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Long-term surgical outcomes of
bile duct tumor thrombus versus
portal vein tumor thrombus
for hepatocellular carcinoma:
a propensity score
matching analysis
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Zhen-Xin Zeng1,2, Li-Ming Huang1,2, Jia-Hui Lv1,2,
Wei-Zhao Chen1,2, Yong-Gang Wei3, Zhi-Bo Zhang4,
Jian-Yin Zhou5, Jia-Yi Wu1,2* and Mao-Lin Yan1,2*

1Shengli Clinical Medical College, Fujian Medical University, Fuzhou, Fujian, China, 2Department of
Hepatobiliary Pancreatic Surgery, Fujian Provincial Hospital, Fuzhou, Fujian, China, 3Department of
Liver Surgery, Liver Transplantation Center, West China Hospital of Sichuan University, Chengdu,
Sichuan, China, 4Department of Hepatobiliary Pancreatic Surgery, First Affiliated Hospital of Fujian
Medical University, Fuzhou, Fujian, China, 5Department of Hepatobiliary Surgery, Zhongshan Hospital
of Xiamen University, Xiamen, Fujian, China
Background: Portal vein tumor thrombus (PVTT) seriously affects the prognosis

of hepatocellular carcinoma (HCC). However, whether bile duct tumor

thrombus (BDTT) significantly affects the prognosis of HCC as much as PVTT

remains unclear. We aimed to compare the long-term surgical outcomes of

HCC with macroscopic PVTT (macro-PVTT) and macroscopic BDTT

(macro-BDTT).

Methods: The data of HCC patients with macro-BDTT or macro-PVTT who

underwent hemihepatectomy were retrospectively reviewed. A propensity score

matching (PSM) analysis was performed to reduce the baseline imbalance. The

recurrence-free survival (RFS) and overall survival (OS) rates were compared

between the cohorts.

Results: Before PSM, the PVTT group had worse RFS and OS rates than the BDTT

group (P = 0.043 and P = 0.008, respectively). Multivariate analyses identified

PVTT (hazard ratio [HR] = 1.835, P = 0.016) and large HCC (HR = 1.553, P = 0.039)

as independent risk factors for poor OS and RFS, respectively. After PSM, the

PVTT group had worse RFS and OS rates than the BDTT group (P = 0.037 and P =

0.004, respectively). The 3- and 5-year OS rates were significantly higher in the

BDTT group (59.5% and 52.1%, respectively) than in the PVTT group (33.3% and

20.2%, respectively).
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Conclusion: Aggressive hemihepatectomy provides an acceptable prognosis for

HCC patients with macro-BDTT. Furthermore, the long-term surgical outcomes

of HCC patients with macro-BDTT were significantly better than those of HCC

patients with macro-PVTT.
KEYWORDS

hepatocellular carcinoma, macroscopic bile duct tumor thrombus, macroscopic portal
vein tumor thrombus, overall survival, propensity score matching analysis
1 Introduction

Hepatocellular carcinoma (HCC), one of the most common

malignant neoplasms, ranks sixth in morbidity and third in

mortality among malignant tumors worldwide (1). As both the

portal vein and bile duct are surrounded by the Glisson sheath,

HCC has a propensity to invade the portal vein and its branches to

form portal vein tumor thrombus (PVTT) or spread into the bile

duct to form bile duct tumor thrombus (BDTT) (2, 3).

PVTT seriously affects the prognosis of HCC. According to the

Barcelona Clinic for Liver Cancer Staging System (4), macroscopic

PVTT (macro-PVTT) is considered indicative of an advanced stage

of HCC, and surgical intervention is not recommended due to the

poor prognosis (5). Therefore, systemic therapy is the only

suggested treatment for such patients. In Asian countries, such as

China and Japan, more aggressive anticancer therapy, including

surgery, is recommended for selected HCC patients with macro-

PVTT (6–8). Previous studies (7, 9, 10) have revealed that an

aggressive surgery considerably enhances the prognosis in HCC

patients with tumor thrombus beyond the main trunk portal vein as

compared to non-surgical procedures, with a 5-year overall survival

(OS) of 12%–33% after surgery (9, 11).

Historically, guidelines did not categorize BDTT as a factor for

staging purposes due to its rarity and the controversy over its impact

on long-term prognosis (12, 13). Several studies reported that BDTT

severely affects the prognosis of HCC patients (14–16). However,

other studies demonstrated that the presence of BDTT did not affect

the OS of HCC patients (17, 18). A meta-analysis proposed that HCC

with BDTT had worse histologic features, higher rates of

macrovascular and lymphovascular invasion, and poorer

differentiation than HCC without BDTT, and that there was no

difference in 1- and 3-year OS rates after hepatectomy between the

two groups, but the 5-year OS rate was worse in the BDTT group

(19). Moreover, previous literature (20, 21) reported a 5-year OS of

approximately 6.7–28% for HCC with BDTT, and surgery was not

considered a viable option for HCC patients with macroscopic BDTT

(macro-BDTT). However, some recent studies (18, 22–24) have

concluded that curative hemihepatectomy improves long-term

outcomes in HCC patients with macro-BDTT, with a 5-year

postoperative survival rate of 44.2%–52.8% (23, 24).
02
Overall, aggressive hemihepatectomy can improve the

prognosis of selected HCC patients with macro-PVTT and

macro-BDTT. However, differences in prognosis between HCC

patients with macro-PVTT and those with macro-BDTT after

surgery have been rarely reported in the literature. Only one

study (25) compared the prognosis of the two types of patients

and its results indicated that HCC with BDTT had a worse

prognosis than HCC with PVTT. Nonetheless, this finding

contradicted our clinical experience. Currently, whether macro-

BDTT significantly affects the prognosis as much as macro-PVTT

remains speculative and controversial.

