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a b s t r a c t 

Background: Portal vein embolization has been used worldwide to induce hypertrophy of the future liver 

remnant and to reduce the risk of hepatic insufficiency and death after major hepatectomy. However, 

whether disease progression after portal vein embolization can affect long-term oncologic outcomes in 

patients with hepatocellular carcinoma is uncertain. 

Methods: From a total of 107 patients who underwent portal vein embolization and subsequent hepate- 

ctomy between 20 0 0 and 2016, 57 patients with hepatocellular carcinoma were enrolled. We evaluated 

their long-term oncologic outcomes and investigated whether the disease progression between portal 

vein embolization and subsequent hepatectomy affected survival. 

Results: The 5-year overall survival and disease-free survival after hepatectomy were 74.5% and 31.7%, 

respectively. Multivariate analyses revealed that tumor number before hepatectomy ≥3 (hazard ratio 

3.59, P = .019), des- γ -carboxy prothrombin > 200 mAU/mL (hazard ratio 3.36, P = .045), and red blood cell 

transfusion (hazard ratio 11.03, P = .0 0 08) were independent prognostic factors for overall survival. Male 

sex (hazard ratio 3.74, P = .029), bilobar tumor distribution (hazard ratio 3.65, P = .004), and red blood cell 

transfusion (hazard ratio 6.22, P = .0026) were independent prognostic factors for disease-free survival. 

Disease progressions after portal vein embolization, including increases in tumor size, tumor number, 

α-fetoprotein, lens culinaris agglutinin-reactive fraction of α-fetoprotein, and des- γ -carboxy prothrom- 

bin, were observed in 22.8%, 14.0%, 29.8%, 19.3%, and 47.4% of patients, respectively. Only an increase 

of tumor number significantly decreased the disease-free survival rate after hepatectomy in a univariate 

analysis, and none of the variables affected overall survival. 

Conclusion: Disease progression after portal vein embolization did not affect long-term survival in pa- 

tients with hepatocellular carcinoma if the planned subsequent hepatectomy could be completed. 

© 2018 Elsevier Inc. All rights reserved. 
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Introduction 

Primary liver cancer is the sixth most common cancer and the

second leading cause of cancer-related death worldwide. 1 Hepato-

cellular carcinoma (HCC) is the most common primary liver cancer

and is responsible for 70%–90% of cases. 2,3 Curative intent treat-

ment options for HCC include liver transplantation, hepatectomy,

and local ablation therapy. Liver transplantation has been proposed

as an effective treatment modality for HCC, especially in patients
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ith cirrhosis, but its feasibility is restricted by organ donor short-

ge and high cost. 4 Although hepatectomy is considered to be a

urgical option for a broad range of patients with various stages

f disease, it is suitable for only a small number of patients be-

ause of the impaired liver function caused by underlying chronic

iver disease. 5,6 Major hepatectomy for these patients can lead to

ostoperative morbidity and mortality. 

Currently, to overcome this problem, portal vein embolization

PVE) has been widely used throughout the world. Preoperative

VE was first described by Makuuchi et al. 7 in 1980s, and was

apidly adopted by many centers worldwide. This strategy induces

trophy of the embolized liver lobe with compensatory hyper-

rophy of the nonembolized contralateral liver lobe, and thereby

an reduce the risk of hepatic insufficiency and death after major
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epatectomy in patients with an insufficient future liver remnant

FLR). 8–10 

In survival analysis, it is reported that PVE has no adverse ef-

ect on survival in patients who underwent major hepatectomy for

olorectal liver metastases (CRLM) 11–15 and HCC. 16–19 

However, previous studies have reported that stimulation of

iver hypertrophy could also accelerate tumor progression after

VE. 15 , 20–23 Although it is a matter of concern that enhanced tu- 

or growth subsequent to PVE might influence resectability and

urvival, this issue has been addressed only with CRLM, not HCC.

he aims of the present study were to evaluate long-term onco-

ogic outcome in patients with HCC who underwent PVE followed

y hepatectomy and to investigate whether disease progression be-

ween PVE and subsequent hepatectomy could affect their survival.

