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Abstract
Background  Liver resection for hepatocellular carcinoma (HCC) patients with portal vein tumor thrombus (PVTT) offers a 
chance of cure, although survival is often limited. The actual 3-year survival and its associated prognostic factors have not 
been reported.
Methods  A nationwide database of HCC patients with PVTT who underwent liver resection with ‘curative’ intent was 
analyzed. The clinicopathologic characteristics, the perioperative, and survival outcomes for the actual long-term survivors 
were compared with the non-long-term survivors (patients who died within 3 years of surgery). Univariable and multivariable 
regression analyses were performed to identify predictive factors associated with long-term survival outcomes.
Results  The study included 1590 patients with an actuarial 3-year survival of 16.6%, while the actual 3-year survival rate was 
11.7%. There were 171 patients who survived for at least 3 years after surgery and 1290 who died within 3 years of surgery. 
Multivariable regression analysis revealed that total bilirubin > 17.1 μmol/l, AFP > 400 ng/ml, types of hepatectomy, extent 
of PVTT, intraoperative blood loss > 400 ml, tumor diameter > 5 cm, tumor encapsulation, R0 resection, liver cirrhosis, 
adjuvant TACE, postoperative early recurrence (< 1 year), and recurrence treatments were independent prognostic factors 
associated with actual long-term survival.
Conclusion  One in nine HCC patients with PVTT reached the long-term survival milestone of 3 years after resection. Major 
hepatectomy, controlling intraoperative blood loss, R0 resection, adjuvant TACE, and ‘curative’ treatment for initial recur-
rence should be considered for patients to achieve better long-term survival outcomes.

Keywords  Hepatocellular carcinoma · Portal vein tumor thrombus · Liver resection · Long-term survival · Adjuvant 
TACE · Recurrence · Prognosis · Nationwide study · Kaplan–Meier method · Management

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common 
cancer in the world [1]. HCC often invades into portal vein 
branches. The incidence of portal vein tumor thrombus 
(PVTT) has been shown to be 44–62.2% in HCC patients. 
PVTT represents a significant poor prognostic factor for 
HCC patients [2, 3]. The Barcelona Clinic Liver Cancer 
staging system classifies these patients to be at an advanced 
stage and recommends sorafenib as the only treatment option 
[4]. A phase III, randomized, controlled trial showed the 
median survival time (MST) of patients with advanced HCC 
treated with sorafenib was only 6.5 months [5]. Advances 
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in surgical techniques and perioperative management have 
resulted in long-term survival outcomes in selected HCC 
patients with PVTT who underwent aggressive surgical 
treatment [6–8].

The reported actuarial 3-year survival and MST after liver 
resection (LR) ranged widely from 0 to 60.4% and from 
8 to 22 months, respectively [9–11]. The ‘3-year survival’ 
was defined as ‘long-term survival’ in this study because of 
the relatively poor prognosis in HCC patients with PVTT. 
The great variability in the long-term survival outcomes 
can be attributed to differences in patient selection, surgical 
techniques, and whether multidisciplinary treatments were 
used. The survival outcomes presented in all the studies 
were actuarial survival based on the Kaplan–Meier method 
which often overestimates the actual long-term survival. 
Moreover, most studies put little emphasis to find out the 
prognostic factors for long-term survival.

The actual 3-year survival and its associated factors for 
long-term survival have not been reported. This is a nation-
wide study based on the multicenter data of the Chinese 
Liver Cancer with Portal Vein Thrombus Consortium on 
HCC patients with PVTT who underwent liver resection 
with ‘curative intent.’ The preoperative, intraoperative, and 
postoperative clinicopathological variables which were 
associated with long-term survival outcomes were ana-
lyzed. The aim was to establish prognostic factors with the 
goal to achieve better long-term survival outcomes for HCC 
patients with PVTT using liver resection as the mainstay of 
treatment.

Materials and method

Diagnostic criteria for PVTT

All HCC patients with PVTT were diagnosed based on typi-
cal preoperative radiological features on imaging studies, 
which included ultrasound, Doppler ultrasound, computed 
tomography (CT), and magnetic resonance imaging (MRI), 
and finally confirmed by intraoperative and postoperative 
histopathology examinations. The Cheng’s classification [6, 
12] classifies PVTT into four types according to the extent 
of PVTT in the portal vein: type I, tumor thrombus involv-
ing the segmental branches of the portal vein or above; type 
II, tumor thrombus involving the right/left portal vein; type 
III, tumor thrombus involving the main portal vein; and type 
IV, tumor thrombus extending to involve the superior mes-
enteric vein.

