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Chapter 3  Surgery 

 Introduction 

Malignant tumors are removed by surgical treatments such as liver resection and liver 

transplantation, which are the most reliable treatments for local control. In the Report of the 18th 

Follow-Up Survey of Primary Liver Cancer in Japan (2004–2005) (L3H000041)), it was reported 

that operative mortality was 0.7%, with a safety comparable with that of other gastrointestinal 

surgeries. For this revised edition of the guidelines, English-language documents published 

between 2008 and 2011 were searched using the key words “hepatocellular carcinoma” and 

“surgery,” and 2,898 original articles served as the basis of CQs and discussions. Table 1 shows 

the changes in CQs for Chapter 3. 

Preoperative liver function evaluation plays the unrivaled role in determining indication of surgery, 

and new evidences have emerged that guarantees the safety of liver resection from liver damage. 

A new CQ was created for liver resection procedures with a comprehensive view of standard 

hepatectomies. Herein we describe the various aspects of evidence related to liver resection in 

Japan. 

Prognostic factors have not been corrected in the CQs of any previous edition, and new evidence 

is now introduced for the long-term outcomes of liver resection. However, because both 

recommendations are no better than Grade B, it is anticipated that more prospective studies will be 

conducted in Japan. 

A new CQ was established for perioperative care. In this new CQ, the pros and cons of abdominal 

drainage are addressed in addition to those of blood transfusion and hemorrhage control. Many of 

the adopted RCTs were non-Japanese and were conducted under conditions different from those 

in Japan in some aspect. Therefore, it is hoped that studies more suited to our clinical environment 

will be conducted in Japan. 

Chapter 8 on is a new addition to this version, in which we discuss the post-treatment prevention 
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of recurrence. In this chapter, adjuvant therapies are narrowed down to neoadjuvant chemotherapy 

and discussed. Prospective studies on postoperative adjuvant chemotherapies, with primary focus 

on molecular target drugs, are currently in progress, and the results are highly anticipated. 

Liver transplantation was discussed in two carefully selected CQs on tumor downstaging and 

indications for transplantation. Conventional prognostic factors and comparisons with liver 

resection have been consolidated into one section concerning indications for liver transplantation 

(CQ31). Details can be found in the “Introduction” from Section 5 (p. 103). 

These guidelines are not meant to limit or force clinical decisions; rather, it is hoped that each CQ 

will be used as a reference for selecting appropriate treatment methods. In addition, only a few 

prospective studies with a high level of evidence have been conducted in Japan. Therefore, it is 

anticipated that new findings pertaining to surgeries will be released in the future.  

 

 Document Selection 

English articles published between 2008 and 2011 were searched using the key words 

“hepatocellular carcinoma” and “surgery.” The search resulted in 2,898 original reports, which 

served as the basis for formulating guidelines. For newly set CQs, the search was repeated, and 

documents were selected using the same methods used for the 2005 and 2009 editions. 

 References 

1) L3H00004  Kudo M, Arii S, Ikai I, Omata M, Koujiro M, Sakamoto M, et al. Report of the 

18th Follow-Up Survey of Primary Liver Cancer in Japan (2004─2005) (The Liver Cancer 

Center Study Group of Japan). Hepatology Research 2010; 51(8):460-84. 

  

Table 1  Changes in CQs for Chapter 3: Surgery 

 2005 2009 2013 

Indications for Surgery/Surgical Procedures 

Preoperative liver function 

evaluation 
● ● ● 
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 2005 2009 2013 

Small liver cancer 

treatment 
●   

Extensive resection ●   

Resection range  ●  

Treatment for recurrence ● ●  

Standard liver resection   ● 

Preoperative tumor 

evaluation 
  ● 

Prognostic factors 

Postroperative prognostic 

factors 
● ● ● 

Surgical margin ● ● ● 

Anatomical resection ● ● ● 

Perioperative care 

Blood transfusion ● ● ● 

Blood loss ● ● ● 

Surgical drainage   ● 

Adjuvant therapy 

Neoadjuvant therapy ● ●  

Postoperative adjuvant 

therapy 
● ●  

Neoadjuvant 

chemotherapy 
  ● 

Postoperative adjuvant 

chemotherapy 
  ● 

Liver transplantation 

Pretransplant TAE ●   

Pretransplant treatment  ●  

Downstaging   ● 

Indications for 

transplantation 
  ● 

Post-transplant prognostic 

factors 
● ●  

Comparison with liver 

resection 
● ●  

Treatment of recurrence ●   

Background disease and 

transplantation 
 ●  
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Section 1  Indications for Surgery/Surgical Procedures 

CQ19  What assessment modalities are appropriate for evaluating liver function prior to 

liver resection?  

What are the indications for surgery from the perspective of liver function? 

Recommendation 

Preoperative assessment of liver function should include measurement of the indocyanine green 

retention rate at 15 min (ICG-15) as well as general liver function tests. Surgery is indicated 

depending on the balance between these values and the planned extent of liver resection (Grade 

B). 