This study aimed to compare the outcomes of HCC in patients

with macro-PVTT and macro-BDTT after surgery using propensity

score matching (PSM) and to identify the risk factors that influence

overall survival and recurrence-free survival.
2 Methods

2.1 Patients

This retrospective study enrolled HCC patients with macro-BDTT

or macro-PVTT who had undergone curative hemihepatectomy

between September 2014 and July 2018 at four major cancer

institutions: the Fujian Provincial Hospital (Fuzhou, China), West

China Hospital of Sichuan University (Chengdu, China), First

Affiliated Hospital of Fujian Medical University (Fuzhou, China),

and Zhongshan Hospital of Xiamen University (Xiamen, China).

The study protocol was approved by the Institutional Review Board

of Fujian Provincial Hospital (approval number: K2017-058-04).

Written informed consent was obtained from all participants or their

legal guardians. Clinical and pathological data were retrospectively

obtained from a prospectively maintained database.

All the patient images and specimens were separately reviewed

by two experienced radiologists and two experienced pathologists in

each participating hospital, and the diagnosis of HCC with macro-

BDTT or macro-PVTT was confirmed by preoperative imaging and

histopathological examination. Macro-BDTT was classified as B3

BDTT, indicating that the tumor thrombus invaded the initial

branches of the bile duct, and B4 BDTT, indicating the invasion
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of the common hepatic duct (26). Macro-PVTT diagnosis indicated

that the tumor thrombus was in the main trunk and the first

branches of the portal vein (27). However, patients with PVTT

involving the main trunk were excluded owing to a lack of

recommendations for surgery (9, 10). In addition, the criteria for

curative resection were as follows: the margin was free, as shown by

histology, and the serum alpha-fetoprotein (AFP) level and

postoperative radiographic examinations, including magnetic

resonance imaging (MRI) and computed tomography (CT),

showed no signs of tumor 3 months postoperatively (28–30).

The inclusion criteria were as follows (1): patients aged 18–75 years

with good operative tolerance (2), HCC with macro-BDTT or macro-

PVTT confirmed via imaging and histopathological analyses (3),

underwent curative hemihepatectomy, and (4) no extrahepatic or

distant metastases. The exclusion criteria were as follows (1):

combined with hepatic vein tumor thrombus (6 patients) (2), main

trunk/contralateral branch PVTT (17 patients) (3), both combined

with PVTT and BDTT (26 patients) (4), non-curative resection (24

patients) (5), hepato-cholangiocarcinoma (18 patients) (6), anticancer

treatment prior to the surgery (4 patients) (7), history of other cancers

(1 patient), and (8) incomplete data (16 patients) (Figure 1).
2.2 Procedures

All individuals had undergone preoperative serological and

imaging examinations. General information (such as sex, age,

disease, and treatment history) was obtained from all participants.

Additionally, data on other examinations including laboratory tests

for liver function (serum albumin, total bilirubin, alanine

aminotransferase, and aspartate aminotransferase), tests for

hepatitis B virus infection and serum AFP levels, imaging
Frontiers in Oncology 03
examinations (abdominal ultrasonography, contrast-enhanced

MRI or CT), surgical and postoperative therapy, postoperative

histopathological examinations was collected. Child-Pugh

classification was assessed according to the study by Pugh (31).

The albumin bilirubin (ALBI) score and grading system was used

for this study as outlined by Johnson (32): three grades were defined

based on the following thresholds: ALBI grade 1 (G1) ≤ -2.60, ALBI

grade 2 (G2) > -2.60 and ≤ -1.39, and ALBI grade 3 (G3) > -1.39.

Intraoperative ultrasonography was used routinely to determine

the tumor margin and transection plane and define the relationship

between the tumor and major vasculatures. After ligating the

hepatic artery and portal vein individually, the ipsilateral

hemihepatic and first branch of the bile duct or portal vein

containing the tumor thrombus were resected integrally. For

patients with PVTT, the blood inflow of the liver was occluded

using Pringle’s maneuver at a site distal to the tumor thrombus. For

patients with BDTT, extrahepatic bile duct resection (BDR) was

performed if the tumor thrombus was poorly removed

intraoperatively or extrahepatic bile duct invasion was detected.

Postoperative days 1, 3, and 5 involved liver function and

routine blood tests. The postoperative complications were

recorded using the Clavien–Dindo classification (33). The degree

of liver cirrhosis, tumor number, tumor size, tumor differentiation,

and type of tumor thrombus were determined by pathological

examinations. Tumor size was defined as the maximum diameter

of the largest tumor in the resected specimen. The histologic grade

of tumor differentiation was assigned according to the Edmonson–

Steiner classification (34).
2.3 Follow-up

Preventive transarterial chemoembolization (TACE) was

recommended for all patients 4‒8 weeks after surgery. Follow-up

was performed every 3 months for the first year and every 6 months

thereafter until death. Further, the following tests were performed:

serum AFP level test, liver function test, and contrast-enhanced CT

or MRI. If there was confirmation of recurrence during the follow-

up visits, the optimal treatment, which could include ablation,

surgical resection, TACE, systemic therapy, or a combination of

these approaches, was carried out in accordance with the clinical

practice guidelines for HCC, multidisciplinary team’s decision for

HCC management and the patient’s general condition.

