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Abstract
Objective: To evaluate the clinical effectiveness of a combined treatment consisting of local radiotherapy (external beam radiotherapy, “EBRT”) 
and transarterial chemoembolization (TACE) for patients with advanced liver tumors with portal vein tumor thrombosis and to identify independent 
prognostic factors for such patients.

Patients and Methods: From March 2006 to December 2014, 96 patients with unresectable HCC complicated by PVTT were recruited as cases.  
All subjects received TACE and EBRT. Patient survival was estimated by Kaplan-Meier analysis. In multivariate analyses, the risk of patients’ 
mortality was estimated by hazard ratio (HR) in Cox proportional hazard regression model. 

Results: Mean overall patient survival was 14.8±0.9 months, with 1-year and 2-year survival rates of 40.6% and 14.6%, respectively. Multivariate 
analyses found that the number of TACE treatments (Hazard ratio [HR]:0.85; 95% confidence interval [CI]:0.75-0.96), maximum tumor diameter 
[HR: 1.10; 95% CI: 1.02-1.17], and post-TACE objective disease stabilization [HR:0.15; 95% CI:0.07-0.33] to be significantly associated with 
patient survival. The mean survival time was 22.1±0.97 months of subjects with objective responses to treatment. 

Conclusion: Combined TACE and EBRT proved effective and safe for enhancing tumor control in HCC patients with PVTT and achieved a higher 
response rate and better patient response than single-agent modalities such as chemotherapy, sorafenib, or radiotherapy alone.  In addition, only 
two factors – tumor diameter and the frequency of TACE treatment – were significantly associated with patient survival.
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Introduction

Hepatocellular carcinoma (HCC) is the most common primary malignancy 
of the liver and a major cause of mortality. Portal vein tumor thrombosis (PVTT) 
arises in about 10%-40% of HCC patients, with lower rates being reported 
when HCC is diagnosed early, usually as a consequence of screening [1], and 
is apparent in up to 44% of patients at end of life [2]. The median survival time 
of patients with portal venous invasion is significantly reduced to 2-4 months 
if left untreated, as compared to 10-24 months without PVTT [3]. Optimal 
treatment for HCC with PVTT has not been established, and only a few 
randomized controlled trials have been conducted.  Since PVTT compromises 
vascular supply to the liver, it is regarded as a contraindication to transarterial 
chemoembolization (TACE). However, a meta-analysis of 8 comparative 
studies confirmed the survival benefit of TACE for advanced HCC with PVTT, 
even with main portal vein obstruction [4]. 

Another potential therapeutic tool is radiation therapy (RT), which studies 
suggest can be effective in controlling the progression of HCC [5]. High-dose 
radiation can be safely delivered to liver tumors without serious complications, 

even in patients with PVTT. Although RT seems to provide an overall survival 
benefit, the prognostic influence of various factors is debatable. 

Investigations into HCC co-treatment regimens of TACE with localized 
RT have demonstrated superior results over TACE alone [6]. In addition, a 
survival benefit has been reported in PVTT patients who were treated with 
TACE plus localized RT [7].  It has also been hypothesized that high-dose 
RT might lead to sustained local control and possible cure of localized HCC 
[8]. Promising outcomes have also been observed in patients with PVTT 
treated with radiotherapy. Thus, it seems to be reasonable to combine these 
two modalities: TACE to treat the tumor in the hepatic parenchyma and 
radiotherapy specifically targeting the PVTT. 

 This study evaluated the outcome and survival rate of advanced 
stage HCC patients with PVTT after combined treatment of TACE and local 
radiotherapy and sought to identify independent prognostic factors for patients 
with advanced HCC in a multivariate analysis. 

Methodology

Patient selection 

The present work is a retrospective study and was approved by the 
Institutional Review Board of Taichung Veterans General Hospital (IRB No. 
CE17306A), waiving the requirement for informed consent. We searched 
patient records for primary hepatocellular carcinoma (ICD-9 155.0) from March 
2006 to December 2014 and collected 255 subjects with advanced-stage HCC 
who received radiotherapy treatment. After accounting for patients who had 
also undergone TACE, 96 subjects were eligible.   