atients and Methods 

tudy cohort 

From a total cohort of 145 patients who were scheduled for

VE followed by hepatectomy between June 20 0 0 and February

016, 90 patients had HCC. Among these, 29 patients could not un-

ergo hepatectomy after PVE because of insufficient FLR ( n = 11),

isease progression ( n = 10), poor liver function ( n = 6), or poor

eneral condition ( n = 2), and were excluded from this study. A

otal of 4 patients died of postoperative complications within 90

ays because of liver failure ( n = 3) or acute respiratory distress

yndrome ( n = 1) and were also excluded. The remaining 57 HCC

atients were enrolled in this study. The patients were identified

etrospectively from a prospectively maintained database, and any

dditional data were obtained by reviewing each patient’s medical

ecord. Written informed consent was obtained from all patients

efore treatment. This study was approved by the institutional re-

iew board of Kumamoto University, Japan. 

reatment strategy 

Before treatment, all patients underwent routine laboratory

ests and imaging modalities, including ultrasonography (US), en-

anced computed tomography (CT), and magnetic resonance imag-

ng (MRI). Liver function tests, including indocyanine green re-

ention rate at 15 minutes (ICG-R15) and 

99m Tc-galactosyl hu-

an serum albumin (GSA) scintigraphy, were also performed. The

ype of hepatectomy was selected based on tumor location, ex-

ent of tumor invasion, parenchymal liver function, and patients’

eneral condition, as described elsewhere. 24,25 Generally, anatomic

esection was employed if liver function allowed. In the case of

natomic resection, CT scan volumetric measurements were per-

ormed before PVE and hepatectomy. 

The decision to perform PVE was made after careful evaluation

f the CT scan volumetry and patients’ liver function reserve. The

riteria for PVE before hepatectomy in our department were de-

cribed earlier in this report. In brief, preoperative PVE was in-

icated for patients with a value of ICG-R15 less than 10%, 20%,

0%, or 40%, and with a percentage of future liver remnant volume

%FLRV) smaller than 35%, 60%, 80%, or 90%, respectively. 19 , 26–28 

he ratio of the liver-to-heart plus liver radioactivity at 15 min-

tes (LHL15) determined by 99m Tc-galactosyl human serum albu-

in was also taken into account for the assessment of liver func-

ional reserve before hepatectomy. 28 

After PVE, if the %FLRV was considered to be sufficient for

afe hepatectomy, we performed resection of the deportalized liver

obe. If there were incidental tumors in the FLR, we treated them

y partial hepatectomy or radiofrequency ablation (RFA), in combi-

ation with main hepatectomy. RFA is indicated for small tumors
 < 2 cm) that are deeply located in the FLR. Two-stage hepatectomy

s not indicated for HCC disease in our institution. 

T volumetry 

CT scans of the liver were used to measure the volume of the

umor, the total liver volume, and FLRV. Each slice of the liver was

raced with a cursor and the corresponding area was calculated

ith a computer program, as described elsewhere. 19,27 The %FLRV

as estimated using the following formula: %FLRV = 100 × FLRV

mL) / [total liver volume (mL) – tumor volume (mL)]. More re-

ently, %FLRV was calculated with a high-speed 3-dimensional (3D)

mage analysis system (SYNAPSE VINCENT, Fujifilm, Tokyo, Japan)

sing CT imaging. All patients underwent CT before and 3–4 weeks

fter PVE. When %FLRV was considered to be insufficient for safe

epatectomy, surgery was postponed and %FLRV was re-evaluated

fter 4 weeks. 

ostoperative workup 

All postoperative complications were graded according to the

indo-Clavien classification, 29 and major complication was defined

s any complication of grade III or higher. After treatment, all

atients underwent regular follow-up examinations of their α-

etoprotein (AFP), lens culinaris agglutinin-reactive fraction of AFP

AFP-L3), and des- γ -carboxy prothrombin (DCP) levels, and imag-

ng studies, including US, CT, or MRI, to detect any intrahepatic re-

urrence or distant metastasis, as described elsewhere. 24,25 When

umor recurrence was confined, various treatment modalities were

elected, including repeat hepatectomy, RFA, transcatheter arterial

hemoembolization, sorafenib, or a combination of these methods. 

tatistical analysis 

Continuous variables were expressed as median (range). Con-

inuous and categorical variables were compared using the Mann-

hitney U test and χ2 test, respectively. Survival analyses were

erformed using the Kaplan-Meier method, with comparisons

y means of the log-rank test. Overall survival (OS) was calcu-

ated from the date of hepatectomy until death or last follow-up.

