity of cirrhosis significantly affected surgical outcomes in HCC patients undergoing curative
hepatectomy. The novel nomograms, including histological severity of cirrhosis, showed an accurate prediction of postoperative
recurrence and survival.

Keywords: hepatocellular carcinoma, Laennec staging system, prognosis, nomogram, hepatectomy

Introduction
Hepatocellular carcinoma (HCC) is a common malignancy worldwide and is a leading cause of cancer-related death in
cirrhotic patients." Liver resection (LR) is the primary curative treatment for HCC. Improvements in surgical techniques,
preoperative evaluation, and perioperative management have significantly improved the perioperative outcomes of
patients after LR. Unfortunately, the HCC recurrence rate remains high.*>

Greater than 90% of HCC cases occur in the background of chronic liver disease.* Cirrhosis from any etiology,
including infection by hepatitis B virus (HBV) or hepatitis C virus (HCV), chronic alcohol consumption, non-alcoholic
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steatohepatitis, and aflatoxin, is the strongest risk factor for HCC.>® HCC and cirrhosis affect the prognosis of these
patients.”® The cirrhotic liver remnant may develop multicentric HCC recurrences after LR, and the cirrhotic background
may progress to liver-related deaths due to liver failure or complications of portal hypertension. Previous studies
indicated that cirrhosis adversely affected the long-term outcomes after LR.” However, these studies simply regarded
cirrhosis as a one-stage condition and ignored differences in its histological severity. Histologically, cirrhosis is defined as
a diffuse state in which the normal lobular architecture is replaced by abnormal nodules and fibrous septa.'® The Laennec
staging system divides cirrhosis into 3 stages (F4A, F4B, and F4C) based on the fibrous septal thickness and nodule
size.'' Histological subclassification of cirrhosis using the Laennec staging system correlates with the grade of portal
hypertension'? and the development of liver-related events, which include HCC and hepatic decompensation.'® However,
liver surgeons do not pay much attention to the histological severity of cirrhosis except to evaluate liver functional
reserve. Several recent studies demonstrated that the histological severity of cirrhosis was very useful in predicting
prognosis in HCC patients with cirrhosis after LR.'*'> However, these studies did not draw a firm conclusion due to
small sample sizes and short follow-up periods.

Nomograms derived from regression coefficients of all independent variables have been used as a straightforward tool
to predict the survival of patients with various types of malignancies.'®'® However, no predictive nomogram including
the histological severity of cirrhosis was constructed in HCC patients.

The present study emphasized the correlation between the histological severity of cirrhosis and surgical outcomes in
HCC patients after LR. We also constructed novel prognostic nomograms that integrated the histological severity of
cirrhosis and other independent risk factors to predict the possibility of tumor recurrence and survival.

Materials and Methods

Patients

The present study was performed in accordance with the ethical guidelines of the 1975 Declaration of Helsinki and
approved by the medical ethics committee of Tongji Hospital, Huazhong University of Science and Technology, China.
Written informed consent was obtained from each patient in the study for the use of his or her data in clinical research.
The clinicopathological data of consecutive patients with HCC who underwent curative LR between 1999 and 2015 were
obtained from the computerized database maintained by Tongji Hospital. Portal hypertension, as defined by the presence
of esophageal varices on endoscopy or splenomegaly with a platelet count <100x10%/L, was not a contraindication to
LR." Hospital mortality was defined as death during the postoperative hospital stay. Postoperative complications were
defined using the Dindo-Clavien classification, and major complications were defined as grade 3 and above.”’ Major
hepatectomy was defined as resection of >3 Couinaud liver segments.”'

Operative Technique

The surgeries were performed as described previously.””** Briefly, LR was performed via a right subcostal incision with
an upward midline extension and a left subcostal extension in some patients. Operative ultrasonography was used
routinely to locate the tumor and mark the transection plane. The liver was initially mobilized before hepatic parench-
ymal transection in most patients. The anterior approach with or without the hanging technique was used in the remaining
patients. Liver transection was performed using a Cavitron ultrasonic surgical aspirator (CUSA), Biclamp, Harmonic
Scalpel, or TissueLink, in addition to finger fracturing and clamp crushing. Pringle’s maneuver was only used when there
was excessive bleeding during liver transection.

