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Background: Hepatocellular carcinoma (HCC) with portal vein invasion (PVI) has a poor prognosis with 
limited treatment options. Intra-arterial brachytherapy (IAB) and transarterial chemoembolization (TACE) 
yield local control but risk accelerating liver dysfunction. The outcomes, survival, and safety of selective 
liver-directed treatment are reported.
Methods: Thirty-seven consecutive patients with HCC and PVI treated between 2009 and 2015 were 
reviewed from a prospectively collected database. Univariate analysis, Kaplan-Meier plots using the log-rank 
method, and multivariate analyses were performed. Statistical significance was defined as P<0.05. Overall 
survival was reported in months (median; 95% CI).
Results: Most patients (59%) had PVI identified at initial HCC diagnosis. The liver-directed therapy 
group (n=22) demonstrated a survival advantage versus the systemic/supportive care group (n=14)  
[23.6 (5.8, 30.9) vs. 6.0 (3.5, 8.8) months]. Patients indicated for liver directed therapy had unilateral liver 
involvement (100% vs. 43%, P<0.0001), lower median alkaline phosphatase (105.5 vs. 208.0, P=0.002), and 
lower mean Child-Turcotte-Pugh (CTP) score (5.9 vs. 7.2, P=0.04) and tolerated treatment without serious 
complications.
Conclusions: In HCC patients presenting with PVI, liver-directed therapy was safely performed in 
patients with limited venous involvement and preserved liver function. Liver-directed therapy extended 
survival for these patients indicated for palliative chemotherapy by traditional guidelines.
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Introduction

Hepatocellular carcinoma (HCC) is the second leading 
cause of cancer mortality worldwide. It is currently the 
seventh largest cause of death in the United States (1), but 
projected to become third largest by 2030 (2). Patients with 
HCC presenting with portal vein involvement are very 
challenging to treat. These patients, classified as Barcelona-
clinic liver cancer (BCLC) stage C, have an extremely 
poor prognosis with a median survival of only 6.9 months 
with combination chemotherapy (3). In the United States, 
the widely accepted treatment algorithm (4) is palliative 
systemic chemotherapy with sorafenib, based on prolonged 
overall survival and time to disease progression in phase 
3 trials (5,6). Liver-directed treatments including surgical 
resection, transarterial chemoembolization (TACE), and 
transarterial radioembolization [intra-arterial brachytherapy 
(IAB)] microspheres have been traditionally contraindicated 
in these patients with advanced disease (4). Because more 
than 90% of patients with PVI have compromised liver 
function, liver-directed therapy can be associated with 
significant liver decompensation causing ascites, jaundice, 
and death (4,7,8). This risk of liver failure mandates great 
caution when selecting patients with PVI for liver-directed 
treatment and leads to a therapeutic nihilism surrounding 
HCC patients with PVI; however recent data from 
Europe and Asia demonstrate a survival benefit with these 
alternative treatments compared to sorafenib or supportive 
care when delivered to selected patients (9-13).

Luo et al. 2011 (10) found that extent of portal vein 
tumor, tumor size, and serum bilirubin were independent 
predictors of survival following TACE and Chung et al. 
2011 (9) found that repeated TACE treatments and CTP 
A status independently predicted favorable outcomes in 
patients with HCC and portal vein tumor thrombus. We 
were interested in examining these variables in a Western 
patient population.

Our institution uses a multidisciplinary strategy to 
coordinate care for patients with HCC with a tumor 
board composed of hepatologists, medical oncologists, 
interventional radiologists, body imaging radiologists, 
surgical oncologists, liver transplant and hepatobiliary 
surgeons, palliative care specialists, social workers, a nurse 
coordinator, and a database manager. The input from 
this diverse group of specialists is particularly important 
for patients with a significant burden of disease and poor 
prognosis. Our working hypothesis was that we could 
identify characteristics associated with selection for liver-
directed therapy in patients with advanced stage HCC 

with PVI, and define the safety and outcomes when liver-
directed therapy was delivered to a selected group of HCC 
patients with PVI.