Baseline patient data was collected upon initial cancer survey. Advanced 
HCC was defined as a hepatic lesion that was not eligible for curative treatment 
given the disease extent, or tumors that had recurred after local therapies. 
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Exclusion criteria included patients without dynamic CT or MRI images prior 
to EBRT, who had not received combination treatment of TACE or had inferior 
vena cava invasion, or who lacked follow-up information after initial treatment. 
PVTT was classified into five grades, Vp0–Vp4, according to the guidelines 
established by the Liver Cancer Study Group of Japan (LCSGJ) [9].

Technique

TACE: All the interventional procedures were performed via INNOVA 4100 
IQ digital subtraction angiography (DSA) (GE Company, United States) by 
well-experienced interventional radiologists at the Department of Interventional 
Radiology. After a routine preoperative preparation, TACE was performed under 
local anesthesia. The right femoral artery was cannulated using a 6 Fr vascular 
sheath using Seldinger’s technique. Selective angiography of the celiac artery 
and superior mesenteric artery was performed using a 4 Fr hepatic artery 
catheter, inserted through the vascular sheath. Maximum catheter selectivity 
of the hepatic artery and some hepatic branches was achieved using a 3 Fr 
microcatheter (Progreat, Terumo Corporation, Japan), with drug administration 
from the afferent branch to the tumor lesion. Drug dosages per procedure 
varied, ranging from 10–40 ml for ethiodized oil (LIPIODOL®, Guerbet, USA), 
10–40 mg of doxorubicin (Pfizer Pharmaceuticals Ltd, USA), depending on 
the size of the tumor lesion and laboratory results. Lipiodol-chemotherapeutic 
agents were administered until stasis, minimizing reflux into non-target 
vessels. The injection was continued until near stasis was observed in the 
artery directly feeding the tumor (i.e., the contrast column should clear within 
2–5 heartbeats). Gelatin sponge (Gelfoam, USP) cut into 1 × 1-mm particles 
was injected as a supplement when necessary. In the case of unilateral branch 
portal vein thrombosis, selective TACE for the feeding arteries of the tumor 
was performed. In cases where PVTT extended to the main portal vein, TACE 
was modified, e.g., by decreasing the amount of epirubicin hydrochloride 
or by not applying Gelfoam cubes. Additional TACE after the initiation of 
radiotherapy was allowed if adequate control of the intrahepatic tumor could 
not be maintained.

Local radiotherapy: External beam radiation were designed to include 
the gross therapy (EBRT) was delivered using a linear accelerator equipped 
with 10-15MV photon beams. Radiation portals tumor thrombosis in the main 
portal trunk and/or major branches on CT scan with 1.5-2 cm margin for daily 
set-up variation and the respiratory motion of the liver. The hepatic tumor was 
included only if the tumor was located adjacent to PVTT. The technique of 
external-beam radiation therapy used in our study was 3DCRT or intensity-
modulated radiotherapy (IMRT), and the accepted radiotherapy planning was 
designed to preserve liver function and to protect the uninvolved liver. The 

median dose of radiation therapy was 45 Gy (range from 30 Gy to 56 Gy), with 
fraction size of 1.8-3Gy per day, 5 days per week.

Tumor assessment: Tumor assessments were made using the 
modified Response Evaluation Criteria in Solid Tumors (mRECIST) for HCC, 
as developed by the American Association for the Study of Liver Diseases 
(AASLD) and shown in Table 1 [10]. Initial tumor assessments were made at 
between 4 to 8 weeks after treatment and continued at regular intervals until 
death.

Data processing and statistical analysis: Raw data was collected and 
archived via Microsoft Excel (2010) software. Data was decoded one by one, 
checked, and then entered into the Chinese version of SPSS for Windows 
22.0 software package for statistical analysis. According to the purpose and 
hypotheses, appropriate statistical methods were used to test the hypothesis 
and examine differences between each variable, with p <0.05 as the significant 
level of the analysis methods described below.

The difference in two-year overall survival between potential prognostic 
subgroups in patients treated with HCC was assessed using the Kaplan-Meier 
method and tested for statistical significance by the log-rank test, with P < 0.05 
as the threshold for statistical significance. 

Demographic data including age, sex, hepatitis virus status, treatment 
response and complications, were examined in the Cox proportional-hazards 
regression model to identify independent prognostic factors.