isease-free survival (DFS) was defined as the time between hep-

tectomy and first recurrence or death. Variables in which the P

alue for the univariate analysis was < .05 were subjected to sub-

equent Cox regression analysis by stepwise backward elimination

rocedures. All statistical analyses were performed using JMP soft-

are (SAS Institute, Cary, NC, USA). 

esults 

The demographic and clinical characteristics of the 57 patients

ho underwent PVE followed by hepatectomy for HCC are sum-

arized in Table 1 . There were 49 men and 8 women, with a me-

ian age of 65 years (range, 31–83 years). The majority of patients

ad chronic viral infection with hepatitis C (43.9%) or B (33.3%).

 total of 29 patients (50.9%) received hepatectomy as an initial

reatment for HCC, and 12 patients (21.1%) had bilobar tumor dis-

ribution. Tumor number and size before PVE and hepatectomy

ere 2 (range, 1–6) and 2 (range, 1–8) and 51 mm (range, 17–

30) and 60 mm (range, 20–160), respectively. AFP and DCP be-

ore PVE and hepatectomy were 18.1 ng/mL (range, 1.1–190,185),

0.2 ng/mL (range, 0–194,887), and 291 mAU/mL (16–62,989), 223

range, 15–95,120), respectively. Most of the patients (96.5%) had

ell-reserved liver function (Child-Pugh classification A); whereas

 patients (3.5%) had Child-Pugh classification B functional status.

CG-R15 values before PVE and hepatectomy were 11.2% (range,
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Table 1 

Demographic and clinical characteristics of study patients. 

Number of patients 

(n = 57) 

Age (years) 65 (31–3) 

Sex (male/female) 49/8 

HBs-Ag positive 19 (33.3%) 

HCV-Ab positive 25 (43.9%) 

Initial treatment 29 (50.9%) 

Tumor size before PVE (mm) 51 (17–130) 

Tumor size before hepatectomy (mm) 60 (20–160) 

Tumor number before PVE 2 (1–6) 

Tumor number before hepatectomy 2 (1–8) 

Tumor distribution (unilobar/bilobar) 45/12 

AFP before PVE (ng/mL) 18.1 (1.1–190,185) 

AFP before hepatectomy (ng/mL) 20.2 (0–194,887) 

AFP-L3 > 10 before PVE (%) 24 (42.1%) 

AFP-L3 > 10 before hepatectomy (%) 27 (47.4%) 

DCP before PVE (mAU/mL) 291 (16–62,989) 

DCP before hepatectomy (mAU/mL) 223 (15-95,120) 

Child-Pugh classification (A/B) 55/2 

Platelet count before PVE (/mL) 17.2 (5.5-34.2) 

Platelet count before hepatectomy (/mL) 15.4 (5.0-36.0) 

Total bilirubin before PVE (mg/dL) 0.8 (0.4-2.6) 

Total bilirubin before hepatectomy (mg/dL) 0.8 (0.3-2.2) 

Albumin before PVE (g/dL) 4.1 (2.0-4.9) 

Albumin before hepatectomy (g/dL) 3.9 (2.7-4.9) 

Prothrombin activity before PVE (%) 96 (72-150) 

Prothrombin activity before hepatectomy (%) 95 (63-131) 

ICG-R15 before PVE (%) 11.2 (2.3-31.8) 

ICG-R15 before hepatectomy (%) 12.8 (6.3–39.8) 
99m Tc-GSA LHL15 before PVE 0.92 (0.80–0.96) 
99m Tc-GSA LHL15 before hepatectomy 0.92 (0.79–0.97) 

Resection rate before PVE (%) 58.4 (24.2–79.0) 

Resection rate before hepatectomy (%) 38.3 (16.0–67.8) 

Duration between PVE and hepatectomy (months) 1.4 (0.6–14.8) 

Interval TACE 8 (14.0%) 

Type of hepatectomy 

Right trisectionectomy 3 

Right or extended right hepatectomy 40 

Left or extended left hepatectomy 5 

Sectionectomy 6 

Segmentectomy 3 

Concomitant use of RFA 7 (12.3%) 

Operating time (min) 414 (248–711) 

Blood loss (g) 495 (23–11,992) 

