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Abstract
The resectability of hepatocellular carcinoma (HCC) has been assessed based on the liver functional test, the liver 
volume of the future liver remnant (FLR), and, more recently, the functional liver volume of FLR. Liver volume is 
estimated via multi-detector computed tomography and three-dimensional image visualization technologies, and 
functional liver volume is investigated via 99mTc-galactosyl human serum albumin scintigraphy, 99mTc-mebrofenin 
hepatobiliary scintigraphy, and gadoxetic acid-enhanced magnetic resonance imaging. Several special techniques 
have been developed to promote FLR hypertrophy, thus allowing for safe hepatectomy. As an interventional 
technique, portal vein embolization (PVE) is essential, and, along with transarterial chemoembolization or hepatic 
vein embolization, this is beneficial in promoting a much larger FLR. Dual embolization is recommended for patients 
with very small FLR or with PVE failure. Radioembolization by Yttrium-90 microspheres (i.e., radiation lobectomy) 
can help in achieving FLR hypertrophy and has an anticancer effect on HCC. Transarterial chemoembolization on 
PVE has a similar anticancer effect. Surgical procedures, such as two-stage hepatectomy as well as associated liver 
partition and portal vein ligation for staged hepatectomy, are somewhat invasive. Therefore, they should be applied 
as a salvage procedure for patients with HCC who had inadequate response to the interventional approach. 
However, the best approach should be selected mainly based on the functional volume of FLR and the patients’ 
condition; in addition, the resources of each facility should be considered.
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INTRODUCTION
Liver resection is a widely adopted curative treatment for hepatocellular carcinoma (HCC)[1,2]. The liver 
resectability of HCC is usually determined based on the preoperative liver function and future liver remnant 
(FLR) volume[3-6]. The former is assessed by indocyanine green (ICG) tolerance test, while the latter is 
assessed using computed tomography (CT) volumetry[3-7]. A clinically significant portal hypertension 
(hepatic venous pressure gradient ≥ 10 mmHg) had been regarded as contraindication to liver resection[1]. 
However, recent data show that liver resection is also safe in patients with significant hypertension 
depending on the model for end-stage liver disease score and the extent of liver resection[8,9]. In addition, 
evaluation of liver stiffness by transient elastography has been shown to have a good specificity and 
sensitivity for prediction of postoperative decompensation[10]. Limited resection is recommended for 
patients with HCC in damaged liver; however, major hepatectomy is required for HCC patients with large 
tumor, as well as accompanying ipsilateral satellite nodules and vessel invasion.

Nowadays, functional volumetry can be assessed using 99mTc-galactosyl human serum albumin (GSA) 
scintigraphy, single-photon emission computed tomography (SPECT), 99mTc-mebrofenin hepatobiliary 
scintigraphy, and gadoxetic acid (Gd-EOB-DTPA) enhanced magnetic resonance imaging[11-15]. Segmental 
liver function can then be investigated using these images.

To promote FLR hypertrophy, several interventional and surgical approaches have been developed. Portal 
vein embolization (PVE) is one method used to obtain a larger FLR volume to expand the safety zone of 
hepatic resection without increasing morbidity and mortality[16-22]. In patients with HCC, PVE has other 
oncological advantages such as the prevention of intraportal metastases, the avoidance of extension of portal 
vein tumor thrombosis to the non-embolized area, and the augmentation of the antitumor effect of 
transarterial chemoembolization (TACE)[23-25]. Moreover, additional TACE and hepatic vein embolization 
(HVE) during PVE can promote a greater increase in FLR in comparison with PVE alone[26-35]. On the other 
hand, radiation lobectomy (RL) with internal radiation therapy by Yttrium-90 microspheres is a novel 
treatment that can achieve hypertrophy of FLR as well as be therapeutic for HCCs in the embolized 
liver[36-38]. For patients with bilateral unresectable HCCs, surgical approaches such as one-stage hepatectomy 
following PVE, two-stage hepatectomy (TSH), and associated liver partition and portal vein ligation (PVL) 
for staged hepatectomy (ALPPS) are performed[39-43].