Results

The baseline characteristics are summarized in Table 2. A total of 96 
patients (70 males and 26 females) with a mean age 60 ± 12.2 years (range, 
53-69 years) were enrolled in the present study. Among these patients, the 
etiology of underlying liver disease included hepatitis B virus (HBV) in 40 
patients (41.7%), hepatitis C virus (HCV) in 26 patients (27.1%), co-infection of 
hepatitis B (HBV) and hepatitis C (HCV) in 4 patients (4.2%), and non-B non-C 
hepatitis in 26 patients (27.1%). Median tumor diameter was 4.7 cm (range, 
3.3-8.2 cm), while the mean number of TACE received by each patient from 
start of treatment was three (range, 2-6 times). 

During the follow-up period, the mean overall patient survival (“OS”) in 
advanced HCC patients was 14.8 ± 0.9 months (median 14.3 mo), with 1-year 
and 2-year survival rate were 40.6% and 14.6%, respectively (Figure 1).

Our univariate analyses are summarized in Table 3. During univariate 

Table 1. Radiographic modified RECIST to assess tumor response.

mRECIST for HCC Definition
CR (complete response) The disappearance of any intratumor arterial enhancement in all targets lesions.

PR (partial response) At least 30% decrease in the sum of one-dimensional diameters of a viable portion of the target lesions, with the baseline sum of the 
diameters as a reference.

SD (stable disease) Any case that does not qualify for CR, PR or PD.

PD (progressive disease) At least 20% increase in the sum of the diameters of viable target lesions, with the lowest sum of the diameters recorded since the 
treatment started as a reference.

Table 2. Baseline characteristics of the study subjects.

Variables Total (n=96)
Age (years) 60 ±12.2

Gender
Male, n (%) 70 (72.9)

Female, n (%) 26 (27.1)
Hepatitis

HBV only, n (%) 40 (41.7)
HCV only, n (%) 26 (27.1)
HBV+HCV, n (%) 4 (4.2)

Non-B non-C, n (%) 26 (27.1)
Tumor diameter (mm) 4.7 (3.3-8.2)
TACE times, n (range) 3 (2-6)
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analysis, it was found that subject age (HR: 0.98 95% CI=0.96-1.01; P = 
0.13), gender (HR: 0.62 95% CI=0.42-1.68 P = 0.62), status of HBV (HR=0.95 
95% CI = 0.50-1.83 P=0.89), HCV (HR=0.53 95% CI = 0.25-1.15 P=0.11) or 
concurrent HBV and HCV ( HR=2.11 95% CI = 0.48-9.39 P=0.33) were not 
associated with overall patient mortality. 

Tumor characteristics were also evaluated against mortality. A HR of 1.15 
was found for maximum tumor diameter (95% CI = 1.08-1.23, P=<0.01), and 
severity of portal venous thrombosis in terms of Vp1-4 were also compared to 
mortality. Patients with Vp1 grade of PVTT had a HR of 0.48 (95% CI = 0.18-
1.27, P=0.14), while HR is 0.29 for Vp2 (95% CI = 0.13-0.64, P=0.01) and 
0.50 for Vp3 (95% CI = 0.25-1.01, P=0.05), respectively. An HR of 0.74 was 
calculated for number of TACE treatments (95% CI = 0.63-0.88, P=<0.01.), and 
achievement of objective disease stabilization (“ODS,” defined as CR+PR+SD) 
had a HR of 0.15 (95% CI = 0.08-0.32, P=<0.01) in treatment responders. 

After adjusting for confounders, multivariate analysis demonstrated that 
maximum tumor diameter (HR=1.10 95% CI = 1.02-1.17 P=0.01), number of 
TACE treatments (HR=0.85 95% CI = 0.75-0.96 P=0.01) and achievement of 
ODS after treatment (HR=0.15 95% CI = 0.07-0.33 P=<0.01) were significantly 
associated with patient survival. On the other hand, factors not significantly 
associated with mortality in patients with advanced HCC included PVTT of 

grade Vp1 (HR=0.56 95% CI = 0.19-1.65 P=0.29), Vp2 (HR=0.58 95% CI = 
0.24-1.40 P=0.23) and Vp3 (HR=1.04 95% CI = 0.48-0.36 P=0.91).

