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Abstract 
Although preoperative portal vein embolization (PVE) is an effective means 

to increase future remnant liver (FRL) volume, little has been published on 

possible adverse effects. This review discusses the clinical and experimental 

evidence regarding the effect of PVE on tumor growth in both embolized 

and nonembolized liver lobes, as well as potential strategies to control tumor 

progression after PVE. A literature review was performed using MEDLINE with 

keywords related to experimental and clinical studies concerning PVE, portal 

vein ligation (PVL), and tumor growth. Cross-references and references from 

reviews were also checked. Clinical and experimental data suggest that tumor 

progression can occur after preoperative PVE in embolized and nonembolized 

liver segments. Clinical evidence indicating possible tumor progression in 

patients with colorectal metastases or with primary liver tumors is based on 

studies with small sample size. Although multiple studies demonstrated tumor 

progression, evidence concerning a direct increase in tumor growth rate 

as a result of PVE is circumstantial. Three possible mechanisms influencing 

tumor growth after PVE can be recognized, namely changes in cytokines or 

growth factors, alteration in hepatic blood supply and an enhanced cellular 

host response promoting local tumor growth after PVE. Post-PVE chemotherapy 

and sequential transcatheter arterial chemoembolization (TACE) before PVE 

have been proposed to reduce tumor mass after PVE. We conclude that tumor 

progression can occur after PVE in patients with colorectal metastases as well 

as in patients with primary liver tumors. However, further research is needed 

in order to rate this risk of tumor progression after PVE. 
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Preoperative portal vein embolization (PVE) is an accepted intervention in patients 
requiring major liver resection in whom the estimated future remnant liver (FRL) is too 
small to allow safe resection.1,2 PVE induces atrophy of the embolized, tumor-bearing 
liver lobe while compensatory hypertrophy of the nonembolized lobe occurs, thereby 
increasing FRL volume and function.1-6 Portal vein occlusion by either embolization 
(PVE) or ligation (PVL) has proven useful to reduce risk of post operative liver 
dysfunction and enables resection in patients previously deemed unresectable due to 
a marginal FRL.7-14 FRL volume smaller than 25–30% of total pre operative liver volume 
is generally considered insufficient in patients with normal liver parenchyma.15-17 In 
patients with a compromised liver, the cutoff value for performing safe resection is 
more variable and PVE is usually under taken when the FRL is smaller than 40% of 
total liver volume.10,12,16

While experiences with PVE have accumulated, there is growing evidence that 
PVE stimulates not only the growth of the FRL but also affects tumor size in both 
embolized and nonembolized liver segments.18-20 This review dis cusses the clinical 
and experimental evidence regarding the effect of PVE on tumor growth in the 
nonembolized and embolized liver lobes, as well as potential strategies to control 
tumor progression after PVE. 

The effect of PVE on tumor growth
Table 1 provides an overview of the studies describing tumor progression after 
preoperative PVE. Elias et al. were among the first to describe the potential of 
intrahepatic tumor enlargement after PVE.18 Their conclusion was based on five 
patients with known tumors in the nonem bolized liver lobes. All patients had 
measurable tumors in the left (nonembolized) liver lobes before PVE, which provided 
the opportunity to measure tumor enlargement. In four of the five patients tumor size 
increased after PVE. One patient with impaired liver function showed no increase in 
tumor volume. The authors concluded that, in patients with normal liver parenchyma, 
the growth rate of metastases is more rapid than the hypertrophy of the sur rounding 
liver parenchyma. Although the increase in tumor size in this study was impressive, 
no tumor growth rate before PVE was investigated, making it impossible to draw 
conclusions regarding direct stimulation of tumor growth by PVE. The study only 
demonstrates that tumor size can increase in the waiting period between PVE and 
resection. An increased growth rate of liver metastases as a result of portal vein 
diversion was however demonstrated in a murine model in which the portal vein to 
one side of the liver was ligated.21

Tumor increase in the nonembolized segments is of special interest in patients with 
bilateral liver metastases. Although in these patients a right hemi hepatectomy with 
simultaneous wedge resection in the left liver has been described after right PVE, the 
outgrowth of lesions in the left liver in the time between right PVE and resection poses 
a potential threat in respect with resect ability.22 A two-staged resection in combination
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Table 1. Studies describing the effect of preoperative PVE on tumor progression