Histological Subclassification of Cirrhosis

Cirrhosis was staged using the Laennec staging system.'''? Specimens were collected from the patients, and histopatho-
logical slides were prepared. Two liver pathologists who were blinded to the clinical data independently re-evaluated the
slides from each patient for this study. Any disagreement on the cirrhosis staging between the 2 pathologists was
discussed between them until a consensus was reached. The livers were histologically diagnosed as cirrhotic (F4) or non-
cirrthotic (FO-F3). The cirrhotic livers (F4) were staged by the thickness of the fibrous septa as follows: F4A, mild
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cirrhosis, definite or probable; F4B, moderate cirrhosis (at least 2 broad septa); and F4C, severe cirrhosis (at least 1 very
broad septum or many minute nodules).

Follow-Up

All patients were evaluated using serum alpha-fetoprotein (AFP), ultrasonography or computed tomography, and chest
X-ray 1 month after surgery. Patients were followed up once every 2 months for the first 2 years and once every 3 months
thereafter. Further magnetic resonance imaging, bone scans, or positron emission tomography were performed when
tumor recurrence was suspected. Patients with tumor recurrence were actively treated with repeat resection, microwave
or radiofrequency ablation, ethanol injection, transarterial chemoembolization (TACE), radiotherapy, or oral sorafenib
depending on the general condition of the patients, HCC recurrence pattern, and liver functional status. Overall survival
(OS) was calculated from the date of LR to the date of death or last follow-up. Recurrence-free survival (RFS) was
calculated from the date of LR to the date of recurrence, death, or last follow-up.

Statistical Analysis
Statistical analyses were performed using SPSS 20.0 statistical software (SPSS, Inc., Chicago, IL, USA) and R version
4.0.0 for Windows (http://www.r-project.org). Categorical variables are reported as numbers (n) and proportions (%) and

were compared using the chi-squared test with Yates’ correction or Fisher’s exact test, as appropriate. Continuous
variables are reported as medians and ranges and were compared using the Kruskal-Wallis H-test or the Mann-Whitney
U-test, as appropriate. The RFS and OS were calculated using the Kaplan-Meier method and compared using the Log
rank test. The Cox proportional hazards model was used to identify risk factors associated with RFS and OS using
univariate and multivariate analyses.

The nomograms for RFS and OS were formulated based on the results of multivariate analysis using the rms package
in R version 4.0.0. To use the nomogram, the value of an individual patient is located on each variable axis, and a line is
drawn upward to determine the number of points received for each variable value. The sum of these numbers is located
on the total points axis, and a line is drawn downward to the survival axes to determine the likelihoods of 3- and 5-year
RFS and 3- and 5-year OS. The predictive performance of the nomograms was measured using the concordance index
(C-index) and Kaplan-Meier curves of the tertiles of predictions. Performance was further evaluated using a calibration
curve that compared the nomogram-predicted survival probability with the observed Kaplan—Meier estimates of survival
probability. Internal validation was performed using bootstraps with 1000 resamples. The discriminatory powers of the
nomograms were also compared with 2 current staging systems, the American Joint Committee on Cancer (TNM)
staging system”* and the Barcelona Clinic Liver Cancer (BCLC) staging system,19 using the C-index. Based on the
constructed nomogram, each patient obtained a nomogram score for risk stratification of recurrence or postoperative
mortality. Patients were divided into 3 different risk groups using the tertiles of the nomogram scores as the cut-off
points. P <0.05 was considered statistically significant for all analyses.

Results

Baseline Characteristics

There were 1524 patients in this study. According to the Laennec staging system, 220 patients were without cirrhosis,
575 patients were diagnosed with mild cirrhosis, 597 patients had moderate cirrhosis, and the remaining 132 patients had
severe cirrhosis. The clinicopathological data of each group (no, mild, moderate, and severe cirrhosis) are shown in
Table 1. There were no significant differences in the year of hepatectomy, age, sex, serum AFP level, vascular invasion,
tumor differentiation, or proportion of patients within Milan criteria between the 4 groups (P >0.05). The no cirrhosis
group had significantly larger tumor sizes (P <0.001), a greater proportion of patients with a single tumor (P = 0.006),
and a smaller proportion of patients with positive surface antigen of HBV (HBsAg) (P <0.001) than the other 3 groups.
Compared to patients in the other 3 groups, patients in the no cirrhosis group had lower levels of alanine aminotransfer-
ase (ALT) (P = 0.004), total bilirubin (TBIL) (P < 0.001), prothrombin time (PT) (P < 0.001), and platelets (PLT)
(P <0.001), and higher levels of albumin (ALB) (P < 0.001) and a lower proportion of patients with Child-Pugh class
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Table | Baseline Characteristics