Methods

Patients

All consecutive patients between the ages of 18 and 95 who 
were referred to our institution for treatment of HCC, 
found to have portal vein invasion (PVI), and consented 
to participate in the Oregon Health & Science University 
liver tumor database between October 1, 2009 and June 30,  
2015 were included. There were no exclusions for 
differences in gender, race, or ethnic origin. Patient, tumor, 
treatment, and follow-up data were obtained from review of 
patient records. PVI was classified using Vp0–Vp4 grades 
(14,15) proposed by the Liver Cancer Study Group of Japan 
and outlined by Katagiri et al. 2014 (14): “Vp0, no tumor 
thrombus in the portal vein; Vp1, presence of a tumor 
thrombus distal to, but not in, the second-order branches of 
the portal vein; Vp2, presence of a tumor thrombus in the 
second-order branches of the portal vein; Vp3, presence of 
a tumor thrombus in the first-order branches of the portal 
vein; and Vp4, presence of a tumor thrombus in the main 
trunk of the portal vein or a portal vein branch contralateral 
to the primarily involved lobe (or both).”

Approval of the Institutional Review Board at Oregon 
Health & Sciences University was obtained. Informed 
consent was obtained from all participants. All procedures 
were in accordance with the ethical standards of the 
responsible committee on human experimentation and with 
the Helsinki Declaration of 1975, as revised in 1983.

Treatments

Treatment recommendations were made based on review 
of each case by a multidisciplinary liver tumor board at 
the time portal vein tumor thrombus was diagnosed. 
Patients who had been previously presented at the time 
of HCC diagnosis were discussed again when portal vein 
involvement was discovered. Figure 1 depicts our current 
HCC treatment algorithm, which has evolved since the 
study period to include patients with bilateral disease. In 
general during the study period, patients who met CTP 
A criteria or had larger tumors were referred for selective 
or lobar IAB in the absence of other contraindications. 
The target dose was usually 120–140 Gray for bilateral 
disease, or as high as 200 Gray if segmental or lobar 
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Figure 1 Institutional algorithm for the treatment of HCC in non-transplant candidates. HCC, hepatocellular carcinoma; RFA, 
radiofrequency ablation; RT, radiation therapy.
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treatment was feasible given the distribution of disease. 
Patients who were categorized as CTP B or CTP A with a 
shunt fraction prohibitive for IAB, or patients with single 
relatively small tumors, were referred for selective TACE. 
After this decision point, an initial treatment algorithm was 
designed to address the entire tumor burden, which may 
have included planned staged treatments in patients with 
extensive disease to decrease the risk of acute hepatic failure. 

Patients referred for liver-directed therapy were treated 
every four weeks as long as liver function was preserved 
until the entire extent of disease burden had been addressed. 
After completion of the initial treatment course, patients 
were followed with repeat imaging and liver function blood 
tests at one month, then every three months for two years, 
then every six months. If a patient responded well to an 
initial treatment modality, this modality was repeated in 
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the event of recurrence unless new contraindications were 
present. Treatment decisions were updated on a regular 
basis, and patients were represented at multidisciplinary 
tumor board as new information became available including 
response to treatments, changes in performance status or 
comorbidities, or disease progression. Contraindications to 
liver-directed therapies are outlined in Table 1.

Because of the relatively small sample size, the patients 
were divided into two groups for analysis. One group 
(systemic) included all patients not referred for liver-
directed therapy. This group consisted of patients treated 
with sorafenib and patients who elected to receive palliative 
or supportive care while the other group (liver-directed) 
consisted of all patients who underwent at least one liver-
directed treatment, including both IAB and TACE, after 
the diagnosis of PVI.

Statistics

Statistical analysis was performed with SPSS. A two-

tailed Student’s t-test or Wilcoxon rank-sum test was used 
for univariate analysis depending on data distribution. 
Unadjusted survival analysis was performed using a Kaplan-
Meier curve and calculated from the date PVI was noted on 
imaging. A univariate and multivariate regression analysis 
was performed on the sub-group of liver-directed therapy 
patients with dichotomized variables.