The OS and recurrence-free survival (RFS) rates were the

primary and secondary endpoints, respectively, of this study. OS

was defined as the period from the date of hepatectomy to the date

of death due to any cause or the date of the last follow-up, and RFS

was defined as the period from the date of hepatectomy to the date

of the first locoregional recurrence, distant metastasis, or last

follow-up. All patients were followed-up until death or the

conclusion of the study in September 2023.
2.4 Statistical analysis

PSM was performed to overcome deviations caused by baseline

imbalance. A logistic regression model was used to calculate
FIGURE 1

Study design frame, patient selection, and PSM method. HCC,
hepatocellular carcinoma; BDTT, bile duct tumor thrombus; PVTT,
portal vein tumor thrombus; PSM, propensity score matching; ALT,
alanine aminotransferase; AST, aspartate transaminase; AFP,
a-fetoprotein.
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propensity scores. Propensity scores were calculated on the basis of

clinically important variables and factors in relation to survival,

including sex, age, serum albumin, alanine aminotransferase, and

aspartate aminotransferase levels, hepatitis B surface antigen status,

liver cirrhosis, AFP level, tumor size, and tumor number. PSM

analyses were performed using the MatchIt R package (version

4.5.5) with a caliper width set equal to 0.2 standard deviations of the

logit of the propensity score (35), and a 1:1 nearest-neighbor

matching approach between the BDTT and PVTT groups.

Categorical variables were expressed as counts and percentages

and compared using the chi-squared test or Fisher’s exact test, as

appropriate. To show the degree of adjustment for PSM, we

calculated standardized mean differences (SMD) for all variables

before and after PSM using the stddiff R package (version 3.1) to

show the size of differences in patient characteristics between two

groups, where 0.8, 0.5, and 0.2 were considered large, medium, and

small differences, respectively (36). The Kaplan‒Meier method was

used to calculate the recurrence and survival rates, and the log-rank

test was used for comparison. In the propensity-matched cohort,

survival curves were compared using a stratified log-rank test by

matched pairs, and we calculated hazard ratios (HR) via the Cox

proportional hazards model with a robust variance estimator to

account for the clustering within matched pairs. Additionally, the

prognostic factors for RFS and OS before PSM were analyzed, and

the variables with P values < 0.05 in univariate analyses, type of

tumor thrombus, and factors significant to prognosis (such as sex,

age, and ALBI grade) were further entered into the multivariate Cox

proportional hazards model, using the enter method to identify

independently significant factors. After PSM, non-matched factors

(ALBI grade, Edmonson-Steiner grade, type of hemihepatectomy,

and type of tumor thrombus) were separately analyzed by

univariate Cox regression proportional hazards model to

determine adjusted P values and HR. Statistical significance was

set at two-tailed P values < 0.05. All statistical analyses were

performed using the R software (version 4.3.1).
3 Results

3.1 Patient characteristics

A total of 112 HCC patients with macro-BDTT or macro-PVTT

who underwent hemihepatectomy at the 4 centers were included.

Among them, 101 (90.2%) were males and 11 (9.8%) were females.

Ninety-six patients (85.7%) were diagnosed with hepatitis B virus

infection, and 62 were diagnosed with cirrhosis; the baseline

characteristics of the total study population are presented in

Table 1. Before PSM, there were 65 patients in the BDTT group

and 47 patients in the PVTT group. The BDTT group comprised 12

patients with B3 BDTT and 53 patients with B4 BDTT, of whom 5

underwent extrahepatic BDR. After PSM, 42 patient pairs were

selected from each group. The PSM-BDTT group comprised 11

patients with B3 BDTT and 31 with B4 BDTT, of whom 3

underwent extrahepatic BDR. The clinical baseline characteristics

between the two groups were more comparable and balanced after

PSM, with SMD < 0.4 for all variables (Table 2).
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With a median follow-up of 31 months (range, 3‒139 months),

80 patients experienced recurrence (71.4%) and 74 died (66.1%).

The median RFS and OS in this study were 10.6 months (95%

confidence interval [CI], 7‒14 months) and 32 months (95% CI, 24‒

40 months), respectively. The total 1-, 3-, and 5-year RFS rates were

44.1%, 32.1%, and 29.5%, respectively, and the total 1-, 3-, and 5-

year OS rates were 84.8%, 45.6%, and 33.1%, respectively.
3.2 Comparison between HCC with
macro-BDTT and those with macro-PVTT

Before PSM, the 1-, 3-, and 5-year RFS rates in the BDTT group

(51.8%, 40.9%, and 36.7%, respectively) were significantly higher

than those in the PVTT group (37.7%, 19.9%, and 19.9%,

respectively; P = 0.043, Figure 2A). Further, the 1-, 3-, and 5-year

OS rates were significantly higher in the BDTT group (92.3%,

56.3%, and 42.6%, respectively) than in the PVTT group (74.5%,

30.7%, and 19.9%, respectively; P = 0.008, Figure 2B). There were 38

deaths (38/65, 58.5%) in the BDTT group and 36 (36/47, 76.6%) in

the PVTT group.

After PSM, 42 patient pairs were selected. Better RFS and OS

were observed in the PSM-BDTT group (P = 0.037 and P = 0.004,

respectively). The 1-, 3-, and 5-year RFS rates were 52.4%, 42.9%,

and 42.9%, respectively, in the PSM-BDTT group and 33.3%, 23.8%,
TABLE 1 Patient demographics and baseline characteristics.