This review summarizes the therapeutic methods that promote hepatic hypertrophy of FLR with the goal of 
safely meeting the indication for hepatectomy.

ASSESSMENT OF FUTURE LIVER REMNANT
FLR is usually assessed via CT volumetry[3-6]. Nowadays, preoperative simulations of the resected liver area 
volume can be correctly estimated with the use of three-dimensional image visualization technologies[44-46], 
such as the SYNAPSE VINCENT medical imaging system (Fujifilm Medical, Tokyo, Japan), a popular 
method for three-dimensional visualization and virtual liver resection.
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In East Asia, especially in Japan, functional volumetry using 99mTc-GSA scintigraphy SPECT has been 
developed to assess partial liver function in patients undergoing PVE, followed by liver resection[47-50]. The 
liver is the only uptake site of 99mTc-GSA, making it a suitable agent for the assessment of liver function. 
Furthermore, the uptake of 99mTc-GSA is not affected by high levels of serum bilirubin. We recently 
established a novel combined 99mTc-GSA scintigraphy SPECT/CT fusion system that can more accurately 
determine functional liver volume[51] [Figure 1].

Perioperative changes in functional liver volume are also estimated via 99mTc-hepatobiliary scintigraphy[52-54]. 
The hepatic uptake of mebrofenin can be calculated similar to ICG, and, thus, the mebrofenin uptake rate 
strongly relates with the ICG clearance test. The combination of dynamic hepatobiliary scintigraphy and 
SPECT-CT can provide accurate quantitative information regarding segmental FLR function[54]. 
Hepatobiliary scintigraphy is widely used mainly in Western countries, but it is not usable for patients with 
hyperbilirubinemia. Furthermore, preoperative measurements of 99mTc-GSA and 99mTc-mebrofenin uptake 
in the FLR are both more accurate in predicting postoperative liver failure and liver-related mortality 
compared to preoperative FLR volumetry by CT[52-55].

Gd-EOB-DTPA-enhanced MRI allows for the assessment of both liver anatomy and function[14,15]. 
Meanwhile, quantitative multiparametric MRI can help in assessing individualized patient risk as part of the 
clinical decision-making process for liver cancer surgery[56]. However, the use of Gd-EOB-DTPA-enhanced 
MRI for the assessment of segmental liver function is still under debate. There are still some technical 
difficulties regarding the molar quantity of tracer required for visualization on MRI, as well as issues 
concerning the definite quantification of function[54]. If these problems were resolved, Gd-EOB-DTPA-
enhanced MRI might become the first choice for imaging because the MRI machine is more widely 
available than the two types of scintigram machine.

STRATEGIES TO PROMOTE HEPATIC HYPERTROPHY
PVE can be considered first-line therapy[20-24], and additional TACE or HVE is recommended for patients 
with insufficient FLR after PVE alone or for those with very small initial FLR[26-35]. PVE + TACE and RL had 
definite advantages when treating HCC in the embolized liver[27-30,36-38]. Surgical procedures should be strictly 
applied based on the FLR functional reserve as a salvage option in selected patients with HCC in whom the 
interventional approach has been unsuccessful[42].

PORTAL VEIN EMBOLIZATION
PVE for HCC was first introduced in 1986 by the Osaka City University group in Japan[16]. It was developed 
mainly to achieve hypertrophy of the FLR together with the atrophy of the embolized liver. The liver 
parenchyma is nourished by a dual blood supply of the hepatic artery and portal vein and has arterioportal 
communications, allowing PVE to be safely performed without liver infarction[57]. Patients with large HCCs 
sometimes have portal tumor thrombus, so they usually do not need PVE. However, patients with HCC 
demanding PVE can exist when extensive resection is required in comparison with their liver functional 
reserve[22-25].