Results

Patient characteristics (Table 2)

Thirty-seven HCC patients with PVI were identified. 
One  pat ient  was  preopera t ive ly  d iagnosed  wi th 
cholangiocarcinoma but found to have HCC after resection, 
and was therefore excluded from further analyses. The 
remaining 36 patients included 35 men and 1 woman. 
There were no differences in age at diagnosis, etiology of 
liver disease, or presence or absence of cirrhosis between 
the systemic and liver-directed therapy groups. The 
majority of patients (59%) were diagnosed with PVI at the 
time of the initial HCC diagnosis; the remainder of patients 
had a mean time from HCC diagnosis to PVI diagnosis of 
7.1±7.0 months. There was a significant difference between 
the groups in unilateral versus bilateral liver involvement; 
no patients with bilateral disease underwent liver-directed 
therapy during the study period. There were no statistically 
significant differences in degree of PVI or the presence of 
extrahepatic metastases at the time of diagnosis, although 
none of the three patients with extrahepatic metastases 
underwent liver-directed therapy. Alkaline phosphatase 
and Child-Turcotte-Pugh (CTP) score were significantly 
higher in the systemic therapy group than the liver-directed 
therapy group. There was a nonsignificant trend towards 
higher total bilirubin and Model for End-Stage Liver 
Disease (MELD) score in the systemic therapy group.

Treatment characteristics (Table 3)

Of the 36 patients, seven were referred for supportive care, 
seven were recommended for treatment with sorafenib, 
and 22 underwent liver-directed treatment, including 
TACE in seven patients and IAB in 15 patients. Thirteen 
of the 22 patients treated with liver-directed therapy only 
underwent one treatment, while nine underwent more 
than one treatment. Two patients had complications: a 
65-year-old man was admitted to the hospital for four days 
following TACE for altered mental status attributed to 

Table 1 Contraindications to TACE and IAB

Arteriographic contraindications

Contrast allergy

Coagulopathy

Renal insufficiency prohibitive to contrast administration

Severe arterial disease limiting catheter access

Chemotherapeutic complications

Severe thrombocytopenia or leukopenia

Cardiac insufficiency

Renal insufficiency

Hepatic factors

Encephalopathy

Jaundice

Portal flow (collateral channels acceptable in PVI)

Significant disease of parenchyma

Biliary obstruction

Transaminitis (>2–3× normal value)

Anatomic variants prohibiting exclusion of gastric or small 
bowel arterial supply

TACE, transarterial chemoembolization; IAB, intra-arterial 
brachytherapy; PVI, portal vein invasion.
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Table 2 Patient characteristics

Variable All (n=36) Supportive + sorafenib (n=14) TACE + IAB (n=22) P value

Age at diagnosis (years) 62.1±7.9 60.4±8.2 63.2±7.6 0.31

Male gender (%) 35 (97.2) 14 [100] 21 (95.5%) 0.42

Deceased (%) 32 (88.9) 14 [100] 18 (81.8%) 0.14

Liver disease (%) 0.23

HCV 21 (58.3) 6 (42.9) 15 (68.2)

HBV 2 (5.6) 2 (14.3) 0

Alcohol 4 (11.1) 2 (14.3) 2 (9.1)

Alcohol + HCV 7 (19.4) 4 (28.6) 3 (13.7)

NAFLD 1 (2.8) 0 1 (4.5)

Other 1 (2.8) 0 1 (4.5)

Presence of cirrhosis 28 (77.8) 12 (85.7) 16 (72.7) 0.44

Tumor location (%) <0.0001

Unilateral 28 (77.8) 6 (42.9) 22 [100]

Bilateral 8 (22.2) 8 (57.1) 0 

Degree of portal vein invasion (%) 0.31

1 3 (8.3) 0 3 (13.6)

2 5 (13.9) 3 (21.4) 2 (9.1)

3 14 (38.9) 4 (28.6) 10 (45.5)

4 14 (38.9) 7 (50.0) 7 (31.8)