Variables Total No Cirrhosis Mild Cirrhosis | Moderate Cirrhosis | Severe Cirrhosis P
(n = 1524) (n = 220) (n = 575) (n=597) (n=132)
Year of hepatectomy, n (%) 0.465
1999-2007* 502 (32.9%) 79 (35.9%) 177 (30.8%) 199 (33.3%) 47 (35.6%)
2008-2015° 1022 (67.1%) 141 (64.1%) 398 (69.2%) 398 (66.7%) 85 (64.4%)
Age, years 48 (12-86) 48 (19-79) 48 (12-82) 48 (14-86) 49 (22-71) 0.777
Sex, n (%) 0.083
Male 1347 (88.4%) 190 (86.4%) 507 (88.2%) 540 (90.5%) 110 (83.3%)
Female 177 (11.6%) 30 (13.6%) 68 (11.8%) 57 (9.5%) 22 (16.7%)
HBsAg, n (%) <0.001
Positive 1367 (89.7%) 178 (80.9%) 517 (89.9%) 557 (93.3%) 117 (87.1%)
Negative 157 (10.3%) 42 (19.1%) 58 (10.1%) 40 (6.7%) 17 (12.9%)
Portal hypertension, n (%) <0.001
Present 374 (24.5%) 0 (0%) 68 (11.8%) 204 (34.2%) 102 (77.3%)
Absent 1150 (75.5%) 220 (100%) 507 (88.2%) 393 (65.8%) 30 (22.7%)
ALT, U/L 36.0 (4.0-381.0) | 33.5(4.0-311.0) | 35.0 (5.0-344.0) 37.0 (8.0-381.0) 42.0 (10.0-359.0) 0.004
TBIL, umol/L 13.1 (2.0-172.9) 11.9 (3.5-38.6) 12.5 (2.0-61.8) 13.6 (2.6-59.3) 16.3 (5.6-172.9) <0.001
ALB, g/L 40.0 (21.9-53.9) | 41.2 (21.9-53.9) | 40.6 (24.9-53.6) 39.3 (25.7-52.2) 374 (22.3-51.0) <0.001
PT, seconds 12.2 (8.7-22.8) 12.0 (9.6-15.2) 11.9 (8.7-17.0) 12.4 (8.8-22.8) 12.7 (9.4-17.3) <0.001
PLT, 10°/L 140 (16-608) 175 (61-512) 158 (23471) 130 (16-608) 76 (24-384) <0.001
Child-Pugh class, n (%) <0.001
A 1451 (95.2%) 220 (100%) 572 (99.5%) 568 (95.1%) 91 (68.9%)
B 73 (4.8%) 0 (0%) 3 (0.5%) 29 (4.9%) 41 (31.1%)
AFP, n (%) 0.167
<400 ng/mL 886 (58.1%) 142 (64.5%) 323 (56.2%) 348 (58.3%) 73 (55.3%)
>400 ng/mL 638 (41.9%) 78 (35.5%) 252 (43.8%) 249 (41.7%) 59 (44.7%)
Tumor number, n (%) 0.006
Single 1172 (76.9%) 188 (85.5%) 444 (77.2%) 444 (74.4%) 96 (72.7%)
Multiple 352 (23.1%) 32 (14.5%) 131 (22.8%) 153 (25.6%) 36 (27.3%)
Tumor size, cm 5.4 (1.0-28.7) 6.1 (1.2-28.7) 5.8 (1.0-27.5) 5.0 (1.0-28.0) 5.0 (1.6-20.0) <0.001
Vascular invasion, n (%) 0.161
No 1127 (74.0%) 159 (72.3%) 439 (76.3%) 438 (73.4%) 91 (68.9%)
Microscopic invasion 190 (12.5%) 34 (15.5%) 71 (12.3%) 69 (11.6%) 16 (12.1%)
Macroscopic invasion 207 (13.6%) 27 (12.3%) 65 (11.3%) 90 (15.1%) 25 (18.9%)
Tumor differentiation, n (%) 0.113
Well 281 (18.4%) 51 (23.2%) 112 (19.5%) 94 (15.7%) 24 (18.2%)
Moderate 815 (53.5%) 110 (50.0%) 313 (54.4%) 316 (52.9%) 76 (57.6%)
Poor 428 (28.1%) 59 (26.8%) 150 (26.1%) 187 (31.3%) 32 (24.2%)
Within Milan criteria, n (%) 0.465
Yes 576 (37.8%) 76 (34.5%) 211 (36.7%) 239 (40.0%) 50 (37.9%)
No 948 (62.2%) 144 (65.5%) 364 (63.3%) 358 (60.0%) 82 (62.1%)