Study population

This study included patients who underwent liver resection 
with ‘curative-intent’ for HCC patients with PVTT between 

January 2003 and December 2012 at the Eastern Hepatobil-
iary Surgery Hospital, the Sun Yat-sen University Cancer 
Centre, the Affiliated Tumor Hospital of Guangxi Medical 
University, the West China Hospital, the Affiliated Provin-
cial Hospital of Anhui Medical University, Fujian Provincial 
Cancer Hospital, Xinqiao Hospital, the Affiliated Southern 
Hospital of Southern Medical University, the Foshan First 
People’s Hospital, the Inner Mongolia People’s Hospital, 
the No. 940 Hospital of Joint Logistics Support Force, the 
Shanghai Public Health Center, the Sichuan Provincial Peo-
ple’s Hospital, the First People’s Hospital of Xuzhou, the 
Wenzhou People’s Hospital, the General Hospital of North-
ern War Zone, the Second Affiliated Hospital of Wenzhou 
Medical University, the Affiliated Hospital of Binzhou 
Medical College, and the LongYan First Hospital Affili-
ated to Fujian Medical University. This study was censored 
on December 30, 2018. This study was approved by the 
institutional ethics committee of all the included hospitals. 
Written informed consent was obtained from all the patients 
for their data to be used for research purposes. The patients 
were divided into two groups: the actual ‘long-term survi-
vor group’ included only patients who survived for ≥ 3 years 
after liver resection, and the ‘non-long-term survivor group’ 
comprised of those who died within 3 years of surgery. The 
terms ‘3-year survivors’ and ‘long-term survivors’ were used 
interchangeably.

The inclusion criteria were: (1) type I, II, and III PVTT; 
(2) PVTT after LR with Child–Pugh class A or selected 
B liver function (score ≤ 7); (3) absence of macroscopic 
hepatic vein tumor thrombus and bile duct tumor thrombus, 
extrahepatic spread and distant metastases; (4) no previ-
ous anticancer treatment before LR. Patients with less than 
3 years of follow-up but were alive at the last encounter were 
excluded from the study.

Surgical procedures

The surgical procedures have been described in previous 
reports [13]. Liver resection was performed through a right 
subcostal incision with a midline extension. Intraoperative 
ultrasound was routinely used. The abdominal cavity was 
carefully searched for extent of local disease, extrahepatic 
metastases, and peritoneal seedings. The blood inflow of 
the liver was occluded using the Pringle’s maneuver using 
clamp/unclamp cycles of 15/5 min. Liver resection was car-
ried out by the clamp crushing method.

Thrombectomy was performed according to the loca-
tion and extent of PVTT. For patients with PVTT located 
within the resected region, the PVTT was resected en bloc 
with the tumor. For patients with PVTT protruded into the 
main portal vein beyond the resection plane, the PVTT was 
extracted from the opened stump of the portal vein. For 
patients with PVTT extended into the main portal vein and 
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both its primary branches, the main portal vein was exposed 
and was clamped distal to the PVTT. The portal vein was 
incised at the bifurcation of the right and left portal veins, 
and the PVTT was extracted. After flushing with normal 
saline and confirming that no PVTT remained, the stump 
was closed by a continuous suture.

Postoperative adjuvant TACE procedures

One month after the operation, all patients underwent a 
comprehensive evaluation of liver function. After excluding 
patients who were not suitable for adjuvant TACE, remain-
ing patients were recommended TACE due to preoperative 
PVTT. Whether the patients followed the physician’s recom-
mendation mainly depended on their socioeconomic status 
and compliance with the doctors.

TACE was performed using the Seldinger method for 
the entire remnant liver. Hepatic angiography, computed 
tomography angiography, or both were performed to detect 
any obvious tumor stains in the remnant liver. If no tumor 
stain was found, an emulsion of doxorubicin hydrochloride 
(10 mg), pirarubicin (THP) or pharmorubicin (20–40 mg), 
and lipiodol (5–10 ml) was infused through the right and 
left hepatic arteries. The dosage of lipiodol and doxorubicin 
was determined by body surface area and the underlying 
liver function.