Maximum main tumor diameter (cm) 9.9 (8.7) 11.4 (6.3) 8.9 (9.9) 0.41

Presence of extrahepatic metastases 3 (8.3) 3 (21.4) 0 0.051

Na (mmol/L) 137.1±4.0 136.3±5.1 137.5±3.2 0.40

Creatinine (mg/dL) 0.8±0.2 0.8±2.8 0.9±0.2 0.53

AST (U/L) 100.3±60.0 109.5±60.8 94.9±60.3 0.49

ALT* (U/L) 59 [40, 102] 54 [41, 66] 78.5 [40, 116] 0.49

Alk phos* (U/L) 110 [91, 208] 208 [132, 407] 105.5 [72, 116] 0.002

T bili* (mg/dL) 0.8 [0.6, 1.5] 1.3 [0.6, 2.4] 0.7 [0.6, 0.9] 0.08

Albumin (g/dL) 3.4±0.5 3.3±0.5 3.5±0.4 0.11

Plts (×103/μL) 176.8 (85.2) 190.4 (96.1) 168.2 (78.6) 0.48

INR* 1.1 [1.0, 1.2] 1.1 [1, 1.2] 1.1 [1.1, 1.2] 0.48

AFP* (ng/mL) 212.5 [11, 8,668] 90.1 [10, 10,820] 565.6 [16, 5,306] 0.87

Presence of ascites 5 3 2 0.36

Presence of encephalopathy 4 3 1 0.28

MELD score* 8 [7, 10] 9.5 [7, 13] 8 [7, 9] 0.13

CTP score 6.4±1.6 7.2±2.1 5.9±0.9 0.04

All continuous variables are normally distributed and repeated as mean ± standard deviation unless specified. Variables that were not 
normally distributed (*) are reported as median [quartile 1, quartile 3]. TACE, transarterial chemoembolization; IAB, intra-arterial brachytherapy; 
HCV, hepatitis C infection; HBV, hepatitis B infection; MELD, Model for End-Stage Liver Disease; CTP, Child-Turcotte-Pugh.
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encephalopathy (without laboratory abnormalities) which 
improved with lactulose, and a 63-year-old man developed 
tachycardia within hours of TACE, was found to have an 
upper gastrointestinal bleed from a Mallory-Weiss tear, 

and required three days of hospitalization without the need 
for blood product transfusion. No patients had acute liver 
failure or death within 30 days of treatment, and no liver-
directed therapy patients were readmitted to our institution 
at any time with acute liver failure.

The median date of the diagnosis of PVI was identified, 
and further analysis was performed after divided the patients 
into “early” (diagnosed between 10/1/2009 and 8/8/2012) 
and “late” (diagnosed between 8/9/2012 and 6/30/2015) 
diagnosis groups. Equal number of patients in each group 
underwent liver-directed (n=11) and supportive care or 
sorafenib (n=7) during the early and late time periods.

Survival (Figure 2)

The liver-directed therapy group (n=22) had significantly 
longer median survival than the sorafenib/supportive care 
group (n=14) [23.6 (5.8, 30.9) vs. 6.0 (3.5, 8.8) months]. 
Maximum tumor diameter and CTP score were significantly 
different in univariate analysis (Figures 3 and 4) but only 
CTP was significantly different in multivariate modeling. 
Controlling for CTP in multivariate analysis, the survival 
benefit with liver-directed therapy remained significant 
when CTP was <6. There were no survival differences in 
age at diagnosis, degree of PVI, MELD score, or number 
of liver-directed therapies performed. Patients who received 
palliative care, supportive therapy, or no additional therapy 
(n=7) had significantly decreased survival compared to 
patients who received systemic chemotherapy with sorafenib 

Table 3 Treatment characteristics 

Characteristics Number of patients, n=36 (%)

First specific treatment  

Supportive care 7 (19.4)

Sorafenib 7 (19.4)

TACE 7 (19.4)

IAB 15 (41.7)

First type of treatment 

Supportive/palliative only 7 (19.4)

Sorafenib palliative chemo 7 (19.4)

Liver directed 22 (61.1)

Number of liver-directed 
treatments 

0 14 (38.9)

1 13 (36.1)

2 4 (11.1)

3 2 (5.6)

4 3 (8.3)

TACE, transarterial chemoembolization; IAB, intra-arterial 
brachytherapy.