Red blood cell transfusion 6 (10.5%) 

Major complication (Clavien > III) 15 (26.3%) 

HBs-Ag , hepatitis B surface antigen; HCV-Ab , antihepatitis C antibody; 99m Tc-GSA , 
99m Tc-galactosyl human serum albumin; LHL15 , ratio of the liver-to-heart plus liver 

radioactivity at 15 minutes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Overall survival (OS) and disease-free survival (DFS) in patients who under- 

went portal vein embolization (PVE) followed by hepatectomy. 
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2.3–31.8) and 12.8% (6.3–39.8). Resection rates before PVE and hep-

atectomy were 58.4% (range, 24.2–79.0) and 38.3% (16.0–67.8%).

Duration between PVE and hepatectomy was 1.4 months (range,

0.6–14.8), and major complication after hepatectomy was observed

in 15 patients (26.3%). Disease progression after PVE, including tu-

mor size increase ( > 20%), tumor number increase, AFP increase

( > 20%), AFP-L3 increase ( > 20%), and DCP increase ( > 20%), was

observed in 13 (22.8%), 8 (14.0%), 17 (29.8%), 11 (19.3%), and 27

patients (47.4%), respectively. Among the 8 patients whose tumor

number increased, new lesions were detected in the FLR in 4 pa-

tients and in the deportalized liver in 4 patients. 

Survival 

The median (range) length of follow-up was 71.6 (3.6–201.5)

months after PVE and 70.1 (2.6–200.7) months after hepatectomy.

Cumulative 5-year OS and DFS rates after hepatectomy were 74.5%

and 31.7%, respectively ( Fig. 1 ). According to univariate analyses,

5 variables, including bilobar tumor distribution ( P = .0028), tumor

number before hepatectomy ≥3 ( P = .0096), DCP before hepatec-

tomy > 200 mAU/mL ( P = 0.021), albumin before hepatectomy ≤3.5
/dL ( P = .013), and red blood cell transfusion ( P < .0 0 01) were re-

ated to OS after hepatectomy, and 6 variables, including male sex

 P = .028), bilobar tumor distribution ( P < .0 0 01), tumor number

efore hepatectomy ≥3 ( P = .027), increase of tumor number after

VE ( P = .0022), albumin before hepatectomy ≤3.5 g/dL ( P = .024),

nd red blood cell transfusion ( P < .0 0 01) were related to DFS af-

er hepatectomy ( Table 2 ). Multivariate Cox regression analyses re-

ealed that tumor number before hepatectomy ≥3 (hazard ratio

HR] 3.59, P = .019), DCP before hepatectomy > 200 mAU/mL (HR

.36, P = 0.045), and red blood cell transfusion (HR 11.03, P = .0 0 08)

ere independent prognostic factors for OS. Male sex (HR 3.74,

 = .029), bilobar tumor distribution (HR 3.65, P = .004), and red

lood cell transfusion (HR 6.22, P = .0026) were independent prog-

ostic factors for DFS ( Table 3 ). Among the factors related to tumor

rogression after PVE, including increase of tumor size, number,

FP, AFP-L3, and DCP, none were associated with OS after hepate-

tomy ( Fig. 2 ), and only increase of tumor number after PVE was

ssociated with DFS after hepatectomy ( Fig. 3 ). 

Among the 57 patients who underwent PVE and subsequent

epatectomy, 38 developed recurrence after hepatectomy during

he study period. The sites of first recurrence and treatment de-

ails are summarized in Table 4 . Intrahepatic recurrence was ob-

erved in 34 patients (89.5%), and the other recurrence sites were

ung in 2 patients, and lung plus lymph node and adrenal gland

n 1 patient each. For intrahepatic recurrence, potentially radi-

al treatment was performed in 16 patients (47.1%), including re-

eat hepatectomy ( n = 6), RFA ( n = 9), and hepatectomy plus RFA

 n = 1). Among the remaining 18 patients, 15 received transarterial

hemoembolization (TACE) and 3 received best supportive care. 

iscussion 

Patients with HCC often have impaired liver function because

f underlying chronic liver disease and thus sometimes require PVE

efore major hepatectomy to increase the FLR. One of the concerns

f PVE is the disease progression after PVE and subsequent failure

o perform planned hepatectomy. For colorectal liver metastases,

t has been reported that at times PVE induces tumor progression

nd leads to reduced long-term survival. 15 , 20–23 In contrast, in the

ase of HCC, earlier studies reported that long-term outcomes were

omparable between patients with and without PVE before hepate-

tomy for HCC. 16–18 Another multi-institutional study has demon-

trated that patients who underwent PVE followed by right-side

emihepatectomy had similar long-term outcomes (OS and DFS) to
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Table 2 

Univariate analyses of factors related to overall and disease-free survival after hepatectomy. 