Variables Patients
(n = 112)

Sex (male/female) 101/11

Age (< 65/≥ 65years) 98/14

Albumin (< 35/≥ 35 g/L) 9/103

Total bilirubin (< 34/≥ 34 mmol/L) 80/32

ALBI (G1/G2-G3) 55/57

ALT (< 40/≥ 40 U/L) 32/80

AST (< 40/≥ 40 U/L) 30/82

Child-Pugh class (A/B) 85/27

HBsAg (negative/positive) 16/96

AFP (<400/≥ 400 ng/mL) 68/44

Liver cirrhosis (negative/positive) 50/62

Tumor number (solitary/multiple) 77/35

Tumor size (< 5/≥ 5cm) 40/72

Type of tumor thrombus (BDTT/PVTT) 65/47

Type of hemihepatectomy (left/right) 67/45

Clavien–Dindo classification of complications (I-IIIa/
IIIb-V)

108/4

Edmondson-Steiner grade (I-II/III-IV) 23/89
ALBI, Albumin-Bilirubin; ALT, alanine aminotransferase; AST, aspartate transaminase;
HBsAg, hepatitis B surface antigen; AFP, a-fetoprotein; BDTT ,bile duct tumor thrombus;
PVTT, portal vein tumor thrombus.
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and 23.8%, respectively, in the PSM-PVTT group. The 1-, 3-, and 5-

year OS rates were 92.9%, 59.5%, and 52.1%, respectively, in the

PSM-BDTT group and 73.8%, 33.3%, and 20.2%, respectively, in the

PSM-PVTT group (Figures 2C, D).
3.3 Patterns for tumor recurrence

Before PSM, 43 patients (43/65, 66.2%) in the BDTT group and

37 (37/47, 78.7%) in the PVTT group suffered tumor recurrence

(P = 0.146). After PSM, 24 patients in the PSM-BDTT group

developed tumor recurrence, including 16 with intrahepatic

recurrence alone and 8 with extrahepatic recurrence. Thirty-two

patients in the PSM-PVTT group developed tumor recurrence,

including 28 with intrahepatic recurrence alone and 4 with

extrahepatic recurrence. Compared with the PSM-BDTT group,

patients in the PSM-PVTT group had a higher likelihood of

developing intrahepatic recurrence alone (P = 0.032).
3.4 Risk factors influencing RFS and OS

Before PSM, univariate analysis indicated that PVTT and large

HCC were risk factors for poor RFS (HR = 1.577; 95% CI, 1.013–

2.454, P = 0.043 and HR = 1.668; 95% CI, 1.031–2.697, P =0.037,

respectively) and OS (HR = 1.859; 95% CI, 1.174–2.943, P = 0.008

and HR = 1.677; 95% CI, 1.020–2.756, P = 0.042, respectively)

(Table 3). Multivariate analysis indicated that PVTT (HR = 1.835;

95% CI, 1.121–3.005, P = 0.016) was a risk factor for poor OS,
Frontiers in Oncology 05
whereas large HCC (HR = 1.553; 95% CI, 1.050–2.536; P = 0.039)

was a risk factor for poor RFS (Table 4).

After PSM, univariate analysis revealed that PVTT represented

a risk factor for both poor RFS (HR = 1.749; 95% CI, 1.034–2.958;

P = 0.037) and poor OS (HR = 2.245; 95% CI, 1.286–3.921;

P = 0.004) (Supplementary Table 1).
4 Discussion

PVTT is widely established to have a significantly negative

impact on the prognosis of HCC. Because of recent advances in

imaging and a better knowledge of BDTT, a growing percentage of

HCC patients with BDTT were diagnosed preoperatively.

Currently, there are fewer studies on BDTT, and the findings are

still controversial with varying conclusions (14–19, 22–24). Yang

et al. concluded that the prognosis of HCC patients with BDTT is

poorer than that of patients with PVTT (25). However, PVTT is an

essential factor in the staging of HCC, whereas BDTT is not a

staging factor for HCC (12, 13). Therefore, we conducted this study

to provide evidence for the effect of BDTT on the long-term

prognosis of HCC. In our study, the 3- and 5-year OS rates of

HCC patients with macro-BDTT and those with macro-PVTT after

surgery were 56.3% and 42.6%, and 30.7% and 19.9%, respectively.

Patients with macro-BDTT had better OS and RFS after surgery

than those with macro-PVTT before and after PSM.

HCC is a highly aggressive malignancy in which a tumor

thrombus easily invades the Glisson sheath to form a PVTT or

BDTT. Over several decades, HCC patients with macro-PVTT or
TABLE 2 Perioperative characteristics of BDTT and PVTT groups before and after PSM.