  

 Scientific Statement 

The Child classification* and its modified version, the Child–Pugh classification*, have been used 

worldwide to classify hepatic functional reserve for preoperative evaluation of liver function. 

Although this classification was originally designed to determine whether surgery is indicated for 

patients with gastroesophageal varices, it is an excellent semiquantitative method for assessing 

and classifying hepatic functional reserve. Scoring involves a point system with five parameters 

derived from basic clinical symptoms and blood test results. Of these five parameters, ascites is 

particularly considered to be an indicator of portal hypertension, and if not controlled well, surgery 

is contraindicated. Platelet counts have also long served as an indicator of portal hypertension, and 

it has been reported that a low preoperative platelet count (less than 150,000/μL) is a risk factor 

for postoperative complications, hepatic failure, and postoperative death (L3F013851) Level 3). In 

addition, Bruix et al. studied 29 patients with Child–Pugh class A cirrhosis who underwent 

resection for HCC. Preoperative portal venous pressures were measured using the hepatic venous 

pressure gradient (HVPG), and the results of multivariate analysis showed that HVPG was the 

only factor that contributed to postoperative liver failure (LF005142) Level 3). In western countries, 
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patients with Child–Pugh class B and C disease are generally contraindicated for surgery; however, 

in light of these latest findings, they are now advocating criteria that rule out liver resection for 

patients with Child–Pugh class A disease and coexisting portal hypertension. These criteria have, 

in fact, been adopted in liver cancer treatment guidelines in western countries (L3H000183)). To 

the contrary, Cucchetti et al. conducted a study comparing outcomes after liver resection between 

patients with and without portal hypertension, and their results showed no significant difference in 

postoperative mortality rate or complication rate. In addition, they demonstrated that h liver 

resection of two or more segments (Couinaud classification) is not contraindicated in patients with 

portal hypertension (L3F013214) Level 2b). Japanese reports also argue that there is no increase in 

postoperative complications if less invasive resection procedures are selected even in patients with 

portal hypertension; therefore, liver resection is not contraindicated, even in HCC patients with 

portal hypertension (L3F021745) Level 2b). 

On the other hand, quantitative evaluation of preoperative liver function can be performed using 

galactose tolerance tests, 99mTc-GSA liver scintigraphy, ICG-15, amino acid clearance, and the 

aminopyrine breath test. Galactose tolerance testing was performed for 258 patients who 

underwent liver resection (6 postoperative deaths, 2%), of which 78 had HCC. The galactose 

elimination capacity (GEC) served as a useful prognostic factor for postoperative complications 

and death, and similar results have been confirmed in HCC patients (LF120846) Level 2b). It has 

been reported that 99mTc-GSA liver scintigraphy is superior for evaluating histological liver 

damage compared with ICG-15 (LF004577) Level 4). An increasing number of studies 

investigating the ability of ICG clearance have demonstrated its usefulness as a predictor of 

postoperative death. A study examining 127 HCC-resected patients revealed that ICG-15 is a 

better predictor of postoperative death compared with amino acid clearance or aminopyrine breath 

testing (LF004418) Level 2a). Furthermore, a study examining the safety of extensive liver 

resection of two or more segments showed that, in patients with cirrhosis, an ICG-15 of 14% was 

a useful cut-off value for predicting in-hospital mortality (LF005689) Level 2b). In fact, ICG-15 
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has been adopted by the Liver Cancer Study Group of Japan as a factor for evaluating liver 

damage (LF1208810) Level 5) and is a standard test for assessing preoperative liver function. 

Yamanaka et al. devised a prediction score for liver failure to be used as a criterion for surgery. 

Scores were based on ICG-15, the extent of liver resection, and patient age (L3H0003411)) Level 

4). These criteria were further verified in 376 patients with HCC and 58 patients with metastatic 

liver cancer in their study, and it was reported that the fulfillment of these criteria accurately 

predicted postoperative death (LF0063212) Level 2b). Takasaki et al. have also proposed different 

criteria that set, tolerable extents of liver resection according to individual ICG clearance values 

(L3H0003713) Level 4). These criteria were also confirmed in 98 patients who underwent liver 

resection, and it was demonstrated that incidences of liver failure after liver resection and death 

were 2% and 0%, respectively, in patients who met the criteria and 23% and 1%, respectively, in 

those who did not (L3F0130014) Level 2b). Makuuchi’s criteria is widely applied in Japan 

(LF0185815) Level 4) and uses ascites, total serum bilirubin levels, and ICG-15 to determine 

whether liver resection is indicated or contraindicated as well as the tolerable extent of resection. 

Liver resection was performed in 1,056 patients who met the criteria, and the reported operative 

mortality was 0% (L3H0003616) Level 4).  