The overall survival rates for advanced HCC patients after combined 
treatment of TACE and EBRT within the 24-month study period are shown 
in Figure 2, according to the patient’s treatment response. The mean survival 
time is 22.1 ± 0.97 months of subjects with objective response (“OR”, defined 
as CR+PR) to treatment, with a significant difference between objective 
response, stable disease and progressive disease (P= 0.01).

Discussion

Sorafenib is currently the only therapy specifically recommended for HCC 
with PVTT in BCLC guidelines. However, the average median survival is only 
8.1 months with common adverse events. In a 2009 sorafenib randomised 
trial with Asia-Pacific patients with advanced HCC, of the group that received 
sorafenib, at ≥ 4 weeks, none received a RECIST rating of CR, only 5 of 150 
patients (3.3%) achieved an rating of PR, 81 achieved the nebulous SD rating 
(54%) and 46 received the negative PD rating (31%), for an OR rate of 3.3%, 
and objective and a median survival of 6.5 months [11]. Comparatively, our 
combined TACE + EBRT results showed an initial OR rate of 16.7% (16/96) 

Figure 1. Cumulative overall survival of the advanced-stage HCC after TACE and radiotherapy.

Table 3. Multivariate analysis for overall survival among patients receiving TACE and radiotherapy.

Univariate analysis Multivariate analysis
Variable Total( n=96) HR 95%CI P-value HR 95%CI P-value

Age (year) 96 0.98 0.96-1.01 0.13 - - -
Gender
Female 26 0.83 0.42-1.68 0.62 - - -

Male 70 - - - - - -
Chronic viral hepatitis

 Non-B non-C 26 - - - - - -
HBV only 40 0.95 0.50-1.83 0.89 - - -
HCV only 26 0.53 0.25-1.15 0.11 - - -
HBV+HCV 4 2.11 0.48-9.39 0.33 - - -

# of TACE treatments 96 0.74 0.63-0.88 <0.01** 0.85 0.75-0.96 0.01*
Tumor diameter 96 1.15 1.08-1.23 <0.01** 1.10 1.02-1.17 0.01*
Portal venous 

thrombosis
Vp1 9 0.48 0.18-1.27 0.14 0.56 0.19-1.65 0.29
Vp2 27 0.29 0.13-0.64 0.01* 0.58 0.24-1.40 0.23
Vp3 40 0.50 0.25-1.01 0.05* 1.04 0.48-0.36 0.91
Vp4 20 - - - - - -

TACE response
 Objective disease 

stabilization 36 0.15 0.08-0.32 <0.01** 0.15 0.07-0.33 <0.01**

Progression 60 - - - - - -
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and a mean survival rate of 14.8 ± 0.9 months in patients with advanced 
HCC, markedly longer than that shown in the sorafenib-only trial. Although a 
direct comparison between the two studies cannot be made, the better tumor 
response rates suggest better overall survival in patients with advanced HCC 
using our treatment. 

Although PVTT is generally contraindicated for TACE, several groups 
have reported that subselective and superselective TACE can be performed 
safely in some patients with PVTT, and that it is associated with improved 
overall survival, provided they have good liver function and collateral blood flow 
around the obstructed portal vein [12]. Overall survival among PVTT patients 
treated with TACE in these studies ranged from 7.0 to 10.2 months. Luo J, 
et al. [13] prospectively treated 164 patients with PVTT with either lipiodol 
TACE or conservative treatment. Of the group receiving TACE (82 patients), 
at 4 weeks after treatment, none achieved a RECIST rating of CR, 19.5% 
achieved PR, and 43.9% achieved SD, for an OR of 19.5% and significantly 
prolonged 12- and 24- month survival rates (30.9% and 9.2% in the TACE 
group vs 3.8% and 0% in the conservative treatment group.). The benefit was 
consistent across patients with segmental and main PVTT [13]. Our analysis 
indicates that the presence of PVTT at the initial diagnosis of the HCC is not 
an absolute contraindication for TACE treatment, but patients must be selected 
carefully, with critical regard to their liver function.  In Luo’s study, patients 
with avascular or hypovascular tumors, diffuse-type HCC, evidence of hepatic 
decompensation (including ascites, esophageal, or gastric variceal bleeding 
or hepatic encephalopathy), severe underlying cardiac or renal diseases; 
or color Doppler showing PVTT with complete main portal vein obstruction 
without cavernous transformation were excluded. However, despite these 
rather stringent exclusion criteria and an initial OR of 19.5%, the survival rate 
of Luo’s TACE-only series was significantly lower than that of the combined 
treatment (respectively, 30.9% vs. 40.6% at 12 months and 9.2% vs 14.6% at 
24 months [13].  