Data collection

The standard demographics, preoperative, operative, patho-
logic characteristics, and postoperative data were retrospec-
tively reviewed. The demographic data included age, sex, 
anti-viral treatment, and comorbidity. The operative details 
included the types of hepatectomy (major vs. minor hepatec-
tomy, and major hepatectomy was defined as ≥ 3 Couinaud 
segments), anatomical resection, lymph node invasion, and 
intraoperative blood transfusion and blood loss. Anatomical 
resections were defined using the Brisbane 2000 Nomencla-
ture of Liver Anatomy and Resections [14]. The pathological 
data included tumor diameter, tumor number, satellite nod-
ules, differentiation, cirrhosis, and resection margin status. 
The presence of microscopic tumor cells at the resection 
margin was considered as R1 resection. The postoperative 
data included major complications and adjuvant TACE. 
Postoperative major complications were evaluated using the 
modified Clavien–Dindo classification of surgical complica-
tions [15]. The site of recurrence, time to recurrence, and 
treatment of recurrence were also documented. The treat-
ment options after recurrence included potentially curative 
treatments, such as a second liver resection, and non-cura-
tive treatments included transarterial chemoembolization 
(TACE), sorafenib, radiotherapy, and supportive treatment.

Statistical analysis

The overall survival (OS) was calculated from the date of 
surgery to the date of death or last follow-up. The recur-
rence-free survival (RFS) was calculated from the date 
of surgery to the date of recurrence, death, or last follow-
up. The post-recurrence survival (PFS) was defined to be 
between the date of recurrence to the date of death or last 
follow-up. Continuous variables were reported as medians 
with interquartile range (IQR) and compared using the Stu-
dent’s t test or the Mann–Whitney test. Categorical data were 
presented as frequencies (%) and compared using the Chi-
square test or Fisher’s exact test. Univariable and multivari-
able logistic regression analyses were performed to iden-
tify the associations between potentially important clinical 
factors and the actual 3-year survival after liver resection. 
Kaplan–Meier curves were generated for OS, RFS, and PFS. 
Differences were considered statistically significant if the 
p value was lower than 0.05. Statistical analyses were per-
formed using the SPSS software version 25.0 (SPSS, Chi-
cago, IL, USA).

Results

Study population

Of the 1590 patients who were included in the study, 129 
patients were excluded because they had less than 3 years 
of follow-up but were still alive at the last encounter after 
liver resection. There were 171 patients who survived 
for ≥ 3 years (11.7%, the long-term survivor group) and 1290 
who died within 3 years of surgery (88.3%, the non-long-
term survivor group). The actuarial 3-year OS for the entire 
cohort was 16.6% (Fig. 1a), while the actual 3-year survival 
rate was 11.7%. The actuarial 3-year disease-free survival 
for the entire cohort was 12.5% (Fig. 1b).

Clinical demographics and preoperative data

The patient demographics and comorbidities were com-
parable between the two groups (Table 1). The incidence 
of anti-viral treatment was similar between the long-term 
survivor and non-long-term survivor groups (7.6% vs. 
8.4%, p = 0.731). The percentages of HBeAg positivity and 
TBIL > 17.1 μmol/l were significantly higher in the non-
long-term survivor group than the long-term survivor group 
(28.4% vs. 19.9%, p = 0.019; 36.4% vs. 26.3%, p = 0.009, 
respectively). In addition, there was a significant differ-
ence in the level of AFP between the two groups of patients 
(p = 0.001). No significant differences were found in the lev-
els of HBV-DNA, ALB, ALT, AST, blood glucose, platelet 
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count, and esophageal and gastric varices between the two 
groups of patients.

Operative and pathologic data

The data on the operative management are shown in Table 1. 
The percentages of anatomical resection, ascites, lymph 
node invasion, intraoperative chemotherapy, and intraop-
erative blood transfusion were comparable between the 
two groups. Significantly more of the long-term survivors 
underwent major hepatectomy (59.6% vs. 46.0%, p = 0.001). 
There were higher rates of type I and II PVTT in the long-
term survivors group than the non-long-term survivor 
group (p = 0.001). Intraoperative blood loss > 400 ml was 
more commonly encountered in the non-long-term survivor 
group than the long-term survivors group (34.0% vs. 28.1%, 
p = 0.003).