Notes: *Including patients who underwent hepatectomy during the year between 1999 and 2007. ®Including patients who underwent hepatectomy during the year between
2008 and 2015.
Abbreviations: ALT, alanine aminotransferase; TBIL, total bilirubin; ALB, albumin; PT, prothrombin time; PLT, platelet count; AFP, alpha-fetoprotein.

A liver function (P < 0.001). The frequencies of patients with portal hypertension in the mild, moderate, and severe
cirrhosis groups were 11.8%, 34.2%, and 77.3%, respectively. An increased frequency of portal hypertension was
observed as the histological severity of cirrhosis was increased (P < 0.001).

Perioperative Outcomes
The detailed perioperative data are summarized in Table 2. The proportion of major hepatectomy in the no cirrhosis
group was higher than the other 3 groups (P = 0.011). In contrast, patients in the severe cirrhosis group had significantly
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Table 2 Correlation Between Histological Severity of Cirrhosis and Perioperative Outcomes

Variables Total No Mild Moderate Severe P

(n = 1524) Cirrhosis Cirrhosis Cirrhosis Cirrhosis
(n = 220) (n = 575) (n =597) (n=132)

Extent of hepatectomy, n (%) 0.011
Minor 1213 (79.6%) | 167 (75.9%) 441 (76.7%) 491 (82.2%) 114 (86.4%)
Major 311 (20.4%) 53 (24.1%) 134 (23.3%) 106 (17.8%) 18 (13.6%)

Intraoperative blood loss, mL 0.361
<1000 mL 1339 (87.9%) | 199 (90.5%) 501 (87.1%) 528 (88.4%) 111 (84.1%)
21000 mL 185 (12.1%) 21 (9.5%) 74 (12.9%) 69 (11.6%) 21 (15.9%)

Intraoperative blood transfusion, n (%) 367 (24.1%) 52 (23.6%) 129 (22.4%) 134 (22.4%) 52 (39.4%) <0.001

Major complications, n (%) 364 (23.9%) 30 (13.6%) 118 (20.5%) 154 (25.8%) 62 (47.0%) <0.001

Hospital mortality, n (%) 12 (0.8%) 0 (0%) 2 (0.3%) 2 (0.3%) 8 (6.1%) <0.001

higher transfusion rates (P <0.001), higher major complication rates (P <0.001), and higher postoperative mortality rates
(P <0.001) than patients in the other 3 groups. Compared with the other 3 groups, the proportion of patients with
intraoperative blood loss >1000 mL was also higher in the severe group, but significant differences were not demon-
strated (P = 0.361).

Long-Term Outcomes

For all patients, the 1-, 3-, 5-, 7-, and 10-year RFS rates were 53.6%, 36.3%, 26.6%, 22.1%, and 16.0%, respectively. The
corresponding OS rates were 80.7%, 62.5%, 51.8%, 40.5%, and 31.6%, respectively (Figure 1A and B). After patients
were stratified by the histological severity of cirrhosis, the 5-year RFS and OS rates were 36.8% and 64.5%, respectively,
in the no cirrhosis group, 34.8% and 60.4% in the mild cirrhosis group, 17.3% and 43.4% in the moderate cirrhosis
group, and 6.1% and 20.1% in the severe cirrhosis group, respectively (Figure 1C and D). The RFS and OS rates did not
differ significantly between the no and mild cirrhosis groups (P = 0.447 and 0.355, respectively), but patients in the mild
cirrhosis group had significantly better RFS and OS rates than patients in the moderate and severe cirrhosis groups
(P <0.001). Patients in the moderate cirrhosis group had significantly better RFS and OS rates than patients in the severe
cirrhosis group (P <0.001).