Tumor type Tumor location
No. of 
patients

Increase in tumor 
volume (%) 

Increase in 
growth rate (%)

Elias et al.18 
Liver 
metastases

Nonembolized 
liver segments

5 215 % (-30%, 970%)a -

Hayashi et al.24

HCC
Embolized liver 
segments

6 -
265 %  
(200% - 746%)a

CCC
Embolized liver 
segments

2 -
116 %  
(100% - 132%)a

Kokudo et al.20 CRM

Embolized liver 
segments 

15 20.8 %b -

Both embolized 
and nonembolized 
liver segments

3

3.0% (2.5% - 6.3%)a 
(embolized)

9.7% (0.5% - 42.1%)a 
(nonembolized)

-

Barbaro et al.19

CRM
Embolized liver 
segments

6
84.4 %  
(62.4% - 562%)a -

Carcinoid 
tumor

Embolized liver 
segments

3 0 -

CRM colorectal metastasis, HCC hepatocellular carcinoma, CCC cholangiocarcinoma
a Median (minimum, maximum)
b Mean 

with PVE can successfully be applied in some of these patients.23 In the first stage 
resection removal of all tumor mass located in the (future) nonembolized liver 
segments is required before the actual PVE (or PVL) in order to prevent rapid tumor 
enlargement after portal vein occlusion.23 Subse quently, major hepatectomy can be 
performed several weeks after the portal vein occlusion. 
The time between PVE and follow-up computed tomography (CT) to recalculate FRL 
volume can also be viewed as a diagnostic window in which clinical outgrowth 
of micrometastases in the nonembolized lobe may occur. Small metastases in the 
nonembolized lobe, not detectable on a CT scan before embolization, may become 
visible after PVE as a result of the potential tumor-growth-stim ulating environment 
provided by PVE. Such a finding will render the patient unresectable or will require 
reconsider ation of management (Figure 1). 
Several studies have described the effect of preoperative PVE on progression of 
colorectal metastases in the em bolized liver segments. Kokudo et al. were the first 
to report increased proliferative activity of colorectal liver metastases.20 This is the 
largest case series concerning this issue, including 18 patients with prior PVE who 
were compared with 29 patients who were resected without PVE. One patient in the 
PVE group received preoperative intra-arterial chemotherapy. No use of neoadjuvant 
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Figure 1. Example of a patient with multiple colorectal metastases in the right liver lobe requiring an 
extended right hemihepatectomy. No lesions in segment 2 and 3 were visible (A). Due to a small FRL volume, 
PVE was performed. CT scan 3 weeks after PVE revealed multiple metastases in segments 2 and 3 excluding 
this patient from resection (B). 

che motherapy was described in the other patients. Mean tumor volume, measured 
by CT volumetry, was significantly increased by 20.8% in the 3-week interval after 
PVE. However, the growth of liver tumors in the group without PVE was not assessed, 
and tumor growth rate before PVE was not measured. Instead, the proliferation of 
metastatic lesions measured by Ki-67 labeling index after PVE was compared with 
the proliferation rate of metastatic lesions in the control group undergoing only 
resection. Ki-67 labeling index was significantly higher in the PVE group. Although 
the distribution of well, moderately, and poorly differen tiated adenocarcinoma was 
similar within the two groups, tumor size was significantly larger in the PVE group, 
which influences the Ki-67 labeling index. This study only dem onstrates that colorectal 
liver metastases continue to grow in the embolized liver lobes after PVE. The evidence 
of direct tumor growth stimulation by PVE is however cir cumstantial. Barbaro et 
al. confirmed the increase of tumor volume after PVE in patients with colorectal 
metastases.19 In contrast, no increase in tumor volume was observed in patients with 
carcinoid metastases, suggesting that tumor characteristics are important for tumor 
progression after PVE. Again no evidence is provided in this study to demonstrate 
direct stimulation of tumor growth by PVE. Figure 2 demonstrates tumor enlargement 
in the embolized segments after PVE in a patient with colorectal metastases. 
Data also exist that the growth of primary liver tumors including hepatocellular 
carcinoma (HCC) and cholangio cellular carcinoma (CCC) is influenced by PVE.24 In 
eight patients with primary liver tumors (six HCC, two CCC), rate of tumor growth 
after PVE was compared with growth rate of the same tumors in a period before 
embolization. Tumor growth rate accelerated from 0.59 cm3/day before PVE to 2.37 
cm3/day after PVE, as measured by CT vol umetry. This is the first study demonstrating 
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induction of increased tumor growth by PVE as compared with the growth rate before 
PVE in the same patients. 
In a recent study, Ribero et al. retrospectively analyzed 112 PVE patients.13 Changes in 
tumor size were measured in 80 patients, resulting in overall no increase in median 
tumor size within all patients after PVE. The change in 95% confidence interval 
after PVE indicates both an increase and a decrease in some patients. However, no 
information was provided regarding the percentage of patients with increased or 
decreased tumor size after PVE. Twenty-eight patients received chemotherapy prior 
to PVE and five patients received chemotherapy 2 weeks after PVE. No differentiation 
was made between patients with or without chemotherapy, and no tumor volumes 
were cal culated. Additional studies are therefore required to precisely assess the risk 
of accelerated tumor growth in patients receiving PVE. 