The pathologic characteristics of the actual long-term sur-
vivors and non-long-term survivors are shown in Table 1. 
Significantly more of the long-term survivors underwent R0 
liver resection (91.2% vs. 77.9%, p < 0.001). Poor prognostic 
factors, including tumor diameter > 5 cm, satellite nodules, 
absence of tumor encapsulation, and liver cirrhosis, were 
more commonly encountered in the non-long-term survival 
group than the long-term survivor group. There were no 
significant differences in tumor numbers and tumor differ-
entiation between the two groups.

Postoperative outcomes and recurrence 
characteristics

The rates of major complication were comparable between 
the two groups (Table 1). However, almost half of the long-
term survivors underwent postoperative adjuvant TACE, 
which was significantly higher than the 32.8% of non-long-
term survivors who underwent adjuvant therapy (p < 0.001).

The details of tumor recurrence in the two groups 
are shown in Table  2. The long-term survivors had 

significantly lower cumulative overall recurrence (56.7% 
vs. 70.5%, p < 0.001) and early recurrence (< 1 year) rates 
(26.3% vs. 41.9%, p < 0.001). The majority of recurrences 
occurred intrahepatically for both the long-term (n = 66, 
38.6%) and the non-long-term survivor groups (n = 516, 
40.0%). The long-term survivors had lower rates of extra-
hepatic metastases and synchronous intrahepatic and 
extrahepatic recurrences (p = 0.035 and p = 0.027). For 
treatments of the initial recurrence, the long-term survi-
vors underwent more ‘curative’ treatments for recurrence 
(30.4% vs. 21.1%, p = 0.006), whereas the non-long-term 
survivors underwent more ‘non-curative’ treatments for 
recurrence (49.4% vs. 26.3%, p < 0.001).

Multivariable analyses for independent factors 
and survivals

On multivariate analysis (Table 3), factors which were 
independently associated with actual long-term survi-
vors were TBIL > 17.1 μmol/l, AFP > 400 ng/ml, types 
of hepatectomy, types of PVTT, intraoperative blood 
loss > 400 ml, tumor diameter > 5 cm, tumor encapsula-
tion, R0 resection, liver cirrhosis, adjuvant TACE, post-
operative early recurrence (< 1 years), and recurrence 
treatments.

Kaplan–Meier curves were generated to compare the 
OS and RFS rates for the independent predictive factors. 
As shown in Fig. 2, patients with TBIL ≤ 17.1 μmol/l and 
AFP ≤ 400 ng/ml had significantly longer OS and RFS than 
their counterparts (all p < 0.001). Patients who underwent 
R0 resection and with intraoperative blood loss ≤ 400 ml 
had better OS and RFS (all p < 0.001, Fig. 3a–d). Patients 
who underwent major hepatectomy did not have signifi-
cantly better OS (p = 0.0052, Fig. 3e). However, they had 
significantly better RFS (p = 0.005, Fig. 3f). Adjuvant 
TACE was a significant predictor of OS and RFS (all 
p < 0.001, Figure S1A-B). Patients with early recurrence 

Fig. 1   Cumulative incidence of OS and RFS curves in the entire cohort
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Table 1   Clinical, operative, 
pathologic, and postoperative 
characteristics of actual long-
term survivors and non-long-
term survivors

Variables (n = 1461) Non-long-term survivors 
(N = 1290)

Long-term survivors 
(N = 171)

p value

Demographic and history
 Age, median (IQR), year 49.0 (41.0–59.0) 50.0 (43.0–58.0) 0.158
 Sex 0.159
  Male 1155 (89.5%) 159 (93.0%)
  Female 135 (10.5%) 12 (7.0%)

 Diabetes mellitus, yes 51 (4.0%) 6 (3.5%) 0.778
 Hypertension, yes 78 (6.0%) 15 (8.8%) 0.170
 Etiology, HBV, yes 894 (69.3%) 129 (75.4%) 0.100
 Anti-viral treatment, yes 108 (8.4%) 13 (7.6%) 0.731