The summarized volume data of PVE in Table 1 are limited to papers including only patients with HCC. 
The median percent of nontumorous remnant liver volume (%LV) before PVE was 37% (23%-39.5%), the 
median increment of %LV was 11% (10.2%-17.2%), and the median interval between pre- and post-PVE 
evaluation was 24.5 (21-45) days. Differences in embolic materials, embolization procedures, or assessment 
time may have influenced these results. Incomplete obstruction or recanalization rates were relatively low in 
patients who underwent PVE with ethanolamine oleate or absolute ethanol[58-60]. These embolic materials 
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Table 1. Changes in liver volume for patients with hepatocellular carcinoma undergoing portal vein embolization

Ref. Publish year No. of patients Pre-PVE %LV Increment of %LV Interval of PVE to CT evaluation (days)

1 Tanaka[23] 2000 33 37 12 21

2 Palavecino[20] 2009 21 23 10.8 NA

3 Okabe[24] 2011 19 37.8 17.2 28

4 Siriwardana[21] 2012 34 23 11 45

5 Beppu[22] 2016 148 39.5 10.2 21

Median (range) 33 (19-148) 37 (23-39.5) 11 (10.2-17.2) 24.5 (21-45)

LV: Non-tumorous remnant liver volume; PVE: portal vein embolization; NA: not available.

Figure 1. Fusion images of the 99mTc-GSA scintigraphy SPECT/CT before and after portal vein embolization (PVE). The non-embolized 
liver (left) became hypertrophic and hyperfunctional after PVE (right). The blue line is the cutting line of right hepatectomy.

can permit rapid and absolute damage of the portal vein vascular endothelium.

Liver regeneration was accomplished in a two-step manner after PVE, followed by major hepatectomy[61,62]. 
Liver regeneration and atrophy can also be assessed by both CT volumetry and functional volumetry with 
99mTc-GSA scintigraphy SPECT/CT fusion system[51]. PVE may be able to not only achieve a larger FLR 
volume but also preserve a larger functional volume of the FLR[47-51]. Our study[51] clearly demonstrated that 
the increment of the %LV was 13.9% and the increment of functional liver volume (%FLV) was 21.4% in 
patients undergoing right PVE. Before PVE, the correlation between the %LV and the %FLV was almost 
equivalent with a regression coefficient of 1.005 (P < 0.0001). By contrast, after right PVE, there was a strong 
significant correlation between %LV and %FLV, but the regression coefficient was 1.192 (P < 0.0001). The 
%FLV is estimated to be about 20% larger than the %LV after successful right PVE. Thus, the true liver 
function post-PVE can be possibly underestimated by traditional CT volumetry.

ADDITIONAL TRANSARTERIAL CHEMOEMBOLIZATION ALONGSIDE PORTAL VEIN 
EMBOLIZATION
For patients with HCC, TACE was additionally performed alongside PVE to increase FLR volume and/or to 
avoid tumor progression during the waiting period for major hepatectomy[26-31]. There are currently no 
randomized controlled trials in this field. The pre-PVE %LV were comparable across both groups [Table 2]. 
On the other hand, the increments of %LV were significantly larger in the PVE + TACE group compared 
with PVE alone. The resectability rate was relatively high in the PVE + TACE group compared with PVE 
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Table 2. Liver hypertrophy after hepatectomy for hepatocellular carcinoma patients undergoing PVE + TACE vs. PVE alone

Ref. No. of 
patients

Preoperative 
therapy

Pre-PVE 
%LV 
(range)

Increment 
of %LV

Comparison 
of data 

Resection 
rate (%)

Comparison 
of data

Interval of 
PVE and HR 
(days)

18 PVE + TAE 30 ± 6 (21-
43)

12 ± 5 NA 371 Ogata[27], 2006

18 PVE alone 29 ± 5 (23-
40)

8 ± 4

P = 0.013

NA

NA

40

71 PVE + TAE 41.4 ± 7.3 7.3 ± 3.6 96 292 Yoo[28], 2011

64 PVE alone 40.3 ± 8.1 5.8 ± 4.5

P = 0.035

91

P = 0.307

31

23 PVE + TAE 529 (240-
1450)#

43 (11-138)* 91 483 Terasawa[29], 
2020

28 PVE alone 568 (253-
1227)#

31 (4-72)*

P = 0.035

68

P = 0.08

47

109 PVE + TAE 34 17.5 ± 6.6 NA 394 Park[30], 2020

38 PVE alone 34 12.1 ± 5.9

P = 0.001

NA

NA

23

#Future remnant liver volume (mL). *The percentage of future remnant liver volume. P value was calculated with Student’s t test and 
nonparametric Wilcoxon test. PVE: Portal vein embolization; TACE: transarterial chemoembolization; LV: non-tumorous remnant liver volume; 
HR: hepatic resection; NA: not available.

alone, but this was not statistically significant. Morbidity was similar in the two groups. The interval of PVE 
and hepatectomy was comparable, except for one paper showing a shorter period in the PVE-only group[30].