Advances in radiotherapy techniques have allowed selective delivery of 
increased radiation doses to tumors with minimal doses to normal tissue [14]. 
Yu SJ, et al. [15] appraised a number of retrospective studies that examined 
the use of these new technologies in selected patients accompanying PVTT 
and found a median OS of 6.7–11 months, and 1, 2, and 5-year survival rates 
30%-40%, 20%-30%, and 5.1%-24%, respectively. However, upon examining 
these studies, we found that they often did not exclude patients who previously 
received TACE, so it was not feasible to determine response rates based on 
radiotherapy alone, as was also the case of Kim DY, et al [16]. Nakazawa T, 
et al. [17] did not find a significant difference in the median OS of sorafenib 
therapy vs. radiotherapy in unresectable HCC patients accompanying PVTT 
(Vp3 or Vp4), although it is worth noting that approximately 30% of both groups 
had previously received either TACE or transarterial infusion chemotherapy 
(TAI) (17).  Similarly, Nakagawa et al. gave 52 HCC patients with PVTT 
targeted RT in effort to “re-actualize” transcatheter arterial embolization (TAE) 
for intrahepatic tumors.  OR was seen 50% of patients at initial assessment, 
with a 1- and 2-year survival rate of 45.1% and 25.3% [18].  It is difficult to 

assess the effect of RT alone on non-resectable HCC, although as an adjunct 
treatment, the effects seem positive.

In recent years, deliberately combining RT with TACE for liver tumors 
with PVTT has been found to be a feasible and effective approach [19]. 
Nagashima T [20] reported that 7 of 11 patients with HCC with PVTT showed 
partial response by this combined-modality treatment. According to a study 
by Chen SC, et al. [21], 5 of 10 patients showed complete response to such 
treatment and the rest showed a partial response, with a median survival time 
of 7.5 months. Recently, Cho JY, et al. [22] conducted a retrospective study 
comparing TACE combined with radiotherapy (n = 67) with sorafenib (n = 49) in 
116 patients accompanying PVTT and demonstrated that overall survival in the 
TACE plus radiotherapy group was significantly prolonged over the sorafenib 
group (14.1 mo vs. 3.3 mo, P < 0.001). Even in the matched cohort by 
propensity score, the TACE combined with radiotherapy group demonstrated 
extended OS over the sorafenib group 6.7 mo vs. 3.1 mo, P < 0.001. In the 
present study, we found a mean survival time of 22.1 ± 0.97 months of subjects 
with an objective response (complete or partial response) to treatment, with 
significant differences between OR, SD, and PD (P= 0.01).

Figures 3 illustrate a representative case, a 53-year-old male patient 
with history of chronic hepatitis B, treated with TACE one month later after 
radiotherapy.  Prior to treatment, the right major branch of the portal vein and 
bifurcation were completely obstructed due to tumor thrombosis. TACE was 
performed with injection of 40mg Epirubicin, 7 ml Lipiodol and some Gelfoam 
cubes. After this combined RT and TACE treatment, partial recanalization of the 
portal vein bifurcation was seen in follow-up imaging. Figures 4 and 5 illustrate 
another case of HCC in the liver S8 with right portal branch thrombosis. TACE 
through superselection of the right hepatic artery was performed and then 
combined with radiotherapy. The post-TACE follow-up DSA showed complete 
obliteration of tumor stains in the right lobe of liver. The MRI images at the 
three-month follow-up showed good response to the combined treatment.

Hepatic arterial infusion chemotherapy (HAIC) has been applied to treat 
advanced HCC patients with portal vein thrombosis. Theoretically, HAIC 
should show better effectiveness than systemic chemotherapy in advanced 
HCC because the infusion of the chemotherapeutic agents through the hepatic 
artery provides direct delivery of high concentrations of drugs to the arteries 
feeding the HCC. Recently, Nouso et al. evaluated the effectiveness of HAIC 

Figure 2. Cumulative overall survival of the advanced-stage HCC after TACE and 
radiotherapy.