Figure 2. Example of a patient with a large colorectal metastasis in the right liver. CT scan 3 weeks after PVE 
shows a clear increase in tumor diameter. Total tumor volume increased by 42%. 

Besides reports of tumor progression after PVE, studies describe high percentages of 
patients with unresectable disease after PVE. In the study by Ribero et al. 10 out of the 
112 patients (9%) did not undergo surgery after PVE because of extra-or intrahepatic 
disease progression.13 An additional 12 patients (11%) had unexpected extra-or 
intrahepatic disease that became evident at laparotomy. Similar percentages of tumor 
progression precluding curative resection are described, with percentages ranging 
from 6.4% to 33%.8,11,25,26 A recent meta-analysis assessing the results of preoperative 
PVE reported that 85% of the evaluable patients that had undergone PVE under went 
laparotomy. Of these patients, 11.3% were unresectable due to intra-or extrahepatic 
tumor spread.1

The effect of tumor progression on disease-free and overall survival is currently elusive. 
In the study by Kok udo et al. disease-free survival at 2 and 4 years in patients who 
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had undergone PVE was significantly poorer than in those undergoing partial liver 
resection without prior PVE. However, the two groups were different with respect to 
preoperative tumor diameter and use of postoperative chemotherapy, making direct 
comparison impossible. In addition, no difference in overall survival was found. 
Azoulay et al. demonstrated similar survival rates after hepatectomy with or without 
previous PVE. Only resected patients were included in the survival analysis, and 33% of 
the patients with previous PVE were unresectable due to tumor progression. Survival 
rate in these patients was significantly poorer. 
Little evidence exists regarding the effect of PVE on the induction of distant metastases. 
Breakdown and remodel ing of the extracellular matrix takes place especially in the 
embolized, tumor-bearing liver lobes. Matrix metallopro teinases (MMPs) are most likely 
involved in this remodeling process similar to remodeling during liver regeneration.27 
MMPs have been reported to promote metastatic behavior in several types of tumors, 
including colorectal cancer.28

 

Mechanisms affecting tumor growth after PVE 
Three possible mechanisms inducing tumor growth after PVE have been proposed, 
namely changes in cytokines and growth factors, alteration in hepatic blood supply, 
and enhanced cellular host response promoting local tumor growth. 