Preoperative data
 HBeAg, positive 366 (28.4%) 34 (19.9%) 0.019
 HBeAb, positive 993 (77.0%) 138 (80.7%) 0.274
 HBV-DNA > 104 copies/mL 345 (26.7%) 36 (21.1%) 0.111
 TBIL > 17.1 umol/l 470 (36.4%) 45 (26.3%) 0.009
 ALB < 34 g/L 36 (2.8%) 6 (3.5%) 0.597
 ALT > 44 U/L 666 (51.6%) 90 (52.6%) 0.805
 AST > 40 U/L 846 (65.6%) 111 (64.9%) 0.863
 Blood glucose > 7 mmol/L 78 (6.0%) 6 (3.5%) 0.180
 PT > 13 s 306 (23.7%) 45 (26.3%) 0.455
 WBC count < 4000/μL 216 (16.7%) 30 (17.5%) 0.793
 Hemoglobin level > 160 g/L 165 (12.8%) 18 (10.5%) 0.401
 Platelet count < 100 × 103/μL 246 (19.1%) 33 (19.3%) 0.943
 AFP > 400 ng/ml 852 (66.0%) 90 (52.6%) 0.001
 Esophageal and gastric varices, yes 245 (19.0%) 29 (17.0%) 0.522

Operative data
 Types of hepatectomy 0.001
 Minor 696 (54.0%) 69 (40.4%)
 Major 594 (46.0%) 102 (59.6%)
 Anatomical resection 412 (31.9%) 60 (35.1%) 0.408
 Types of PVTT 0.001
  I 301 (23.3%) 51 (29.8%)
  II 698 (54.1%) 102 (59.6%)
  III 291 (22.6%) 18 (10.5%)

 Ascites 156 (12.1%) 15 (8.8%) 0.204
 Lymph node invasion, yes 105 (8.1%) 12 (7.0%) 0.611
 Intraoperative chemotherapy, yes 498 (38.6%) 78 (45.6%) 0.078
 Intraoperative blood transfusion, yes 438 (34.0%) 48 (28.1%) 0.125
 Intraoperative blood loss > 400 ml 633 (49.1%) 63 (36.8%) 0.003

Pathologic data
 Tumor diameter > 5 cm 1026 (79.5%) 114 (66.7%) < 0.001
 Tumor number 0.944
  Single 1134 (87.9%) 150 (87.7%)
  Multiple 156 (12.1%) 21 (12.3%)

 Satellite nodules 633 (49.1%) 66 (38.6%) 0.010
 Tumor capsule < 0.001
  No 822 (63.7%) 81 (47.4%)
  Incomplete 336 (26.0%) 60 (35.1%)
  Complete 132 (10.2%) 30 (17.5%)

 Margins < 0.001
  R0 1005 (77.9%) 156 (91.2%)
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within 1 year had significantly shorter PFS compared to 
those who developed recurrence after 1 year (p < 0.001, 
Figure S1C). For patients with tumor recurrence, ‘cura-
tive’ treatment for initial recurrence resulted in signifi-
cantly better PFS than ‘non-curative’ treatment (p < 0.001, 
Figure S1D). In addition, OS and RFS were significantly 
worse for patients with tumor diameter > 5 cm, liver cir-
rhosis, and type III PVTT (Figure S2).

Discussions

Based on the nationwide study with a very large sam-
ple series, this first study was conducted to determine 
the actual long-term survival after liver resection for 

HCC patients with PVTT. In this study, 171 actual long-
term survivors (11.7%) were identified. The percentage 
of patients who actually survived over 3 years (11.7%) 
differed significantly from the actuarial 3-year survival 
rate of 16.6% for the entire cohort of 1590 patients in the 
study. The Kaplan–Meier survival analyses tend to overes-
timate survival due to the impact of patients being lost to 
follow-up and were censored in the analysis. In contrast, 
the actual 3-year survival from our study provided more 
pragmatic and tangible information for these patients. Our 
study revealed that TBIL > 17.1 μmol/l, AFP > 400 ng/
ml, types of hepatectomy, types of PVTT, intraoperative 
blood loss > 400 ml, tumor diameter > 5 cm, tumor encap-
sulation, R0 resection, liver cirrhosis, adjuvant TACE, 
postoperative early recurrence (< 1 year), and recurrence 

Table 1   (continued) Variables (n = 1461) Non-long-term survivors 
(N = 1290)