Variables

Before PSM (n=112) After PSM (n=84)

BDTT
(n=65)

PVTT
(n=47)

p Value SMD BDTT
(n= 42)

PVTT
(n= 42)

p Value SMD

Sex (male/female)a 60/5 41/6 0.373 0.168 38/4 37/5 0.724 0.077

Age (<65/≥65 years)a 56/9 42/5 0.612 0.098 37/5 37/5 1.000 0.000

ALbumin (<35/≥35 g/L)a 7/58 2/45 0.368 0.249 2/40 2/40 1.000 0.000

ALBI grade (G1/G2-G3) 23/42 32/15 <0.001 0.693 21/21 28/14 0.121 0.343

ALT (<40/≥40 IU/L)a 14/51 18/29 0.053 0.792 11/31 14/28 0.474 0.209

AST (<40/≥40 IU/L)a 17/48 13/34 0.859 0.484 11/31 9/33 0.608 0.106

HBsAg (-/+)a 12/53 4/43 0.226 0.294 6/36 3/39 0.480 0.232

Liver cirrhosis (-/+)a 32/33 18/29 0.251 0.222 20/22 17/25 0.510 0.144

AFP (<400/≥400 ng/mL)a 40/25 28/19 0.834 0.140 28/14 26/16 0.649 0.100

Multiple tumors (no/yes)a 47/18 30/17 0.339 0.183 31/11 28/14 0.474 0.157

Tumor size (<5/≥5 cm)a 28/37 12/35 0.056 0.376 14/28 11/31 0.474 0.157

Type of hemihepatectomy (left/right) 38/27 29/18 0.730 0.362 27/15 27/15 1.000 0.000

Edmondson-Steiner grade (I-II/III-IV) 15/50 8/39 0.434 0.424 7/35 6/36 0.763 0.250
f

aVariables in the propensity score.
BDTT, bile duct tumor thrombus; PVTT, portal vein tumor thrombus; PSM, propensity score matching; SMD, Standardized mean differences; ALBI, Albumin-Bilirubin; ALT, alanine
aminotransferase; AST, aspartate transaminase; HBsAg, hepatitis B surface antigen; AFP, a-fetoprotein.
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macro-BDTT have generally received conservative treatment with a

grave prognosis. Several studies (9, 10, 22–24) have indicated that

aggressive hemihepatectomy can improve the prognosis of HCC

patients with macro-PVTT or macro-BDTT. Kokudo et al. (9) and

Liang et al. (10) have reported that surgical treatment significantly

increased OS and RFS in HCC patients with VP1 to VP3 PVTT but

not with VP4 PVTT. Surgery is rarely recommended for HCC

patients with VP4 PVTT since they typically have a poor prognosis;

instead, conservative treatment is administered. Therefore, we

excluded those with VP4 PVTT to avoid the impact of VP4

PVTT on our analysis. In contrast, previous studies (18, 24) have

reported that the long-term survival of HCC patients with macro-

BDTT was satisfactory after curative resection and no statistical

difference has been found in the long-term prognosis of HCC

patients with B3 BDTT and B4 BDTT (18, 37). Thus, patients

with B3 and B4 BDTT were included in the present study.

In our study, OS and RFS were significantly worse in patients

with macro-PVTT than in those with macro-BDTT before and after

PSM. These findings may be associated with the highly aggressive

biological behavior of HCC, tending toward intrahepatic metastasis

via the portal vein (38). Zhou et al. (39) have reported that the
Frontiers in Oncology 06
concentration of thromboregulatory proteins (which can inhibit

fibrin synthesis and prevent cancer cells from adhering to portal

vein endothelial cells) was lower in the plasma of HCC patients with

PVTT than in those without PVTT. Shimizu et al. (40) have

proposed that HCC patients with PVTT had significantly higher

levels of soluble intercellular adhesion molecule type I (which may

enable tumor cells to invade the surrounding tissue and

extracellular matrix) in their serum than those in HCC patients

without PVTT. Thus, HCC patients with PVTT are prone to

intrahepatic recurrence with an extremely poor prognosis, as we

also confirmed in this study. Regarding BDTT, since the tumor

thrombus grows with an expansive cast shape and the bile flow is

slow, it does not easily metastasize along the duct and rarely invades

the extrahepatic bile duct (41, 42). Additionally, as we demonstrated

previously, BDTT was associated with significantly worse long-term

surgical outcomes in HCC patients with the American Joint

Committee on Cancer (AJCC) stages I and II, but not in those

with AJCC stage III (43). Another study (44) has further indicated

that bile duct invasion could be considered an independent

prognostic factor for survival in early-stage HCC but not in

advanced-stage HCC.
B

C D

A

FIGURE 2

Kaplan–Meier survival curves comparing 5-year recurrence-free and overall survival among hepatocellular carcinoma patients with BDTT or PVTT
before (A, B) and after PSM (C, D). BDTT, bile duct tumor thrombus; PVTT, portal vein tumor thrombus; PSM, propensity score matching.
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In this study, only HCC patients who had undergone

hemihepatectomy were included. In our previous study (24),

anatomic resections were recommended for HCC patients with

BDTT if feasible. Wong et al. (18) have indicated that major

hepatectomy should be the standard treatment for HCC with

macro-BDTT. Similarly, Chen et al. (45) have proposed that

hepatectomy should be the standard treatment for HCC with

macro-PVTT. Anatomic hemihepatectomy has been reported to

yield acceptable perioperative and long-term outcomes in

selected HCC patients with macro-PVTT or macro-BDTT (24,

41, 45, 46).

The current study has several limitations. First, despite

performing PSM in advance, baseline imbalance could not be

completely avoided. Second, as a multicenter study, variability

and lack of standardization in the operative and perioperative
Frontiers in Oncology 07
management were inevitable among the institutions, which may

have affected patient survival. Third, this study was conducted in

China, where HBV infection is prevalent as a cause of HCC. It is

necessary to validate these findings using other groups with HCC

caused by different etiologies.
5 Conclusions

Despite tumor thrombus affecting the prognosis of HCC

patients, reasonably acceptable long-term outcomes could be

obtained in HCC patients with macro-BDTT after aggressive

hemihepatectomy. Furthermore, the long-term surgical outcomes

of HCC patients with macro-BDTT were significantly better than

those of HCC patients with macro-PVTT.
TABLE 3 Univariate analysis of factors related to the RFS and OS before PSM.