Figure 3. A case treated with radiotherapy after transcatheter arterial chemoembolization: 
a 53-year-old male patient with history of chronic hepatitis B who received TACE starting 
one month later after radiotherapy. A) Before treatment, compete obstruction of the right 
major branch of the portal vein and bifurcation (Black arrow) and  B) After treatment, 
partial recanalization of the bifurcation was seen (Black arrowhead).

Figure 4.  HCC in liver S8. A) Thrombosis of right portal branch was noted, B) 
Hypervascular tumor stain was noted over S8 of liver (black arrow) and C) The post-
TACE follow-up DSA showed complete obliteration of tumor stains in the right lobe of 
liver.
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of 5-FU and cisplatin for advanced HCC in a nationwide survey in Japan. 
The outcome of 476 patients with HCC who underwent HAIC was compared 
with 1,466 patients who did not receive active therapy. In this study, at the 
time of initial tumor assessment, 4% achieved an EASL CR rating, 36.5% 
achieved PR (≥ 50% tumor reduction, differing from RECIST/mRECIST), 
23.6% achieved SD, and 27.2% received PD, with an OR of 40.5% and leaving 
8.7% “undefined.” In a propensity score-matched analysis, median survival in 
patients who received HAIC was longer than that in patients who received only 
supportive care (14.0 vs. 5.2 mo, respectively, P < 0.0001) [23]. However, the 
study also noted that in cases of Child-Pugh A/B disease with portal vein tumor 
thrombus, the median survival times dropped to 7.9 months vs. 3.1 months. 

Transarterial radioembolization (TARE) uses yttrium-90 microspheres 
for treating HCC in the following scenarios: down-staging/bridging to 
transplantation or resection, advanced disease, and HCC with portal vein 
thrombosis. In a review paper, Sangro et al. reported that the improvement 
of median survival with intermediate- to advanced-stage HCC and the median 
survival was 3.2-41.6 months, with objective response rates from 20%-77% 
[24]. However, the longest survival times and highest objective response rates 
were from studies where PVTT explicitly excluded [25,26] or where TARE 
was part of a downstaging strategy and subsequent transplants were not 
excluded from the survival data [27]. Limiting Sangro et al. to those papers 
which specifically studied radioembolization with PVTT, the median survival 
range dropped to 3.2-11 months [24], with one small study (n=20) reporting a 
2-month ODS rate (CR + PR + SD) of 77%, which dropped to 57% at 6 months 
[28]. TARE has been proven to be more well-tolerated and associated with 
favorable overall survival. Moreover, there is increasing evidence that TARE 
can be delivered safely and effectively in suitable HCC patients with PVTT, 
with several studies reporting median OS rates of approximately 10 months 

Figure 5. Post follow up MRI images showed good response without hypervascular tumor (white arrows).

following the procedure in these patients [29].  However, it comes at a cost 
approximately 550% more than the combined TACE+EBRT treatment with 
comparatively similar results.

We compared our EBRT + TACE results against the treatment modalities 
discussed above, and in general, found that our co-treatment compared very 
favorably against them. In all cases, patients in our RT + TACE study showed 
higher rates of overall response (OR, defined as CR + PR from the mRECIST 
scale) the other treatments, except for TARE. However, TARE is at present 
prohibitively expensive and not widely available in Taiwan. Our findings are 
summarized in Table 4.

In multivariate analysis, our results showed that only two factors – 
tumor diameter and the frequency of TACE treatment – were significantly 
associated with the risk factors for patient survival. Although the analysis 
showed that achievement of objective disease stabilization after treatment 
was also significantly associated with patient survival, the low hazard ratio and 
confidence intervals lead us to discount its importance. Our findings also show 
that the degree of PVTT and the type of hepatitis did not actually significantly 
contribute to mortality risk. It is reasonable to suppose that patients who had 
larger tumors would eventually experience worse outcomes, as theoretically, a 
higher degree of PVTT should show a worse prognosis. However, our analysis 
showed that the obstruction level of the portal vein was not associated with 
the therapeutic outcome. This may suggest that radiotherapy combined 
with multiple interventions of TACE could attain an overall better outcome, 
regardless of the severity of the PVTT. Our study provides information to 
recognize the factors that can affect survival and design tailored treatment for 
advanced HCC in the future. Understanding these factors may help identify 
optimal treatment regimens and establish more detailed treatment guidelines 
in patients with HCC with PVTT.