Figure 2 Overall survival. Systemic includes patients treated with 
sorafenib and supportive or palliative care only.
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Figure 3 Kaplan-Meier curve for maximum tumor diameter in 
centimeters.
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(n=7) [4.7 (0.7, 6.8) vs. 8.8 (3.5, 17.1) months, P=0.038], 
although these results must be interpreted cautiously 
given the low number of patients in each group and wide 
confidence intervals. There were no significant differences 
in survival between patients in the early and late diagnosis 
groups who underwent liver-directed therapy (Figure 5).

Discussion

In a carefully selected group of patients with HCC 
with PVI treated TACE and IAB, median survival was 
significantly greater than the median survival in patients 

referred for sorafenib or palliative/supportive care. No 
liver-directed therapy patient experienced compromised 
liver function. Based on this data, patients with unilateral 
disease, low alkaline phosphatase, and low CTP score 
should be considered for liver-directed therapy. This patient 
population tolerated liver-directed therapy extremely well 
with only two minor complications, and no episodes of 
acute liver failure, other conditions requiring a prolonged 
hospitalization, or treatment related mortality. Expanding 
eligibility for liver-directed therapy to include patients 
with bilateral disease is not addressed by this data, but has 
the potential for efficacious treatment of more patients at 
the risk of increasing treatment-related complications. In 
the time since the study period, our institution has treated 
patients with bilateral HCC and PVI with liver-directed 
therapies in a staged manner to reduce the risk of hepatic 
failure, and this is an area ripe for future research. Even 
with the guidance of a standardized algorithm, the multi-
disciplinary approach with involvement of hepatologists, 
medical oncologists, interventional radiologists, body 
imaging radiologists, surgical oncologists, liver transplant 
and hepatobiliary surgeons, palliative care specialists, 
social workers, a nurse coordinator, and a database 
manager is crucial for making the optimum treatment 
recommendations for each individual patient.

The results of the current study are in contrast with 
the traditional treatment plan for patients with PVI which 
is sorafenib or palliative care (16-18). This algorithm 
is limited by not accounting for performance status or 
underlying cirrhosis, and may be unnecessarily eliminating 
treatment options for patients with adequate hepatic 
reserve who could have a survival benefit with more 
aggressive treatment. Between 2000 and 2010, many studies 
in predominantly Asian populations described safe and 
efficacious resection combined with TACE, hepatic arterial 
infusion of chemotherapy, radiation, and ablative therapy as 
well as surgical resection alone in patients with HCC and 
Vp4 PVI (14). There is very limited data on the safety of 
resection in Western populations with HCC with PVI.

A Korean study on liver-directed therapy without 
resection in patients with HCC and PVI demonstrated 
comparable survival outcomes between sorafenib (n=31) 
and radioembolization (n=32), with fewer adverse effects in 
the radioembolization group (19). Similarly, a meta-analysis 
of eight Asian studies comparing TACE to conservative 
treatment showed an overall survival advantage at six 
months and one year in the TACE group, even in patients 
with main portal vein involvement. This report did note a 

Figure 5 Kaplan-Meier curve for early and late diagnosis groups 
treated with liver directed therapy

Figure 4 Kaplan-Meier curve for Child-Turcotte-Pugh score.
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wide range of transient liver decompensation (26–85%), but 
less than 2% incidence of acute liver failure (12).

Western groups have used IAB as a primary technique 
to treat patients with PVI because the embolization process 
is non-occlusive and therefore less likely to induce acute 
liver failure than TACE. Kulik et al. (7) treated 108 HCC 
patients with IAB, including 37 patients with PVI, and 
found that survival varied with the presence of cirrhosis 
and the extent of PVI. Patients with portal vein branch 
involvement had a median survival of 10 months while 
those with main portal vein involvement had a median 
survival of 4.4 months. Although the treatment was well 
tolerated in this high risk group, 58% of individuals with 
main vein involvement developed an adverse biliary event 
following treatment. Similar findings were reported by a 
Spanish group (20) who demonstrated a median survival 
time of 10 months after IAB treatment in 25 patients with 
HCC with PVI, including 14 patients with bilobar disease. 
The much greater 24-month median survival that we have 
demonstrated may be related to patient selection as well as 
technical refinements in IAB.