Variables
RFS OS

HR (95% CI) p Value HR (95% CI) p Value

Sex (male) 1.280 0.584-2.807 0.538 1.482 0.673-3.265 0.329

Age (≥ 65 years) 1.464 0.702-3.054 0.309 1.595 0.731-3.478 0.241

Albumin (< 35 g/L) 1.054 0.485-2.291 0.895 1.141 0.523-2.491 0.741

ALBI grade (G2-G3) 1.034 0.666-1.605 0.883 0.946 0.599-1.494 0.810

ALT (≥40 IU/L) 1.349 0.863-2.110 0.189 1.443 0.910-2.287 0.119

AST (≥40 IU/L) 0.978 0.619-1.545 0.924 1.071 0.666-1.723 0.778

AFP (≥400 ng/mL) 1.178 0.752-1.843 0.474 1.158 0.727-1.843 0.537

HBsAg (positive) 1.742 0.975-3.115 0.061 1.593 0.888-2.856 0.118

Liver cirrhosis (positive) 1.052 0.676-1.636 0.824 1.195 0.749-1.907 0.454

Tumor size (≥ 5 cm) 1.668 1.031-2.697 0.037 1.677 1.020-2.756 0.042

Multiple tumors 1.210 0.765-1.935 0.427 1.196 0.734-1.947 0.473

Edmondson-Steiner grade (III-IV) 1.444 0.914-2.280 0.115 1.505 0.938-2.413 0.090

Type of hemihepatectomy (right) 1.252 0.833-1.896 0.279 1.544 0.826-2.312 0.112

Type of tumor thrombus (PVTT) 1.577 1.013-2.454 0.043 1.859 1.174-2.943 0.008
Bold values are statistically significant (p < 0.05).
RFS, recurrence-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; HBsAg, hepatitis B surface antigen; ALT, alanine aminotransferase; AST, aspartate transaminase;
AFP, a-fetoprotein; PVTT, portal vein tumor thrombus.
TABLE 4 Multivariate analysis of factors related to the RFS and OS before PSM.

Variables
RFS OS

HR (95% CI) p Value HR (95% CI) p Value

Sex (male) 1.333 0.599-2.963 0.481 1.667 0.746-3.723 0.213

Age (≥ 65 years) 0.734 0.346-1.555 0.419 0.694 0.311-1.547 0.371

ALBI grade (G2-G3) 1.126 0.709-1.787 0.616 1.028 0.629-1.679 0.913

Maximum tumor size (≥ 5 cm) 1.553 1.050-2.536 0.039 1.499 0.746-3.723 0.119

Type of tumor thrombus (PVTT) 1.511 0.941-2.427 0.087 1.835 1.121-3.005 0.016
Bold values are statistically significant (p < 0.05).
RFS, recurrence-free survival; OS, overall survival; HR ,hazard ratio; CI, confidence interval; PVTT, portal vein tumor thrombus.
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BCLC strategy for prognosis prediction and treatment recommendation: The 2022
update. J Hepatol. (2022) 76:681–93. doi: 10.1016/j.jhep.2021.11.018

14. Pang YB, Zhong JH, Luo XL, Ou C, Guo Z, Xiang BD, et al. Clinicopathological
characteristics and liver stem cell marker expression in hepatocellular carcinoma
involving bile duct tumor thrombi. Tumour Biol. (2016) 37:5879–84. doi: 10.1007/
s13277-015-4446-3

15. Wang DD, Wu LQ, Wang ZS. Prognosis of hepatocellular carcinoma with bile
duct tumor thrombus after R0 resection: a matched study. Hepatobiliary Pancreat Dis
Int. (2016) 15:626–32. doi: 10.1016/S1499-3872(16)60143-1

16. Yang X, Qiu Z, Ran R, Cui L, Luo X, Wu M, et al. Prognostic importance of bile
duct invasion in surgical resection with curative intent for hepatocellular carcinoma
using PSM analysis. Oncol Lett. (2018) 16:3593–602. doi: 10.3892/ol

17. Oba A, Takahashi S, Kato Y, Gotohda N, Kinoshita T, Shibasaki H, et al.
Usefulness of resection for hepatocellular carcinoma with macroscopic bile duct tumor
thrombus. Anticancer Res. (2014) 34:4367–72.

18. Wong TC, Cheung TT, Chok KS, Chan AC, Dai WC, Chan SC, et al. Outcomes
of hepatectomy for hepatocellular carcinoma with bile duct tumour thrombus. HPB
(Oxford). (2015) 17:401–8. doi: 10.1111/hpb.12368

19. Navadgi S, Chang CC, Bartlett A, McCall J, Pandanaboyana S. Systematic review
and meta-analysis of outcomes after liver resection in patients with hepatocellular
carcinoma (HCC) with and without bile duct thrombus. HPB (Oxford). (2016) 18:312–
6. doi: 10.1016/j.hpb.2015.12.003

20. Yeh CN, Jan YY, Lee WC, Chen MF. Hepatic resection for hepatocellular
carcinoma with obstructive jaundice due to biliary tumor thrombi.World J Surg. (2004)
28:471–5. doi: 10.1007/s00268-004-7185-y

21. Shiomi M, Kamiya J, Nagino M, Uesaka K, Sano T, Hayakawa N, et al.
Hepatocellular carcinoma with biliary tumor thrombi: aggressive operative approach
after appropriate preoperative management. Surgery. (2001) 129:692–8. doi: 10.1067/
msy.2001.113889