Table 4. Comparing various treatment strategies for hepatocellular carcinoma patients accompanying portal vein tumor thrombosis.

Modality Source RECIST, mRECIST, 
or EASL SD/NR OR (CR+PR) ODS 

(CR+PR+SD) PD Median Survival 
Time

12-month /24-month 
survivability (%)

Sorafenib Cheng 2009 RECIST 54% 3.3% 57.3% 31.0% 6.5 months NR
TARE with Y90 
microspheres Sangro 2011 RECIST NR NR 77.0% NR 11 months NR

Surgical Resection Shi 2010 N/A (did not exclude 
prev TACE) N/A N/A N/A N/A

10.1 - 18.1 months 
(branch vs. main 

portal involvement)

13.3%/4.7%  
(12/36 months)

HAIC with cisplatin Nouso 2015 EASL 23.60% 40.5% 64.1% 23.7% 7.9 months NR
TACE Luo 2011 RECIST 43.90% 19.5% 63.4% 36.6% 7 - 10.2 months 30.99%/3.8%

Radiotherapy Yu 2015
N/A  

(did not exclude other 
prior treatments)

N/A N/A N/A N/A
6.7 - 11 months 
(as an adjunct 

treatment)

30-40%/20-30%  
(as an adjunct treatment)

TACE + Radiotherapy Present Study mRECIST 30% 16.70% 46.70% 53.1% 14.3 months 40.6%/14.6%
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We thereby recommend a first-line combined treatment consisting of 
EBRT for PVTT and TACE for liver tumor, which our data suggests could reach 
a higher response rate (objective response rate, 16.7%) and median survival 
(14.3 months) than single-modality treatments by themselves, including 
hepatectomy, systemic chemotherapy, sorafenib, and HAIC.  

However, some issues must be addressed. Firstly, based on this study, 
the response of PVTT after TACE and radiotherapy is difficult to determine, 
because of the tumor configuration and PVTT region. HCC can be assessed 
by mRECIST criteria, which means that only the hypervascular part of 
treated HCC should be measured, but there is no proper radiologic response 
guideline for the portal thrombus for determining a more objective response 
to radiotherapy. We can only assess response by measuring size reduction of 
PVTT compared with initial size; however, substantial portions of responding 
HCC with PVTT showed the disappearance of contrast enhancement without 
an actual reduction in tumor and thrombus size, followed by no increase in 
thrombus size during long-term follow-up (28). 

Secondly, thirty-three patients in our study received various treatments 
before and after TACE, including Sorafenib, RFA, and surgery. It is possible 
that these treatments could have influenced our study results, but that is 
impossible to assess with only the data that is at hand.

Other limitations: this was a retrospective study, not a randomized control 
prospective study. In addition, although many studies have reported the use 
of TACE in patients with HCC, certain issues remain unresolved, such as a 
lack of regarding the ideal chemo-embolic regimen, procedure end points, the 
degree of vascular stasis to be achieved, and the ideal time interval between 
treatment sessions. Another limitation is that the fractionated radiation dose 
might have influenced the PVTT response to RT due to the wide range of 
biologic properties of HCC, but a standard dose fractionation schedule has not 
yet been established for RT for HCC with PVTT. Finally, the sample size was 
too small to postulate the benefits of TACE in patients with PV thrombosis. 
Further investigation, long-term follow-up, and prospective clinical trials are 
warranted.

Conclusion

Combining radiotherapy and TACE for hepatocellular carcinoma with 
PVTT was found to be an effective treatment regimen, which achieved a higher 
response rate and better patient outcome as compared with single-agent 
modalities, such as systemic chemotherapy, sorafenib, radiotherapy or HAIC.  

Our findings also suggest that, in patients diagnosed with advanced 
HCC, continuous application of TACE treatment results in better response 
and increased survival rate, regardless of the severity of portal vein tumor 
obstruction, and that tumor size is directly related to overall survival, making 
both valuable prognostic indicators.
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