Variables n 5-year OS (%) P 5-year DFS (%) P 

Age (years) > 65 26 66.5 .11 19.7 .26 

≤65 31 81.2 41.0 

Sex Male 49 25.4 .090 25.3 .028 

Female 8 71.4 71.4 

HBs-Ag Positive 19 94.7 .063 36.1 .99 

Negative 38 64.6 28.8 

HCV-Ab Positive 25 65.3 .10 37.6 .43 

Negative 32 81.9 27.8 

Initial treatment Initial 29 70.4 .50 40.5 .084 

Not initial 28 76.1 22.9 

Tumor distribution Unilobar 45 79.3 .0028 39.6 < .0 0 01 

Bilobar 12 43.6 0 

Tumor size before PVE (mm) > 50 29 65.3 .094 36.2 .94 

≤50 28 85.0 28.0 

Tumor size before hepatectomy (mm) > 50 34 69.4 .34 37.7 .67 

≤50 23 81.8 23.9 

Change of tumor size after PVE Increase 13 70.5 .87 23.1 .71 

Stable 44 75.6 35.3 

Tumor number before PVE ≥3 16 79.6 .27 22.5 .38 

< 3 41 72.4 35.5 

Tumor number before hepatectomy ≥3 20 66.7 .0096 18.0 .027 

< 3 37 78.8 39.5 

Change of tumor number after PVE Increase 8 50.0 .21 12.5 .0022 

Stable 49 77.6 34.8 

AFP before PVE (ng/mL) > 20 25 79.0 .24 47.7 .070 

≤20 31 71.2 16.8 

AFP before hepatectomy (ng/mL) > 20 29 77.5 .77 2.9 .16 

≤20 28 68.3 17.9 

AFP increase after PVE Increase 17 88.2 .88 30.8 .82 

Stable 39 72.0 32.8 

AFP-L3 before PVE (%) > 10 24 87.1 .067 36.7 .66 

≤10 33 65.7 27.7 

AFP-L3 before hepatectomy (%) > 10 27 80.9 .30 32.6 .89 

≤10 30 69.4 30.0 

AFP-L3 increase after PVE Increase 11 72.7 .50 24.2 .48 

Stable 46 75.9 33.2 

DCP before PVE (mAU/mL) > 200 29 73.2 .37 35.8 .94 

≤200 27 78.4 27.6 

DCP before hepatectomy (mAU/ml) > 200 31 61.1 .021 37.5 .71 

≤200 26 90.8 26.4 

DCP increase after PVE Increase 27 68.7 .68 25.9 .43 

Stable 29 81.3 37.9 

Platelet count before PVE (/mL) > 10 51 71.5 .57 35.9 .13 

≤10 6 100 - 

Platelet count before hepatectomy (/mL) > 10 49 70.7 .47 35.4 .28 

≤10 8 100 - 

Total bilirubin before PVE (mg/dL) > 1.0 13 92.3 .18 30.8 .85 

≤1.0 44 69.7 32.8 

Total bilirubin before hepatectomy (mg/dL) > 1.0 11 100 .068 27.3 .70 

≤1.0 46 69.1 33.0 

Albumin before PVE (g/dL) > 3.5 52 76.8 .32 34.9 .14 

≤3.5 5 53.3 0 

Albumin before hepatectomy (g/dL) > 3.5 43 82.5 .013 39.3 .024 

≤3.5 14 47.5 7.7 

Prothrombin activity before PVE (%) > 80 47 71.2 .70 37.0 .32 

≤80 10 90.0 10.0 

Prothrombin activity before hepatectomy (%) > 80 45 80.5 .076 36.8 .094 

≤80 12 55.6 11.1 

ICG-R15 before PVE (%) > 10 34 67.7 .54 27.2 .59 

≤10 20 80.6 39.4 

ICG-R15 before hepatectomy (%) > 10 42 70.6 .58 26.5 .35 

≤10 13 83.1 46.2 
99m Tc-GSA LHL15 before PVE > 0.90 42 8.7 .53 37.3 .56 

≤0.90 14 57.5 17.4 
99m Tc-GSA LHL15 before hepatectomy > 0.90 43 79.0 .38 36.1 .48 