Long-term survivors 
(N = 171)

p value

  R1 285 (22.1%) 15 (8.8%)
 Liver cirrhosis, yes 774 (60.0%) 82 (48.0%) 0.003
 Differentiation 0.083
  Well 501 (38.8%) 81 (47.4%)
  Moderate 720 (55.8%) 84 (49.1%)
  Poor 69 (5.3%) 6 (3.5%)

Postoperative data
 Major complication, yes 405 (31.4%) 51 (29.8%) 0.677
 Adjuvant TACE, yes 423 (32.8%) 84 (49.1%) < 0.001

Data are presented as n (%)
HBV hepatitis B virus, HBeAb hepatitis B e antibody, HBeAg hepatitis B e antigen, TBIL total bilirubin, 
ALB albumin, ALT alanine aminotransferase, AST aspartate aminotransferase, PT prothrombin time, AFP 
α-fetoprotein, PVTT portal vein tumor thrombus

Table 2   Tumor recurrence 
details of actual long-term 
survivors

TACE transarterial chemoembolization

Variables (n = 1461) Non-long-term survivors 
(N = 1290)

Long-term survivors 
(N = 171)

p value

Cumulative recurrence rates 909 (70.5%) 97 (56.7%) < 0.001
  < 1 year 540 (41.9%) 45 (26.3%) < 0.001
  ≥ 1 year 369 (28.6%) 52 (30.4%) 0.624

Type of recurrence
 Intrahepatic recurrence 516 (40.0. %) 66 (38.6%) 0.725
 Extrahepatic metastasis 217 (16.8%) 18 (10.5%) 0.035
 Synchronous intrahepatic and extrahe-

patic recurrences
176 (13.6%) 13 (7.6%) 0.027

Recurrence treatment
 Curative treatments/resection 272 (21.1%) 52 (30.4%) 0.006
 Non-curative treatments 637 (49.4%) 45 (26.3%) < 0.001
 TACE 567 (35.7%) 32 (18.7%)
 Sorafenib 20 (1.6%) 6 (3.5%)
 Radiotherapy 32 (2.5%) 5 (2.9%)
 Supportive only 18 (1.4%) 2 (1.2%)
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treatments were independent predictive factors associated 
with actual long-term survival.

Currently, many tertiary liver referral centers consider 
liver resection to be a potentially curative treatment which 
provides an acceptable long-term survival outcome for care-
fully selected HCC patients with PVTT [7, 12, 16, 17]. The 

reported surgical mortality rates in HCC patients with PVTT 
who underwent liver resection ranged from 0 to 10.0% [10]. 
Our group has also established an accurate and conveni-
ent scoring system to select appropriate HCC patients with 
PVTT limited to a first-order branch of the main portal vein 
or above for LR [8]. As liver resection has evolved to benefit 

Table 3   Multivariate logistic 
regression analysis of actual 
long-term survivors

HBeAg hepatitis B e antigen, TBIL total bilirubin, AFP α-fetoprotein, PVTT portal vein tumor thrombus

Variable with p < 0.05 in univariable analyses OR (95% CI) p value

HBeAg, positive versus negative 1.574 (1.017–2.437) 0.068
TBIL, > 17.1 vs. ≤ 17.1 umol/l 1.484 (1.023–2.152) 0.037
AFP, > 400 vs. ≤ 400 ng/ml 1.561 (1.105–2.205) 0.012
Types of hepatectomy, major versus minor 0.509 (0.361–0.718) < 0.001
Types of PVTT, I + II versus III 0.495 (0.292–0.837) 0.009
Intraoperative blood loss, > 400 versus ≤ 400 ml 1.434 (1.000–2.057) 0.049
Tumor diameter, > 5 versus ≤ 5 cm 1.583 (1.090–2.299) 0.016
Satellite nodules, yes versus no 1.437 (1.013–2.038) 0.059
Tumor capsule, complete versus no 0.505 (0.309–0.826) 0.006
Margins, R0 versus R1 0.367 (0.209–0.645) < 0.001
Liver cirrhosis, yes versus no 1.493 (1.059–2.105) 0.022
Adjuvant TACE, yes versus no 0.662 (0.468–0.936) 0.020
Postoperative early recurrence (< 1 years), yes versus no 1.613 (1.107–2.350) 0.013
Recurrence treatments, curative versus non-curative 0.370 (0.238–0.575) 0.001

Fig. 2   Kaplan–Meier analysis for the OS (a, c) and RFS (b, d) according to the levels of total bilirubin (TBIL) and AFP
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selected HCC patients with PVTT, this study aimed to iden-
tify predictive factors for long-term survivors to help to even 
better select these patients for liver resection.