The 5-year RFS rates in patients without portal hypertension were 36.8%, 38.5%, 21.9%, and 8.7% in the no, mild,
moderate, and severe cirrhosis groups, respectively (Figure 2A). The 5-year OS rates were 64.5%, 64.7%, 42.9%, and
23.1% in the no, mild, moderate, and severe cirrhosis groups, respectively (Figure 2B). Patients in the no and mild
cirrhosis groups had significantly better RFS and OS rates than patients in the moderate and severe cirrhosis groups
(P <0.01). However, no significant differences were observed in the RFS and OS rates between the moderate and severe
cirrhosis groups (P = 0.484 and 0.179, respectively) or between the no and mild cirrhosis groups (P = 0.974 and 0.911,
respectively). The 5-year RFS rates in patients with portal hypertension were 10.4%, 10.1%, and 5.0% in the mild,
moderate, and severe cirrhosis groups, respectively (Figure 2C). The 5-year OS rates were 31.0%, 44.0%, and 17.6% in
the mild, moderate, and severe cirrhosis groups, respectively (Figure 2D). Patients in the severe cirrhosis group had
significantly worse RFS and OS rates than patients in the mild and moderate cirrhosis groups (P <0.01). However, no
significant differences were observed in the RFS and OS rates between the mild and moderate cirrhosis groups (P =
0.232 and 0.480, respectively).

The 5-year RFS rates in patients without portal hypertension and with tumors within the Milan criteria were 63.7%,
58.9%, 36.5%, and 16.7% in the no, mild, moderate, and severe cirrhosis groups, respectively (Figure 3A). The 5-year
OS rates were 79.1%, 83.3%, 52.6%, and 33.3% in the no, mild, moderate, and severe cirrhosis groups, respectively
(Figure 3B). Patients in the no and mild cirrhosis groups had significantly better RFS and OS rates than patients in the
moderate and severe cirrhosis groups (P <0.05). However, no significant differences were observed in the RFS and OS
rates between the no and mild cirrhosis groups (Ps = 0.651 and 0.749, respectively) or between the moderate and severe
cirrhosis groups (Ps = 0.829 and 0.311, respectively). The 5-year RFS rates in patients with portal hypertension and with
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Figure | Kaplan—Meier survival curves in the entire cohort (A and B) and groups stratified by the histological severity of cirrhosis (C and D). (A and C) RFS curves. (B and
D) OS curves.

Abbreviations: RFS, recurrence-free survival; OS, overall survival.

tumors within the Milan criteria were 17.0%, 16.5%, and 8.0% in the mild, moderate, and severe cirrhosis groups,
respectively (Figure 3C). The 5-year OS rates were 44.4%, 48.9%, and 25.1% in the mild, moderate, and severe cirrhosis
groups, respectively (Figure 3D). Patients in the mild and moderate cirrhosis groups had significantly better RFS and OS
rates than patients in the severe cirrhosis group (P <0.05). However, no significant differences were observed in the RFS
and OS rates between the mild and moderate cirrhosis groups (Ps = 0.619 and 0.796, respectively).

Prognostic Factors for RFS and OS

To identify independent prognostic factors for RFS and OS, Cox univariate and multivariate regression analyses were
performed. The variables selected included the year of hepatectomy, age, sex, HBsAg, portal hypertension, Child-Pugh
class, histological severity of cirrhosis, ALT level, ALB level, TBIL level, PT, AFP level, tumor number, tumor size,
vascular invasion, tumor differentiation, extent of hepatectomy, and intraoperative blood transfusion (Table 3).
Significant risk factors (P <0.05) identified by univariate analysis were entered into the Cox multivariate analysis. The
results showed that HBsAg, portal hypertension, histological severity of cirrhosis, AFP level, tumor number, tumor size,

vascular invasion, tumor differentiation, and intraoperative blood transfusion were independent risk factors associated
with RFS and OS (Table 4).
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Figure 2 Kaplan—Meier survival curves in the groups stratified by the histological severity of cirrhosis in patients without (A and B) and with (C and D) portal hypertension.
(A and C) RFS curves. (B and D) OS curves.

Abbreviations: RFS, recurrence-free survival; OS, overall survival.

Construction and Validation of the Histological Severity of Cirrhosis-Based
Nomograms for RFS and OS

We used these 9 independent prognostic factors to construct predictive RFS (Figure 4A) and OS nomograms (Figure 4B). The
C-indexes of the RFS and OS nomograms were 0.727 (95% CI, 0.711-0.743) and 0.746 (95% CI, 0.726-0.766), respectively,
with 1000 cycles of bootstrapping. Calibration curves based on the independent prognostic factors are shown in Figure 5.

There was good agreement between the actual observations and nomogram-predicted probabilities for 3- and 5-year RFS and
3- and 5-year OS.