≤0.90 14 62.9 17.3 

Resection rate before PVE (%) > 60 24 77.2 .48 47.4 .11 

≤60 28 75.8 17.0 

Resection rate before hepatectomy (%) > 40 24 85.9 .074 46.8 .075 

≤40 28 71.1 20.4 

Duration between PVE and hepatectomy (months) > 1.3 30 67.7 .24 21.6 .19 

≤1.3 27 84.1 43.9 

Interval TACE Yes 8 70.0 .93 25.0 .31 

No 49 75.1 32.6 

( continued on next page ) 
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Table 2 ( continued ) 

Variables n 5-year OS (%) P 5-year DFS (%) P 

Operating time (min) > 414 28 66.5 .19 27.6 .46 

≤414 29 83.1 36.5 

Blood loss (g) > 495 28 76.0 .94 23.8 .32 

≤495 29 74.0 40.3 

Red blood cell transfusion Yes 6 0 < .0 0 01 0 < .0 0 01 

No 51 82.7 35.5 

Major complication (Clavien > III) Presence 15 56.0 .12 37.0 .97 

Absence 42 80.7 29.7 

HBs-Ag , hepatitis B surface antigen; HCV-Ab , anti-hepatitis C antibody; 99m Tc-GSA , 99m Tc-galactosyl human serum albumin; LHL15 , ratio of the liver-to- 

heart plus liver radioactivity at 15 minutes; TACE , transarterial chemoembolization; OS , overall survival; DFS , disease-free survival. 

Table 3 

Multivariate Cox regression analyses of factors related to overall and disease-free survival after 

hepatectomy. 

Variables Hazard ratio 95% CI P 

Overall survival 

Bilobar tumor distribution NS 

Tumor number before hepatectomy ≥3 3.59 1.23–11.30 .019 

DCP before hepatectomy > 200 (mAU/mL) 3.36 1.02–15.11 .045 

Albumin before hepatectomy ≤ 3.5 (g/dL) NS 

Red blood cell transfusion 11.03 2.90–42.85 .0 0 08 

Disease-free survival 

Male gender 3.74 1.12–23.16 .029 

Bilobar tumor distribution 3.65 1.54–8.18 .004 

Tumor number before hepatectomy ≥3 NS 

Increase of tumor number after PVE NS 

Albumin before hepatectomy ≤ 3.5 (g/dL) NS 

Red blood cell transfusion 6.22 1.99–18.01 .0026 

DCP , des- γ -carboxy prothrombin, CI , confidence interval; NS , not significant. 

Fig. 2. Overall survival in patients who underwent portal vein embolization (PVE) followed by hepatectomy according to changes before and after PVE. ( A ) Tumor size, ( B ) 

tumor number, (C) AFP, ( D ) AFP-L3, ( E ) DCP. AFP , α-fetoprotein; AFP-L3 , lens culinaris agglutinin-reactive fraction of α-fetoprotein; DCP , des- γ -carboxy prothrombin. 
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Fig. 3. Disease-free survival in patients who underwent portal vein embolization (PVE) followed by hepatectomy, according to changes before and after PVE. ( A ) Tumor size, 

( B ) tumor number, ( C ) AFP, ( D ) AFP-L3, ( E ) DCP. 

AFP , α-fetoprotein; AFP-L3 , lens culinaris agglutinin-reactive fraction of α-fetoprotein; DCP , des- γ -carboxy prothrombin. 

Table 4 

First recurrence site and treatment for recurrence. 