An American study (21) of 141 patients with locally 
aggressive HCC including 31 patients with portal vein 
thrombosis treated with TACE/DEB (transarterial 
chemotherapy  wi th  drug-e lu t ing  beads )  or  IAB 
demonstrated complete radiologic response in 35.9% of 
patients. This was associated with a significant survival 
advantage compared to patients with a partial response. 
They found overall tolerance of repeated liver-directed 
treatments without increased toxicity in this population, 
but noted a significant increase in adverse events six months 
after the final liver-directed treatment in patients with 
portal vein thrombosis at baseline, suggesting this subset of 
patients requires additional scrutiny.

In Southeast Asia, hepatitis B infection (HBV) is endemic 
and has historically been responsible for the majority of 
HCC cases while in the United States hepatitis C infection 
(HCV) and alcohol use are the predominant risk factors (22).  
Our study population is consistent with these trends with 
58.3% of patients having HCV, 11.1% alcohol-related 
liver disease, and 19.4% HCV and alcohol-related versus 
only 5.6% of patients having HBV. The liver inflammation 
associated with HCV is more severe than HBV, which 
affects the safety of surgical resection and liver-directed 
therapy in these patients. National organization treatment 
guidelines reflect these population differences (4,5,23-26). 
These historical norms may be changing; a recent Japanese 
report found 53.3% of patients with HCV infection and 

only 23.3% with HBV infection (27). Unfortunately the 
recent major European and American studies of treatment 
of HCC with PVI do not differentiate between HBV and 
HCV infection (11,13,21).

The limitations of the present data are a small number 
of patients which precluded complex statistical analysis, as 
well as heterogeneity within the patient population and use 
of systemic therapies which may limit broad conclusions 
regarding decision making. There was also a lack of ability 
to standardize performance status and quality of life data 
collected, particularly in the patients treated with liver 
directed therapies. Although CTP score was significantly 
different between the groups, MELD did not differ 
between these two groups. These limitations may account 
for the failure to reproduce the previous findings of survival 
differences based on degree of PVI, MELD, and number 
of liver-directed therapies (9,10). Despite these factors, 
this study demonstrates that a carefully selected subset of 
patients with HCC and PVI have extended survival when 
treated with liver-directed therapy. There is an implicit 
selection bias in the comparison of groups of patients 
undergoing TACE or IAB versus systemic chemotherapy 
or palliative care, and a logical correlation with a survival 
difference between these two groups of patients.

The goal of this study was therefore not to explicitly 
compare survival between these heterogenous groups but 
to identify variables which could provide objective guidance 
for treatment decisions for future patients in the setting of 
existing literature from other parts of the world including 
survival benefits for patients treated with liver-directed 
therapies compared to traditional systemic chemotherapy. 
This personalized approach allows patients with poor 
prognostic factors to avoid the risks associated with invasive 
treatment modalities and maximize quality of life after 
diagnosis, with the added benefit of optimizing healthcare 
utilization by avoiding expensive, resource-intensive 
treatments in patients who are unlikely to benefit from 
these interventions.

Conclusions

These results demonstrate that patients with complex, 
advanced HCC can have extended survival and a low rate 
of adverse events with liver-directed therapy while high risk 
patients should be treated with sorafenib or in some cases, 
supportive care. Our results suggest that impending biliary 
obstruction is a useful clinical indicator of high risk disease 
but additional research is needed to further delineate 
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criteria indicative of poor prognosis to allow for appropriate 
palliation and avoidance of interventions that are unlikely 
to provide a survival or quality of life benefit. The input of a 
multidisciplinary group of clinicians is essential for making 
these difficult, individualized treatment recommendations.
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