Comparison of Predictive Powers of Nomograms with Conventional Staging Systems
The discriminatory powers of the RFS- and OS-nomograms were compared with TNM stage and BCLC stage. Our
nomograms showed better discriminatory powers in predicting postoperative RFS and OS than the competing models.
The C-index of the RFS nomogram (0.727) was significantly higher than TNM and BCLC staging (0.643 for TNM stage
and 0.633 for BCLC stage, P <0.001 for all). The C-index of the OS nomogram (0.746) was significantly higher than the
TNM stage and BCLC stage (0.66 for TNM stage and 0.648 for BCLC stage, P <0.001 for all).
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Figure 3 Kaplan—Meier survival curves in the groups stratified by the histological severity of cirrhosis in patients with tumors within Milan criteria and without (A and B)
and with (C and D) portal hypertension. (A and C) RFS curves. (B and D) OS curves.
Abbreviations: RFS, recurrence-free survival; OS, overall survival.

Performance of Nomograms in Stratifying Patient Risk

Based on the tertiles of RFS nomogram scores, patients were classified into low-, intermediate-, and high-risk groups of
recurrence. The 5-year RFS rates of these 3 groups were 48.1%, 21.7%, and 8.4%, respectively (P <0.001; Figure 6A).
According to the tertiles of OS nomogram scores, patients were also stratified into low-, intermediate-, and high-risk

postoperative mortality groups. The 5-year OS rates of these 3 groups were 74.2%, 48.9%, and 24.8%, respectively
(P <0.001; Figure 6B).

Discussion
Our study analyzed the long-term outcomes of 1524 patients with HCC who underwent curative LR in a single center
over 17 years. The key findings were that the RFS and OS rates decreased significantly with increasing histological
severity of cirrhosis, and multivariate analysis identified histological severity of cirrhosis as an independent adverse
prognostic factor of RFS and OS. The underlying mechanisms of tumor recurrence in patients with a cirrhotic liver are
not clear. Previous studies suggested that the enhanced aberrant microenvironment in cirrhotic livers, which is char-
acterized by abundant stroma, carcinoma-associated fibroblasts, and altered expression of tumor suppressor genes, played
key roles in liver carcinogenesis.>>*® Hoshida et al*’ reported that gene expression profiles in the surrounding liver
tissues, rather than the tumor itself, correlated with the risk of late HCC recurrence after LR, which emphasizes the
significance of evaluating the characteristics of the remnant liver.

Our study also showed that patients who had no portal hypertension, tumors within the Milan criteria and who did not
have cirrhosis had a 5-year OS rate of 79.1%. The corresponding figures for patients who had mild cirrhosis were 83.3%,
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Table 3 Univariate Analysis of Risk Factors for Recurrence-Free and Overall Survival

Variables Recurrence-Free Survival Overall Survival
HR (95% CI) P HR (95% CI) P

Year of hepatectomy

1999-2007° vs 2008-2015° 0.925 (0.813—-1.053) 0.239 1.008 (0.847-1.199) 0.931
Age, years

>60 vs <60 0.850 (0.707—1.023) 0.085 1.047 (0.834-1.315) 0.691
Sex

Male vs female 1.149 (0.942-1.401) 0.171 0.986 (0.773—1.258) 0.908
HBsAg

Positive vs negative 1.321 (1.072-1.627) 0.009 1.341 (1.026-1.752) 0.031
Portal hypertension

Present vs absent 1.602 (1.399-1.834) <0.001 1.869 (1.576-2.218) <0.001
Child-Pugh class

Bvs A 1.265 (0.961—1.664) 0.093 1.647 (1.185-2.288) 0.003
Histological severity of cirrhosis

Mild cirrhosis vs no cirrhosis 1.083 (0.886—1.323) 0.437 1.149 (0.873-1.513) 0.321

Moderate cirrhosis vs no cirrhosis 1.564 (1.285-1.904) <0.001 1.803 (1.381-2.353) <0.001

Severe cirrhosis vs no cirrhosis 2.603 (2.017-3.360) <0.001 3.559 (2.556—4.956) <0.001
ALT, U/L