Sequential TACE and PVE are usually performed with TACE first and then PVE after an interval of 2-3 
weeks[26-30]. By contrast, we have been recommending an inverted order of PVE first and then TACE 
afterward[24,25] for two reasons: (1) the degree of FLR hypertrophy depends on the interval between PVE and 
hepatectomy; and (2) PVE is necessary to achieve complete obliteration of portal vein, so PVE after TACE 
can perform liver infarction.

Moreover, excessive TACE followed by PVE could result in liver infarction or abscess. In the PVE-first 
approach, however, TACE can be performed delicately with minimal arterial obstruction of the surrounding 
liver tissue that has undergone PVE.

ADDITIONAL HEPATIC VEIN EMBOLIZATION ON PVE (HPVE)
Combined preoperative PVE and HVE (known as HPVE) has recently been introduced mainly for 
colorectal liver metastases and perihilar cancer[32-34]. One systematic review[32] containing 68 patients 
undergoing HPVE has been published. HVE was performed via the transjugular approach, except in one 
case that used the transhepatic approach. In total, 43 (63.3%) patients were treated with sequential HVE 1-4 
weeks after PVE due to an insufficient increase of FLR, whereas 25 (36.7%) patients were treated with 
simultaneous PVE and HVE. The median interval between HPVE and hepatectomy was 21-49 days in 
simultaneous patients with HPVE. Sequential HPVE allows for delayed liver resection because two 
procedures are performed in the patient. HPVE was performed successfully in all patients with no mortality 
and morbidity. The hypertrophy rates of the FLR after HPVE ranged from 33% to 63.3%. Liver functional 
volume assessed via 99mTc-mebrofenin SPECT/CT following simultaneous HPVE demonstrated a high 
increase of 64% (28.1%-107.5%) in the FLR function. Major liver resections after preoperative HPVE were 
performed in 85.3% of patients. The postoperative morbidity and mortality rates were 10.3% and 5.1%, 
respectively. Unfortunately, in this review, patients’ HCC and cirrhosis were rarely included, only 
comprising 5/68 (7.4%) and 4/68 (6%) of patients, respectively.
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A retrospective comparative study of HPVE and PVE has been published, which included 31 patients who 
underwent HPVE and 41 who underwent PVE alone[33]. HVE was conducted immediately after the 
completion of PVE. HVE was performed using the vascular plug, which was 80%-100% wider than the 
hepatic vein. CT volumetry was performed before and three weeks after HPVE. The mean percentage of 
FLR hypertrophy from baseline (%FLR hypertrophy) in the HPVE group was significantly higher than that 
in the PVE group (51.2% vs. 31.9%, P = 0.018). On multivariate analysis, HPVE was found to be one of the 
independent factors to obtain greater FLR. The kinetic growth rate was defined as the mean degree of 
hypertrophy divided by the number of weeks. The mean kinetic growth rates were 19% and 8% per week in 
the HPVE and PVE groups, respectively (P = 0.026). Intra- and post-operative outcomes were comparable 
in the HPVE and PVE groups, and there were no specific complications related to the HVE procedure. 
However, it is important to note that HPVE could pose a higher high risk for intraoperative bleeding and 
postoperative morbidity after major hepatectomy compared to PVE alone because of the increased number 
of vascular collaterals between the right and left liver after HVE.