22. Orimo T, Kamiyama T, Yokoo H, Wakayama K, Shimada S, Tsuruga Y, et al.
Hepatectomy for hepatocellular carcinoma with bile duct tumor thrombus, including
cases with obstructive jaundice. Ann Surg Oncol. (2016) 23:2627–34. doi: 10.1245/
s10434-016-5174-7

23. Chotirosniramit A, Liwattanakun A, Junrungsee S, Ko-Iam W, Sandhu T,
Lapisatepun W. The benefit of curative liver resection with a selective bile duct
preserving approach for hepatocellular carcinoma with macroscopic bile duct tumor
thrombus. Hepatobiliary Surg Nutr. (2020) 9:729–38. doi: 10.21037/hbsn

24. Wu JY, Sun JX, Bai YN, Huang XX, Wu JY, Wei YG, et al. Long-term outcomes
of anatomic versus nonanatomic resection in hepatocellular carcinoma patients with
bile duct tumor thrombus: A propensity score matching analysis. Ann Surg Oncol.
(2021) 28:7686–95. doi: 10.1245/s10434-021-09874-3

25. Yang X, Zhu Y, Zhao X, Li JH, Xu D, Jia HL, et al. The prognostic comparison
between hepatocellular carcinoma with portal vein tumor thrombus and bile duct
cancer thrombus after liver resection. Cancer Manag Res. (2020) 12:12077–86.
doi: 10.2147/CMAR.S278777

26. Esaki M, Shimada K, Sano T, Sakamoto Y, Kosuge T, Ojima H. Surgical results
for hepatocellular carcinoma with bile duct invasion: a clinicopathologic comparison
between macroscopic and microscopic tumor thrombus. J Surg Oncol. (2005) 90:226–
32. doi: 10.1002/(ISSN)1096-9098

27. Ikai I, Yamamoto Y, Yamamoto N, Terajima H, Hatano E, Shimahara Y, et al.
Results of hepatic resection for hepatocellular carcinoma invading major portal and/or
hepatic veins. Surg Oncol Clin N Am. (2003) 12:65–75. doi: 10.1016/S1055-3207(02)
00082-0

28. Iizuka N, Oka M, Yamada-Okabe H, Nishida M, Maeda Y, Mori N, et al.
Oligonucleotide microarray for prediction of early intrahepatic recurrence of
Frontiers in Oncology 09
hepatocellular carcinoma after curative resection. Lancet. (2003) 361:923–29.
doi: 10.1016/S0140-6736(03)12775-4

29. Portolani N, Coniglio A, Ghidoni S, Giovanelli M, Benetti A, Tiberio GA, et al.
Early and late recurrence after liver resection for hepatocellular carcinoma: prognostic
and therapeutic implications. Ann Surg. (2006) 243:229–35. doi: 10.1097/
01.sla.0000197706.21803.a1

30. Zeng H, Xu LB, Wen JM, Zhang R, Zhu MS, Shi XD, et al. Hepatocellular
carcinoma with bile duct tumor thrombus: a clinicopathological analysis of factors
predictive of recurrence and outcome after surgery. Med (Baltimore). (2015) 94:e364.
doi: 10.1097/MD.0000000000000364

31. Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, Williams R. Transection
of the oesophagus for bleeding oesophageal varices. Br J Surg. (1973) 60:646–9.
doi: 10.1002/bjs.1800600817

32. Johnson PJ, Berhane S, Kagebayashi C, Satomura S, Teng M, Reeves HL, et al.
Assessment of liver function in patients with hepatocellular carcinoma: a new evidence-
based approach-the ALBI grade. J Clin Oncol. (2015) 33:550–8. doi: 10.1200/
JCO.2014.57.9151

33. Dindo D, Demartines N, Clavien PA. Classification of surgical complications: a
new proposal with evaluation in a cohort of 6336 patients and results of a survey. Ann
Surg. (2004) 240:205–13. doi: 10.1097/01.sla.0000133083.54934.ae

34. Edmondson HA, Steiner PE. Primary carcinoma of the liver: a study of 100 cases
among 48,900 necropsies. Cancer. (1954) 7:462–503. doi: 10.1002/(ISSN)1097-0142

35. Austin PC. Optimal caliper widths for propensity-score matching when
estimating differences in means and differences in proportions in observational
studies. Pharm Stat. (2011) 10:150–61. doi: 10.1002/pst.433

36. Cohen J. A power primer. Psychol Bull. (1992) 112:155–9. doi: 10.1037//0033-
2909.112.1.155

37. Kim DS, Kim BW, Hatano E, Hwang S, Hasegawa K, Kudo A, et al. Surgical
outcomes of hepatocellular carcinoma with bile duct tumor thrombus: A korea-Japan
multicenter study. Ann Surg. (2020) 271:913–21. doi: 10.1097/SLA.0000000000003014

38. Yamamoto J, Kosuge T, Takayama T, Shimada K, Yamasaki S, Ozaki H, et al.
Recurrence of hepatocellular carcinoma after surgery. Br J Surg. (1996) 83:1219–22.
doi: 10.1046/j.1365-2168.1996.02342.x

39. Zhou J, Tang ZY, Fan J, Wu ZQ, Ji Y, Ye SL. The potential of plasma
thrombomodulin as a biomarker of portal vein tumor thrombus in hepatocellular
carcinoma. J Cancer Res Clin Oncol. (2001) 127:559–64. doi: 10.1007/s004320100237