Cytokines and growth factors 
The mechanisms underlying the atrophy–hypertrophy complex induced after PVE 
remain largely undetermined. Growth factors such as interleukin (IL)-6, tumor necrosis 
factor (TNF)-a, and hepatocyte growth factor (HGF) are upregulated and play an essential 
role during liver regen eration after partial liver resection.29 The same growth factors 
have been implicated in stimulating growth of colorectal carcinoma cells in vitro.30,31 
The HGF receptor is present in almost all human colorectal carcinomas.32 Treatment of 
human colon carcinoma cell lines with HGF stimulates cell growth and increases its 
metastatic poten tial.32,33 Experimental studies have shown an increase in IL-6, TNF-a, 
and HGF mRNA expression in the nonli gated, hypertrophied liver lobes after PVL, 
suggesting a similar role of these factors as in post-hepatectomy liver regeneration.20,34-36 
Local elevation of these growth fac tors may stimulate colorectal metastases in the 
non embolized liver segments. Interestingly, it has also been demonstrated that HGF 
and IL-6, although to a lesser extent, are upregulated in the ipsilateral liver lobes after 
PVL.20,35,36 In addition, increased tissue levels of HGF may increase plasma levels, thus 
stimulating the growth of hepatic tumors in the embolized lobe. 
A recent experimental study demonstrated that PVL induced sinusoidal perfusion 
failure along with significant hypoxia during the initial few days after PVL, resulting 
in necrosis and apoptosis in the ligated liver tissue.37 How ever, most malignant tumors 
tolerate hypoxia quite well.38 In addition, hypoxia may induce cellular changes that 
can result in more aggressive phenotypes with increased potential for local invasive 
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growth, distant tumor spread ing, and resistance to therapy.38,39 In the first days after 
PVL negative regulators of hepatocyte proliferation, such as transforming growth 
factor-b (TGF-b) and interleukin-1 (IL-1), are strongly expressed in the atrophic lobes.36 
TGF-b serves in normal tissue as a tumor suppressor by inhib iting cell proliferation. 
Many colorectal carcinomas, however, are resistant to TGF-b-induced growth inhibition. 
In advanced stages, TGF-b can even stimulate the prolif eration of colon carcinoma 
cells.40 In the late phase after ligation, tissue remodeling takes place which is 
dominated by cell proliferation.37 Hence, tumor proliferation may be promoted in 
this late phase after PVE. 

Alteration in hepatic blood supply 
Increased hepatic arterial blood flow after embolization of the ipsilateral portal branch 
is another factor potentially stimulating tumor growth after PVE. The liver has a 
dual blood supply with about 75% being contributed by the portal vein and 25% 
by the hepatic artery.41 Compensatory increased arterial perfusion, known as the 
hepatic arterial buffer response, occurs after reduction of segmental portal blood 
flow.42 Clinical and experimental studies demon strate a significant increase in hepatic 
arterial blood flow in the occluded liver lobes resulting from an increase in common 
hepatic arterial flow.37,43 After portal vein occlusion, sinusoidal perfusion is derived 
almost totally from arterial blood supply.44 Because liver tumors are mainly fed by 
the hepatic artery, the hepatic arterial buffer response potentially stimulates tumor 
growth in the embolized liver lobes. Although a very likely theory, no studies as yet 
have proven the involvement of the hepatic arterial buffer response in the induction 
of tumor growth.
 
Cellular host response promoting local tumor growth 
A third mechanism implicated in tumor growth after PVE is the local cellular response 
evoked in the embolized atrophying liver lobes.45 Studies in animal models have 
demonstrated that portal vein occlusion induces an imme diate early gene response 
in both ligated and nonligated liver lobes.35,45 Enhanced expression of several of these 
genes in the atrophying liver tissue such as heat shock protein-70 (hsp70), heme 
oxygenase-1 (hmox-1), or plas minogen activator inhibitors (PAI-1) have a cytoprotective 
effect and a role in tissue remodeling and repair.45 The same factors have been shown 
to facilitate growth and angiogenesis in solid tumors, including colon carcino mas.46-49 
The production of these factors by the surrounding liver parenchyma may in this 
manner con tribute to tumor progression. In addition, many tumors including HCC 
and colorectal carcinomas have the poten tial to express hsp70 themselves.50 In some 
tumors, expression of hsp70 has been related to cell proliferation, poor prognosis, 
and resistance to chemotherapy.50 Similar to the local parenchyma, tumor cells might 
upregulate hsp70 in response to occlusion of portal blood flow, thereby increasing 
their proliferative capacity. 
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Strategies to reduce tumor growth after PVE 
Several therapeutic strategies have been described to prevent and even reduce tumor 
progression after PVE including sequential hepatic transcatheter arterial chemo-
embolization (TACE) and PVE and post-PVE chemotherapy. 