A newer study consisting of 21 patients treated with HPVE and 39 treated with PVE alone[34] demonstrated 
that the median FLR hypertrophy rate was larger in the HPVE group (135%, interquartile range: 123%-
154%) than in the PVE group (124%, interquartile range: 107%-140%). The degree of hypertrophy did not 
differ according to tumor type. The median kinetic growth rate was larger in the HPVE group as well 
(2.9%/week, interquartile range: 1.9%-4.3% vs. 1.4%/week, interquartile range: 0.7%-2.1%; P < 0.001). 
Dropout rates were marginally significantly lower in the HPVE group compared with the PVE-only group 
(5% vs. 23%, P = 0.053).

More recently, an international multi-center study (DRAGON trial)[35] was published comparing 39 patients 
undergoing simultaneous HPVE and 160 PVE alone. This study included 18% and 30% of patients 
undergoing TSH in the HPVE and PVE groups, respectively. The HPVE group had greater hypertrophy 
(59% vs. 48%, P = 0.020) and resectability (90% vs. 68%, P = 0.007) than the PVE group. Major complications 
(26% vs. 34%, P = 0.550) and 90-day mortality (3% vs. 16%, P = 0.065) were equivalent.

Nowadays, simultaneous rather than sequential HPVE is recommended for patients with a high risk of PVE 
failure (i.e., patients with a small FLR volume and underlying injured liver)[32]. However, HPVE on patients 
with cirrhosis should still be applied carefully because HPVE can cause portal hypertension-related 
complications, such as ascites or variceal bleeding, and carries a risk of portal vein thrombosis. Sequential 
HPVE is recommended only for patients needing “rescue” (i.e., those with insufficient FLR even after a 
complete PVE). HPVE is an excellent interventional method to obtain a larger FLR compared with PVE 
alone. HPVE can be performed via a percutaneous approach under local anesthesia, so it is thought to be 
less invasive than surgical approaches, including ALPPS. Prospective comparative studies are needed to 
validate this claim.

RADIATION LOBECTOMY
RL with glass microspheres loaded with Yttrium-90 (TheraSphere, Nordion, Canada) was first introduced 
in 2013 with the goal of increasing the FLR rates and potentially controlling the liver tumors in the treated 
lobe[36]. In total, 83 patients (HCC; n = 67) with right unilobar liver tumors were evaluated. The FLR 
hypertrophy was assessed before and after Y90 radioembolization via dynamic CT/MRI. FLR hypertrophy 
was observed one month after radioembolization (P < 0.001), and this was consistent at all follow-up time 
points. The median %FLR hypertrophy reached 45% (5%-186%) after nine months (P < 0.001). Among 67 
patients with HCC, three underwent successful right lobectomy, while six underwent liver transplantation. 
There was a significant reduction in median tumor volume from 134 to 99 mL at three months (P = 0.02) 
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and 56 mL after nine months. The authors concluded that unilobar Yttrium-90 RE is a beneficial alternative 
procedure to PVE before major liver resection.

On the other hand, RL for liver metastases showed contrary results. Patients with right-side liver metastases 
only were treated with right-lobar PVE (n = 141) or right-lobar RL (n = 35)[37]. In total, 26 matched pairs of 
background factors were identified. FLR volume significantly increased from baseline in patients 
undergoing PVE compared to RL (61.5% vs. 29%, P < 0.001). The follow-up period was longer for patients 
with RL as well [median, 33 (24-56) days vs. 46 (27-79) days]. In this study, more patients were ineligible for 
curative hepatectomy in the RL group. However, the authors concluded that RL is one of the suitable 
modalities for the selected patients because RL can cause contralateral hypertrophy and can minimize the 
risk of tumor progression in the embolized lobe.

A comparison between short- and long-term outcomes after preoperative PVE and Yttrium-90 RL was 
conducted in 95 patients with HCC with chronic liver disease[38]. There were 73 patients who underwent 
PVE and 22 patients who underwent RL. In summary, 47% of patients before PVE required additional 
procedures for tumor control and 27% of patients after RL required additional procedures to induce further 
hypertrophy. Both therapies achieved the goal of FLRs > 40%, but the degree of hypertrophy was 
significantly higher for patients with RL (68% vs. 36%, P < 0.01). Tumor response was significantly better 
with RL, which achieved a complete response in 50% of patients. Meanwhile, the resectability rate was 
higher after PVE (85% for portal vein embolization and 64% for RL, P = 0.03). Tumor progression was the 
most common reason precluding surgery. Surgery was not pursed in 18% of patients after RL because 
complete tumor control was already achieved. After an intention-to-treat analysis, in patients with initially 
resectable HCC, five-year survival was significantly better after PVE than after RL (52% vs. 71%, P < 0.01).