40. Shimizu Y, Minemura M, Tsukishiro T, Kashii Y, Miyamoto M, Nishimori H,
et al. Serum concentration of intercellular adhesion molecule-1 in patients with
hepatocellular carcinoma is a marker of the disease progression and prognosis.
Hepatology. (1995) 22:525–31. doi: 10.1002/(ISSN)1527-3350

41. Hu XG, Mao W, Hong SY, Kim BW, Xu WG, Wang HJ. Surgical treatment for
hepatocellular carcinoma with bile duct invasion. Ann Surg Treat Res. (2016) 90:139–
46. doi: 10.4174/astr.2016.90.3.139

42. Liu Q, Chen J, Li H, Liang B, Zhang L, Hu T. Hepatocellular carcinoma with bile
duct tumor thrombi: correlation of magnetic resonance imaging features to
histopathologic manifestations. Eur J Radiol. (2010) 76:103–9. doi: 10.1016/
j.ejrad.2009.05.020

43. Wu JY, Sun JX, Wu JY, Huang XX, Bai YN, Wei YG, et al. Impact of bile duct
tumor thrombus on the long-term surgical outcomes of hepatocellular carcinoma
patients: A propensity score matching analysis. Ann Surg Oncol. (2022) 29:949–58.
doi: 10.1245/s10434-021-10799-0

44. Jang YR, Lee KW, Kim H, Lee JM, Yi NJ, Suh KS. Bile duct invasion can be an
independent prognostic factor in early stage hepatocellular carcinoma. Kor J
Hepatobiliary Pancreat Surg. (2015) 19:167–72. doi: 10.14701/kjhbps.2015.19.4.167

45. Chen ZH, Zhang XP, Lu YG, Li LQ, Chen MS, Wen TF, et al. Actual long-term
survival in HCC patients with portal vein tumor thrombus after liver resection: a
nationwide study. Hepatol Int. (2020) 14:754–64. doi: 10.1007/s12072-020-10032-2

46. Qin LX, Ma ZC, Wu ZQ, Fan J, Zhou XD, Sun HC, et al. Diagnosis and surgical
treatments of hepatocellular carcinoma with tumor thrombosis in bile duct: experience
of 34 patients. World J Gastroenterol. (2004) 10:1397–401. doi: 10.3748/
wjg.v10.i10.1397
frontiersin.org

https://doi.org/10.2147/JHC.S291530
https://doi.org/10.1245/s10434-017-6025-x
https://doi.org/10.1016/j.jhep.2021.11.018
https://doi.org/10.1007/s13277-015-4446-3
https://doi.org/10.1007/s13277-015-4446-3
https://doi.org/10.1016/S1499-3872(16)60143-1
https://doi.org/10.3892/ol
https://doi.org/10.1111/hpb.12368
https://doi.org/10.1016/j.hpb.2015.12.003
https://doi.org/10.1007/s00268-004-7185-y
https://doi.org/10.1067/msy.2001.113889
https://doi.org/10.1067/msy.2001.113889
https://doi.org/10.1245/s10434-016-5174-7
https://doi.org/10.1245/s10434-016-5174-7
https://doi.org/10.21037/hbsn
https://doi.org/10.1245/s10434-021-09874-3
https://doi.org/10.2147/CMAR.S278777
https://doi.org/10.1002/(ISSN)1096-9098
https://doi.org/10.1016/S1055-3207(02)00082-0
https://doi.org/10.1016/S1055-3207(02)00082-0
https://doi.org/10.1016/S0140-6736(03)12775-4
https://doi.org/10.1097/01.sla.0000197706.21803.a1
https://doi.org/10.1097/01.sla.0000197706.21803.a1
https://doi.org/10.1097/MD.0000000000000364
https://doi.org/10.1002/bjs.1800600817
https://doi.org/10.1200/JCO.2014.57.9151
https://doi.org/10.1200/JCO.2014.57.9151
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1002/(ISSN)1097-0142
https://doi.org/10.1002/pst.433
https://doi.org/10.1037//0033-2909.112.1.155
https://doi.org/10.1037//0033-2909.112.1.155
https://doi.org/10.1097/SLA.0000000000003014
https://doi.org/10.1046/j.1365-2168.1996.02342.x
https://doi.org/10.1007/s004320100237
https://doi.org/10.1002/(ISSN)1527-3350
https://doi.org/10.4174/astr.2016.90.3.139
https://doi.org/10.1016/j.ejrad.2009.05.020
https://doi.org/10.1016/j.ejrad.2009.05.020
https://doi.org/10.1245/s10434-021-10799-0
https://doi.org/10.14701/kjhbps.2015.19.4.167
https://doi.org/10.1007/s12072-020-10032-2
https://doi.org/10.3748/wjg.v10.i10.1397
https://doi.org/10.3748/wjg.v10.i10.1397
https://doi.org/10.3389/fonc.2024.1372123
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Long-term surgical outcomes of bile duct tumor thrombus versus portal vein tumor thrombus for hepatocellular carcinoma: a propensity score matching analysis
	1 Introduction
	2 Methods
	2.1 Patients
	2.2 Procedures
	2.3 Follow-up
	2.4 Statistical analysis

	3 Results
	3.1 Patient characteristics
	3.2 Comparison between HCC with macro-BDTT and those with macro-PVTT
	3.3 Patterns for tumor recurrence
	3.4 Risk factors influencing RFS and OS

	4 Discussion
	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