>40 vs <40 1.147 (1.013-1.298) 0.031 1.005 (0.854-1.184) 0.948
TBIL, pmol/L

>20 vs <20 1.056 (0.899-1.241) 0.508 1.288 (1.057-1.571) 0.012
ALB, g/L

<35 vs 235 1.284 (1.082-1.524) 0.004 1.468 (1.177-1.831) 0.001
PT, seconds

>14 vs <14 1.106 (0.913-1.340) 0.305 1.272 (1.001-1.617) 0.049
AFP, ng/mL

>400 vs <400 1.758 (1.554-1.989) <0.001 1.763 (1.502-2.070) <0.001
Tumor number

Multiple vs single 2.041 (1.779-2.341) <0.001 1.964 (1.644-2.347) <0.001
Tumor size, cm

>5 vs <5 2.035 (1.793-2.310) <0.001 1.887 (1.602-2.221) <0.001
Vascular invasion

Microvascular invasion vs no 1.179 (0.971-1.433) 0.097 1.351 (1.051-1.738) 0.019

Macrovascular invasion vs no 3.092 (2.619-3.650) <0.001 3.554 (2.896-4.361) <0.001
Tumor differentiation

Moderate vs well 1.915 (1.591-2.304) <0.001 2.051 (1.599-2.631) <0.001

Poor vs well 2.557 (2.091-3.126) <0.001 2.946 (2.252-3.855) <0.001
Extent of hepatectomy

Major vs minor 1.886 (1.633-2.178) <0.001 1.788 (1.480-2.159) <0.001
Intraoperative blood transfusion

Yes vs no 1.711 (1.492-1.962) <0.001 1.879 (1.576-2.240) <0.001

Notes: “Including patients who underwent hepatectomy during the year between 1999 and 2007. °Including patients who underwent hepatectomy

during the year between 2008 and 2015.

Abbreviations: ALT, alanine aminotransferase; TBIL, total bilirubin; ALB, albumin; PT, prothrombin time; AFP, alpha-fetoprotein; HR, hazard ratio; Cl,

confidence interval.

moderate cirrhosis 52.6%, and severe cirrhosis 33.3%. The long-term survival outcomes of patients without cirrhosis and
with mild cirrhosis after LR were comparable to patients after liver transplantation (LT) for HCC within the Milan
criteria, as reported in other studies.”®*’ However, the long-term survival outcomes of patients with moderate and severe
cirrhosis after LR were worse than patients after LT. This result reflects the fact that underlying liver disease is an
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Table 4 Independent Prognostic Factors for Recurrence-Free and Overall Survival Using Multivariate Analysis

Variables Recurrence-Free Survival Overall Survival
HR (95% CI) P HR (95% CI) P

HBsAg

Positive vs negative 1.292 (1.044-1.598) 0.018 1.409 (1.070-1.857) 0.015
Portal hypertension

Present vs absent 1.438 (1.226-1.687) <0.001 1.562 (1.276-1.912) <0.001
Histological severity of cirrhosis

Mild cirrhosis vs no cirrhosis 1.027 (0.838-1.258) 0.796 1.093 (0.827-1.445) 0.543

Moderate cirrhosis vs no 1.338 (1.085-1.649) 0.006 1.434 (1.079-1.907) 0.013
cirrhosis

Severe cirrhosis vs no cirrhosis 1.982 (1.490-2.636) <0.001 2.358 (1.617-3.439) <0.001
AFP, ng/mL

>400 vs <400 1.348 (1.185-1.532) <0.001 1.387 (1.176—1.636) <0.001
Tumor number

Multiple vs single 1.704 (1.478-1.963) <0.001 1.680 (1.396-2.023) <0.001
Tumor size, cm

>5 vs <5 1.575 (1.365-1.817) <0.001 1.398 (1.157-1.690) 0.001
Vascular invasion

Microvascular invasion vs no 1.156 (0.947-1.413) 0.155 1.429 (1.103-1.849) 0.007

Macrovascular invasion vs no 2.026 (1.691-2.427) <0.001 2.525 (2.003-3.181) <0.001
Tumor differentiation

Moderate vs well 1.532 (1.269-1.849) <0.001 1.682 (1.308-2.163) <0.001

Poor vs well 1.783 (1.448-2.194) <0.001 2.184 (1.658-2.877) <0.001
Intraoperative blood transfusion

Yes vs no 1.213 (1.045-1.408) 0.011 1.363 (1.121-1.657) 0.002

Abbreviations: AFP, alpha-fetoprotein; HR, hazard ratio; Cl, confidence interval.

important factor affecting long-term survival after LR, but LT can overcome it and achieve much better long-term
outcomes.