Recurrence site 

Liver 33 

Lung 2 

Adrenal gland 1 

Liver + bone 1 

Lung + lymph node 1 

Treatment for recurrence 

Intrahepatic recurrence ( n = 34) 

Hepatectomy 6 

RFA 9 

Hepatectomy + RFA 1 

TACE 15 

Best supportive care 3 

extrahepatic recurrence ( n = 5) 

Resection of adrenal gland 1 

Sorafenib 2 

Best supportive care 1 

TACE , transarterial chemoembolization; RFA , ra- 

diofrequency ablation. 
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hose who underwent upfront hepatectomy, even though they had

 significantly larger resected liver volume on admission. 18 In the

urrent study, the cumulative 5-year OS and DFS rates after hepa-

ectomy were 74.5% and 31.7%, respectively, which are comparable

o other studies that have reported 5-year OS and DFS rates (5-year

S: 50%–72%; 5-year DFS: 33%–54%). 16–18 , 30–32 However, there are

ew studies reporting tumor progression after PVE and oncologic

utcomes after planned hepatectomy for HCC. 

PVE is designed to increase the FLR and allow subsequent ma-

or liver resection to be performed safely, but not to suppress tu-

or progression, raising the concern that stimulation of liver hy-
ertrophy could accelerate tumor progression. In the current study,

isease progressions between PVE and hepatectomy, including tu-

or size increase, tumor number increase, AFP increase, AFP-L3

ncrease, and DCP increase, were observed in 22.8%, 14.0%, 29.8%,

9.3%, and 47.4% of patients, respectively. An increase of tumor

umber was the only variable that decreased the DFS rate after

epatectomy only in the univariate analysis, and none of them af-

ected OS ( Fig. 2 ). These findings suggest that if a planned hepa-

ectomy can be carried out, disease progression after PVE does not

ffect survival after hepatectomy in patients with HCC. HCC tumors

sually invade the portal system at a relatively early stage and dis-

eminate through the liver via the portal circulation. 33 PVE may

revent portal dissemination of tumor cells, and this may be one

eason why disease progression between PVE and hepatectomy did

ot affect the observed survival in the present study. 

An important question is whether the new lesions that ap-

eared between PVE and hepatectomy were present in the FLR.

n the current study, eight patients showed an increased tumor

umber after PVE: 4 patients developed new lesions in the FLR

nd 4 patients developed lesions in the deportalized liver. Because

he number of patients who displayed an increased tumor num-

er was very small in the current study, it is difficult to elucidate

he significance of the observed pattern of tumor number increase

or long-term outcomes. However, this issue is highly relevant to

he treatment strategy of PVE followed by hepatectomy, and larger

ulticentric studies should be undertaken. 

Disease progression after PVE may lead to failure to achieve

lanned hepatectomy. Yamashita et al. 30 reported that, among 70

atients with HCC who underwent PVE, 6 patients (8.6%) could

ot achieve radical resection. Compared with patients with bile

ract cancer ( n = 133) and CRLM ( n = 59), patients with HCC had
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a significantly lower dropout rate. The reasons for dropout in HCC

patients were less frequently associated with disease progression

compared with bile tract cancer and CRLM. However, patients who

could not achieve planned hepatectomy after PVE had significantly

worse survival than those who could complete the planned strat-

egy. 30 A potential way to prevent disease progression after PVE

is to combine TACE and PVE. Earlier studies have reported better

antitumor effects of a combination of TACE and PVE. 34,35 In the

present study, we performed interval TACE between PVE and hep-

atectomy in 8 patients (14.0%) to suppress tumor growth. Because

of the small sample size and retrospective nature, however, its ef-

ficacy for oncologic outcome is uncertain, and further prospective

study is desirable. 

The present study has several limitations. First, it is a retro-

spective data analysis from a single institution. Second, the num-

ber of cases is relatively small. Finally, the study period of more

than 17 years may have led to some historical bias because signif-

icant developments occurred during that period in surgical tech-

niques, perioperative management, and patient selection. However,

the policy applied by this study’s unique surgical team changed lit-

tle throughout that time. Any historical bias in the present study

is therefore assumed to have had negligible impact on the re-

sults. Our study included only patients who completed the planned

strategy. Thus, the overall significance of disease progression af-

ter PVE has not yet been determined. However, the present study

represents the first investigation that addresses the significance of

disease progression after PVE in HCC. A multicenter large cohort

study will be needed to validate these results. 

In conclusion, disease progression after PVE did not affect long-

term survival in patients with HCC if the planned subsequent hep-

atectomy could be completed. On the other hand, an increase of

tumor number after PVE may be associated with tumor relapse af-

ter subsequent hepatectomy. 
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