Sequential TACE and PVE 
Studies from Japan reported that additional ipsilateral TACE before or after PVE 
improved the hypertrophy response of the FRL in patients with HCC and chronic 
liver disease.51,52 The rationale behind this combination was not only to improve the 
regenerative capacity after PVE by closing down arterial–portal shunts but also to 
reduce the risk of tumor progression secondary to the compensatory increase in 
arterial blood flow.51,53-55 Aoki et al. described a group of 17 HCC patients who underwent 
PVE 7-10 days after TACE.51 The combination generated suffi cient hypertrophy of the 
nonembolized lobes within 2 weeks. No tumor progression was noted in the waiting 
time until resection as measured by CT volumetry. Examination of the resection 
specimen revealed almost complete tumor necrosis (90-100%) in ten patients (59%). 
In the other patients, extent of necrosis was 50-80%. Ogata et al. compared a group of 
HCC patients (n = 18) under going PVE 3 weeks after TACE with a group of HCC patients 
who underwent only right-sided PVE in the same period.54 Right hemihepatectomy was 
performed 4-8 weeks after PVE. Mean increase in FRL volume and rate of hypertrophy 
were significantly higher in the group in which PVE was combined with TACE. Using 
this combi nation, complete tumor necrosis was achieved in 80% of the patients 
compared with 5% in the PVE group. In addition 1-, 3-, and 5-year recurrence-free 
survival rates were higher in the combined group. This clearly demon strates that 
TACE combined with PVE is effective in reducing tumor progression in HCC patients. 
A drawback of the combination of TACE with PVE is the risk of ischemic parenchymal 
damage. Vetelainen et al. demonstrated that simultaneous ligation of the hepatic 
artery and portal vein in rats resulted in massive liver cell necrosis with increased 
systemic inflammatory response and decreased liver function.56 An interval of 48 h 
between both procedures decreased the risk of liver injury. Nakao et al. reported, in 
a clinical study, that simultaneous hepatic arte rial and portal venous embolization 
resulted in necrosis and infarction of the embolized tissue.53 Aoki et al. used inter-
vals of 7-10 days in their clinical study and described a transient increase in liver 
damage parameters.51 Examina tion of the resection specimen showed minimal 
necrosis of the liver parenchyma in the majority of patients. Two patients however 
had segmental infarction in the embolized lobes. Ogata et al. used time intervals of 
3-4 weeks which resulted in significant increase in aspartate aminotransferase (AST)/
alanine aminotransferase (ALT) levels, however without decrease in liver function.54 
The most suitable interval between ipsilateral arterial and portal embolization in 
the clinical setting remains uncertain as well as its effect in livers compromised by 
steatosis or previous chemotherapy. 
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Although TACE is most frequently used in patients with hepatocellular carcinoma, there 
are also reports indicating its use in other liver tumors including colorectal metasta-
ses.57-59 This suggests that sequential TACE with preoperative PVE could also be potentially 
beneficial in patients with colorectal metastases. To date, however, no study has reported 
the using of sequential TACE with preoperative PVE in this category of patients. 

Post-PVE chemotherapy 
With recent development of improved chemotherapeutic agents, an increasing number 
of patients with metastatic liver disease are treated with neoadjuvant chemotherapy. 
If preoperative PVE is required, chemotherapy is discontin ued several weeks prior to 
embolization until surgery 3-4 weeks thereafter, because of its alleged negative influ-
ence on the hypertrophy response.11,60,61 This allows tumor progression to occur in 
the period in which chemotherapy is discontinued in addition to the possible tumor 
stimulat ing effects of PVE. Beal et al. reported in a retrospective study including 15 
patients, of which 10 received post-PVE chemotherapy, that hypertrophy of the FRL 
did occur in the post-PVE chemotherapy group, although significantly less compared 
with the nonchemotherapy group.60 Tumor progression was seen in four of the five 
patients without post-PVE chemotherapy, whereas tumor reduction was seen in six 
of the ten patients with chemotherapy. The group of Belghiti recently demonstrated 
no significant difference in hypertrophy response nor in postoperative complications 
when chemotherapy was continued after PVE.61 They therefore recommended not to 
disrupt a successful chemotherapy course prior to or after portal vein occlusion in 
patients with colorectal metastases. These conclusions however, are based on a series 
of 20 patients, of whom only 10 received post-PVE chemotherapy. 
Covey et al. recently confirmed that continuation of chemotherapy after PVE had no 
negative influence on the hypertrophy response in a series of 100 patients including 43 
patients with post-PVE chemotherapy.62 Interestingly, significantly more patients were 
unresectable in the post-PVE chemotherapy group. The reasons for unresectability of 
each group were not given but, overall, 23% of the patients were not resected due to 
intra-and/or extrahepatic tumor progression. This difference can be caused by a selection 
bias between the two groups because tumor size and stage were also not provided. 
Selzner et al. applied selective intrahepatic arterial (SIHA) chemotherapy combined 
with portal vein ligation for downstaging of colorectal liver metastases.63 SIHA 
chemotherapy has the advantage of a high response rate with a low rate of systemic 
toxicity. SIHA was started 3-7 days after PVL in 11 patients using a catheter positioned 
in the gastroduodenal artery with the tip at the junction with the hepatic artery. 
Chemotherapy involved serial administration of floxuridine for 2 weeks every 4 
weeks. The volume of liver metastases decreased by 60% within 3 months after PVL. 
Although this study was performed in a highly selected group of unresectable patients, 
it shows that chemotherapy is able to reduce tumor growth after ipsilateral portal 
vein occlusion. 
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Discussion 
PVE as a means to induce hypertrophy of the FRL is clearly established. Little has been 
reported, however, about the negative side-effects of PVE. Several studies have shown 
tumor progression in patients with colorectal metastases as well as in patients with 
primary liver tumors after PVE.18-20,24 Although the clinical studies clearly demonstrate 
that tumor progression is possible in both the embolized and nonembolized liver 
lobes, the evidence of direct stimulation of tumor growth by PVE is circumstantial. In 
addition the reports of increased tumor proliferation after PVE are based on limited 
case series. In a larger study, no increase in median tumor size after PVE was shown 
within the total group of 80 patients.13 However, to date, there is no information 
available on the percentage of patients with increased or decreased tumor size after 
PVE. Additional studies are therefore required to more precisely assess the risk of 
accelerated tumor growth in patients receiving PVE. 
Tumor progression after PVE creates a dilemma in terms of optimal waiting time 
until resection. The risk of tumor growth obviously demands as short as possible 
waiting time. The time interval is mainly determined by the time required to attain 
sufficient FRL volume. Usually a period of 3-4 weeks is considered sufficient based on 
CT volumetry.64 Little is known concerning the improvement of FRL function after 
PVE. One study separately assessed biliary excretion of indocyanine green by the 
embolized and nonembolized liver lobes and concluded that the functional gain in 
the nonembolized lobes was of greater magnitude than the volumetric increase.6 
Two additional studies from Japan confirmed that the increase in FRL function after 
PVE measured by technetium–99 m (