Our study showed that the histological severity of cirrhosis significantly correlated with portal hypertension. Portal
hypertension was more common in patients with severe cirrhosis. However, the signs of portal hypertension did not
accurately reflect cirrhotic severity because uncertain collateral circulation developed in some patients with severe
cirrhosis. A total of 65.8% of patients with moderate cirrhosis and 22.7% with severe cirrhosis did not present any
clinical signs of portal hypertension in our study. The 5-year OS was 57.2% in patients without portal hypertension in our
study, and it decreased to 35.0% in patients with portal hypertension. For patients without portal hypertension, patients
with mild cirrhosis had significantly better RFS and OS rates than patients with moderate or severe cirrhosis. Therefore,
the histological severity of cirrhosis was more reliable than portal hypertension in predicting prognosis after LR for HCC.

We further constructed RFS and OS nomograms to predict RFS and OS in HCC patients who underwent curative LR.
The nomograms were used as a straightforward tool to provide individualized risk evaluation for each patient. The advantage
of using nomograms is that all the variables are ordinary clinical characteristics, and no advanced mathematical calculation is
needed. The C-indexes were 0.727 and 0.746 for the nomograms to predict RFS and OS, respectively, which were
significantly higher than the TNM stage and BCLC stage. Notably, the calibration plots exhibited good agreement with
actual observations and nomogram-predicted probabilities for RFS and OS, which confirmed the predictive accuracy of these
nomograms. The high predictive accuracy of the nomograms stems from the use of comprehensive and relatively sufficient
prognostic factors associated with tumor stage, tumor invasiveness, surgical procedure, prognostic tumor biomarkers, and
underlying liver diseases. Notably, the nomogram demonstrated that vascular invasion was the largest contributor to
prognostic prediction. Vascular invasion is an expression of aggressive biological behavior by the tumor, and it is
a harbinger of systemic metastatic spread.*® The presence of vascular invasion is a critical determinant of HCC recurrence
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and prognosis according to the results of multiple retrospective studies,”* >

and it is one of the most important parts of an

established staging system.™ Past studies suggested that HCC recurrence after curative hepatectomy primarily correlated

with 2 leading causes, multicentric occurrence (MO) and intrahepatic metastasis (IM).

MO is primarily associated with

hepatitis virus-related cirrhosis, and IM is primarily a tumor that spreads via vascular invasion.**>® Therefore, the
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nomograms constructed in the present study had unique features that included tumor-related characteristics and the
histological severity of cirrhosis. The proposed nomograms clearly stratified patients into 3 distinct prognostic groups
with significant differences in recurrence and mortality. Therefore, these nomograms may help surgeons create closer
surveillance plans and design therapeutic clinical trials for HCC patients with a high risk of recurrence.

The present study has several limitations. First, this study was a retrospective study from a single center, and selection
biases were unavoidable. Second, our results showed that the histological severity of cirrhosis was important for surgical
decision-making, but a preoperative liver biopsy is invasive and not accepted as a routine clinical practice. Third, most
patients in our study had HBV-related hepatitis, and the results may not be applicable to other etiologies of HCC. Fourth,
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antiviral treatments for HBV after LR may decrease the risk of HCC recurrence and cirrhosis progression that could not
be histologically evaluated. Fifth, we only used our population to construct 2 nomograms, and our findings were not
verified in a validation cohort. Therefore, the reliability of the 2 nomograms must be further confirmed using multicenter
and prospective validation in patients with different etiologies of HCC.

Conclusions

The histological severity of cirrhosis significantly influenced postoperative complications, tumor recurrence, and OS
in HCC patients who underwent curative LR. We developed 2 nomograms that accurately and objectively predicted
RFS and OS in patients with HCC after curative hepatectomy. The combined application of these predictive models
provided an accurate individualized estimation of tumor recurrence and postoperative survival and will help surgeons
adopt a close surveillance plan and postoperative adjuvant therapy for patients with a high risk of tumor recurrence.

Abbreviations

HCC, hepatocellular carcinoma; LR, liver resection; HBV, hepatitis B virus; HCV, hepatitis C virus; POD, post-
operative day; AFP, alpha-fetoprotein; TACE, transarterial chemoembolization; OS, overall survival; RFS, recurrence-
free survival, HR, hazard ratio; CI, confidence interval; C-index, concordance index; BCLC, Barcelona Clinic Liver
Cancer; ALT, alanine transaminase; ALB, albumin; TBIL, total bilirubin; PT, prothrombin time; PLT, platelet count; LT,
liver transplantation.
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