RL is not able to achieve all therapeutic goals, but it can increase liver resectability by inducing hypertrophy 
of FLRs even for patients with HCC and chronic liver disease. Furthermore, RL monotherapy might provide 
a better response compared to PVE.

SURGICAL PROCEDURES
For patients with bilateral unresectable HCCs, one-stage hepatectomy following PVE, TSH, and ALPPS are 
available options[39-43]. The first step of TSH includes tumor enucleation of the FLR, followed by PVE or 
PVL, and the second step involves major hepatectomy. ALPPS is a novel operative procedure consisting of 
two steps: PVE or PVL and liver transection with or without tumor enucleation from the FLR, followed by 
major hepatectomy.

ALPPS vs. PVE focusing on to HCC
In a systematic review for HCC[41], the increment in increase of FLR volume was smaller in patients with 
cirrhosis compared to patients without cirrhosis treated with PVE (24.4%-38.4% vs. 39.4%-49.6%). In 
patients with cirrhosis undergoing ALPPS, the increment in increase of FLR volume was relatively larger 
(38.1%-71.1%) and the waiting time for hepatectomy was relatively shorter (6-14 days). ALPPS can clearly 
result in the shortest waiting time in comparison with not only PVE but also other interventional and 
surgical procedures[22-32,36,41]. PVE can provide relatively good liver regeneration even for patients with HCC 
concomitant with cirrhosis. Thus, cirrhotic patients are not contraindicated for PVE.

When ALPPS was first started, it was known to have major disadvantages such as high morbidity and 
mortality[63]. Recently, however, the improvement in the selection of patients and the appearance of less 
invasive modifications from the original technique has improved the results[64,65]. The complete and partial 
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split in ALPPS were compared in patients with HCC, and the complete split was found to significantly 
induce a larger growth in FLR volume vs. partial split in chronic hepatitis from the viewpoint of gain in FLR 
ratio and daily hypertrophy rate[66]. Even though the complete split induced FLR hypertrophy more rapidly 
than partial split in cirrhosis (hypertrophy rate 32.2 mL/day vs. 16.9 mL/day), the difference was less for 
patients with cirrhosis (%FLR increment: 14.8% vs. 11.0%) than for patients with chronic hepatitis (%FLR 
increment: 18.1% vs. 11.3%). Two novel concepts have been developed with respect to classic ALPPS: (1) 
partial division of the liver parenchyma (partial ALPPS and mini ALPPS); and (2) no division of the liver 
parenchyma (ALPPS-Tourniquet, radiofrequency ablation, and microwave ablation)[67-71].

Recently, the clinical benefits were debated for ALPPS and conventional hepatectomy after PVE in 
hepatitis-related HCC patents[42]. A total of 148 patients with HCC (hepatitis B: 92.0%; liver cirrhosis: 56.5%) 
underwent FLR modulation (46 ALPPS and 102 PVE). The completion rate of hepatectomy in patients with 
ALPPS was significantly higher compared to that of patients with PVE (97.8% vs. 67.7%, P < 0.001). Patients 
undergoing ALPPS had greater increment in FLR/estimated standard liver volume (12.3% vs. 9.2%, P = 
0.02), greater absolute FLR volume increment (48.8% vs. 37.9%, P = 0.03), and shorter time to hepatectomy 
(6 days vs. 48 days, P < 0.001). %FLR hypertrophy was larger in chronic hepatitis than in liver cirrhosis 
(52.7% vs. 32.5%, P = 0.025). There was no difference in morbidity (20.7% vs. 30.4%, P = 0.159) and mortality 
(6.5% vs. 5.8%, P = 1.000) between patients who underwent ALPPS and those who underwent hepatectomy 
following PVE. The five-year OS for patients with ALPPS and PVE was not significantly different as well 
(46.8% vs. 64.1%, P = 0.234). The authors concluded that ALPPS was recommended as a salvage option in 
selected patients with HCC and chronic liver disease.