99m

Tc) galactosyl-human serum albumin (GSA) 
scintigraphy exceeds the increase in volume in cirrhotic and noncirrh otic patients.3,65 
This implies that the recommended waiting time until operation may be shorter than 
suggested by volumetric studies, which is more favorable in light of the risk of tumor 
progression after PVE. 
The combination of TACE before PVE is effective in inducing tumor necrosis and 
thereby in inhibiting tumor progression after PVE.51,53,54 There is nevertheless, a risk 
of massive necrosis with serious complications. The time interval between the two 
procedures is therefore crucial to safely undertake the combination. More research 
is needed to define which patients benefit most from sequential TACE and PVE and 
to determine the optimal time interval between both procedures. 
Neoadjuvant chemotherapy has become increasingly important in downsizing 
unresectable colorectal liver metastases and there are also data indicating its use in 
initially resectable cases.66 Continuation of chemotherapy after PVE is a concern as, 
during that time, regeneration of FRL has to take place. Since the inhibitory effect 
of che motherapy on the hypertrophy response appears to be less than previously 
assumed, there seems to be a place for chemotherapy after PVE to control tumor 
growth in patients with colorectal metastases, particularly in those who previously 
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have shown to be good responders.60,61 Systemic chemotherapy may also have the 
advantage of controlling the progression of extrahepatic disease in the waiting time 
until resection. This is an area for controlled studies to further determine the role 
of chemotherapy after PVE. 
The high percentage of patients reported to have unre sectable disease after PVE, 
allegedly due to tumor progression, is another issue. No studies are available 
concerning the follow-up of unresectable patients after PVE. The described effect of 
PVE stimulating tumor growth raises the question of whether PVE reduces survival 
in comparison with unresectable patients who did not undergo PVE. 
In conclusion, whereas PVE is an established method to increase the rate of patients 
with resectable liver tumors, several issues need to be further clarified. PVE allows 
tumor progression in both the embolized and nonembolized liver segments. Although 
clinical studies clearly demonstrate that tumor progression after PVE is possible, 
accurate data regarding the risk of tumor progression after PVE are cur rently not 
available. However, the possibility of tumor progression makes it important to 
minimize unnecessary waiting time between PVE and resection. Sequential TACE 
with PVE as well as post-PVE chemotherapy are promising strategies to control tumor 
progression after PVE. 
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