For preoperative characteristics, some high-risk variables 
such as TBIL > 17.1 μmol/l and AFP > 400 ng/ml were found 
to associate with worse long-term survival outcomes after 
LR. These findings are in agreement with other reported 
studies [18, 19]. Although these risk factors do not preclude 
long-term survival in some of our patients, recommending 
liver resection for HCC patients with PVTT having high 
levels of both AFP and total bilirubin should be done very 

carefully and should only be done when complete tumor 
resection with an adequate future liver remnant can both be 
achieved.

For intraoperative and pathologic characteristics, the 
unfavorable predictive factors of long-term survival were 
minor hepatectomy, type of PVTT, intraoperative blood 
loss > 400 ml, tumor diameter > 5 cm, absence of tumor 
encapsulation, R1 resection, and liver cirrhosis. Among 
these predictors of survival outcomes, some factors which 
are modifiable include type of hepatectomy, intraoperative 
blood loss, and resection margin status. Major hepatectomy 

Fig. 3   Kaplan–Meier analysis for the OS (a, c, e) and RFS (b, d, f) according to margin status, intraoperative blood loss, and types of hepatec-
tomy
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has been reported to yield acceptable perioperative and long-
term outcomes in carefully selected patients with advanced 
HCC [20]. Most patients with PVTT are accompanied with 
large tumors. Major hepatectomy may provide a better 
chance to clear all the adjacent marco and microvascular 
invasion foci. Increased intraoperative blood loss has been 
reported to be an independent prognostic factor of tumor 
recurrence and in-hospital mortality for patients with HCC 
[21, 22]. Good surgeons using refined surgical techniques 
can reduce intraoperative blood loss. Several studies have 
also demonstrated that the resection margin status is an 
important prognostic factor of long-term survival for HCC 
patients [23, 24]. Surgeons should aim at achieving R0 liver 
resection for this group of patients.

For postoperative outcomes and treatment of HCC recur-
rence, postoperative adjuvant TACE has been shown to be 
effective in achieving better long-term survival. A series of 
studies showed that adjuvant TACE significantly reduced 
tumor recurrence and prolonged long-term survival out-
comes for HCC patients with microvascular invasion and 
macrovascular invasion [25–27]. The non-long-term survi-
vors in our study had a high early recurrence (< 1 year) rate, 
as early recurrence is likely to be secondary to metastases 
from the primary tumors through microvascular invasion 
which is often associated with large tumor size, multiple 
tumors, and satellites nodules [28]. Our team has established 
a nomogram model to predict early recurrence for HCC 
patients with PVTT after R0 resection [29]. This model can 
help clinicians to select appropriate patients with high early 
recurrence risks for postoperative adjuvant TACE, or for 
close postoperative monitoring to detect early HCC recur-
rence. Curative treatment such as liver re-resection can then 
be used for the recurrence. Currently, some new postopera-
tive treatments like immunotherapy have proven promising 
effects in management of HCC recurrence after surgery [30]. 
However, the role of adjuvant immunotherapy was not ana-
lyzed in this study because this modality was not commonly 
applied in the clinical practice during the time period in this 
study.

The current study has several limitations. First, this is a 
retrospective study with its inherent defects and selection 
biases; second, variability and lack of standardization in 
the operative and perioperative management were unavoid-
able among the multiple institutions. Third, this study was 
conducted in China where the prevailing etiology of HCC 
is HBV infection. These data require validation from other 
groups with HCC of different etiologies.

In conclusion, although the management of HCC patients 
with PVTT is still challenging, one in nine patients in our 
study actually survived over 3 years after liver resection. The 
long-term survival outcomes of these patients can further 
be improved with better selection of patients for surgery, 
better surgical techniques, postoperative adjuvant TACE for 

patients identified by the nomogram to have high risks of 
early HCC recurrence, and early detection of recurrent HCC 
followed by further curative treatments.
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