Functional volumetry for various liver tumors, ALPPS vs. PVE
FLR volume and function were compared in patients with liver tumors, including HCC after PVE and 
ALPPS[43]. In total, 72 patients were included: 51 underwent PVE, 12 underwent complete ALPPS, and 9 
underwent partial ALPPS (including seven with the laparoscopic approach). Multiphase contrast-enhanced 
CT and 99mTc-mebrofenin hepatobiliary scintigraphy were used to assess FLR volume and function, 
respectively. The median increase in FLR function was 1.8, 2.5, and 1.7 times greater than the median 
increase in FLR volume for PVE, patients with first complete ALPPS, and partial ALPPS, respectively (P < 
0.001, P = 0.007, and P = 0.441). The kinetic growth rates for FLR function were significantly higher in the 
patients with both complete ALPPS (16.7%, P = 0.002) and partial ALPPS (9.3%, P = 0.03) compared to the 
PVE group (4.9%). The time to achieve a sufficient hypertrophy response was shorter in both ALPPS groups 
(8 and 10 days) than the PVE group (23 days). Among patients undergoing hepatectomy, severe 
postoperative complication rates (18%, 30%, and 17%) and 90-day mortality rates (2%, 25%, and 0%) were 
comparable. A laparoscopic partial ALPPS is preferred based on lower morbidity and mortality rates and 
equivalent functional and volumetric hypertrophy ability.

ALPPS vs. TSH for various liver tumors
A systematic review was conducted comparing the current status of ALPPS vs. TSH for various liver tumors, 
partially including HCC[39]. TSH is not a common procedure for HCC unlike for colorectal liver metastases. 
By contrast, ALPPS can provide a more marked hypertrophy rate (50%-80% vs. 10%-40%), a shorter interval 
between first and second hepatectomy (7-11 days vs. 20-103 days), and a higher resection rate (80%-100% 
vs. 60%-90%) vs. TSH. Compared to patients with normal liver, patients with HCC and chronic liver disease 
had lower increases in FLR per day (5%-19% vs. 9%-35%) and less extensive hypertrophy increase in FLR 
volume (40%-47% vs. 76%-138%). For patients with portal invasion to the right portal vein, PVE is neither 
technically feasible nor effective, but PVL and ALPPS can help in inducing hypertrophy in HCC cases with 
portal tumor thrombus. Successful cases have been reported, indicating technical feasibility[72,73].
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ALPPS for HCC vs. colorectal liver metastasis
The short-term outcome of ALPPS was assessed according to the types of liver tumors [35 patients with 
HCC vs. 225 patients with colorectal liver metastasis (CRLM)]. All patients were registered in the 
international ALPPS Registry (www.alpps.org) from 2010 to 2015[74]. In this study, hypertrophy was also 
rapid and extensive for patients with HCC, but the rates were lower than those for the patients with CRLM 
(47% vs. 76%, P < 0.002). Hypertrophy had a negative correlation with the degree of liver fibrosis. The 90-
day mortality of ALPPS used to treat HCC was almost five times higher than that of CRLM (31% vs. 7%, P < 
0.001). Multivariate analysis demonstrated that patients older than 60 years had a significantly worse overall 
survival (P < 0.004). The authors declared that ALPPS should be performed only in a thoroughly screened 
patient with HCC population younger than 60 years with low-grade fibrosis.

CONCLUSIONS
Assessment of FLR function is recently being conducted via 99mTc-GSA scintigraphy SPECT, 99mTc-
mebrofenin hepatobiliary scintigraphy, and Gd-EOB-DTPA MRI. Functional assessment after FLR 
modification can provide an extended indication for major hepatectomy without increased morbidity and 
mortality[54-56]. PVE can be considered first-line therapy, and additional TACE or HVE is recommended for 
patients with insufficient FLR after PVE. Surgical approaches are highly invasive procedures; therefore, they 
should be strictly applied mainly for selected patients with HCC in whom the interventional approach 
shows insufficient results[42].
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