 Explanation 

Liver resection requires an even stricter assessment of hepatic functional reserve. Emphasis has 

been placed on the importance of conducting quantitative tests such as load tests in addition to 

qualitative evaluations such as general clinical tests. Nevertheless, no method for the quantitative 

evaluation of liver function can accurately determine liver function if used alone. The use of a 

single method enalbes the evaluation of only a single aspect of the liver, which has a wide range of 

functions. Ultimately, a comprehensive assessment of liver function, including blood test and 

imaging findings, is essential in addition to other tests. 

There are many studies on ICG-15 as a quantitative test used in combination with blood tests and 

regular clinical data for preoperative liver function assessment. When performing liver resection, 
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it is recommended that operability be determined on the basis of the balance between the 

estimated degree of liver damage and the extent of liver resection. Therefore, criteria that indicate 

the relationship between hepatic functional reserve and the permissible extent of liver resection are 

being proposed, mostly in Japan. Although these criteria have been verified according to reports of 

patients treated first-hand, their external validation is pending, which will be a future issue to be 

resolved. According to a follow-up study performed by the Liver Cancer Study Group of Japan, 

the operative mortality rate associated with liver resection in liver cancer patients in Japan was 

0.8% (LF1208917) Level 2a). However, an analysis of 54,145 liver cancer patients in the Diagnosis 

Procedure Combination (DPC) database revealed an in-hospital mortality rate of 2.6% 

(L3H0003918) Level 2b). From a criteria evaluation standpoint, if one assumes the operative 

mortality rate to be ≤3% for liver cancer resection in Japan, and if the end-point is postoperative 

death, evaluation and verification of these criteria are not practical, ethical, or realistic in terms of 

liver function. The aforementioned reports also indicated a difference in in-hospital mortality 

associated with hospital volume. Futhermore, it was reported that the mortality rate in 

high-volume hospitals was 1.55%, whereas that in low-volume hospitals was higher at 4.04%. 

Therefore, hospital volume must also be taken into consideration when determining the 

indications for surgery (L3H0003918) Level 2b). 
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 (Footnote) 

*: The Child classification was originally termed the Child–Turcotte classification. The revised version by Pugh 

was the Child–Turcotte–Pugh classification (CTP classification). However, the term Child–Pugh classification is 

used in these guidelines to maintain consistency with the General Rules for the Clinical and Pathological Study of 

Primary Liver Cancer.  
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CQ20  What is the standard surgical procedure for liver resection? 

Recommendation 

Anatomical liver resection over a small area or partial resection as limited resection (particularly 

in patients with poor liver function) is chosen for the treatment of a small HCC lesion (maximum 

diameter ≤ 5 cm). Extended resection (including right or left lobectomy) of two or more segments 

is chosen for large HCC lesions (Grade C1). 

 

 Scientific Statement 

The majority of HCCs develop against a background of chronic liver disease and initially appear 

as cirrhosis. The resulting liver damage inevitably decreases the permissible extent of resection 

compared with that for normal livers, and extensive liver resection such as left/right lobectomy 

often cannot be performed. Therefore, resection methods for HCC, such as partial liver resection 

(including tumor enucleation), were proposed (LF009921) Level 2b). In addition, because the liver 

is hard in patients with cirrhosis, tumors often cannot be identified by palpating the surface of the 

liver. Therefore, liver resection is often more difficult for HCC than for metastatic liver cancer. 

This issue has been addressed with the use of intraoperative ultrasound, which can identify the 

location of the tumor in the liver during resection (LF033392) Level 4). 

HCC is known to metastasize to the liver via the portal vein, and from a theoretical and curative 

standpoint, it is recommended to anatomically perform resection of the relevant area associated 

with the portal vein. A procedure was developed for anatomical resection of small areas of the 

liver in patients with chronic liver injury. This method involves the injection of a dye via 

ultrasound-guided puncture into portal vein branches in the tumor-bearing region, which enables 

identification of the surface of the relevant hepatic segment and facilitates resection (LF009883) 

Level 4). Furthermore, in the event that puncture and staining of the tumor-bearing segment via 

the portal vein is not possible because of an arterioportal (AP) shunt or portal venous tumor 
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thrombus, another method that involved the counterstaining of neighboring segments to identify 

the tumor-bearing segment was devised (LF067864) Level 5). On the other hand, a method that 

involves treatment of the portal vein and arteries and Glisson’s capsule with the associated biliary 

duct branches in the tumor-bearing segment and identification of the segment, followed by 

anatomical liver resection, has been implemented (LF008595) Level 4). Moreover, other surgical 

procedures that maximize conservation of the liver parenchyma, such as liver resection that treats 

the root of the right hepatic vein and conserves the segment if the branch of the hepatic vein from 

S6 (right inferior hepatic vein) that flows directly into the inferior vena cava is present, have been 

reported (LF018616) Level 4). Alternatively, S2 can be conserved and S3/4 can be resected 

(LF018607) Level 4). 

The caudate lobe of the liver is located on the dorsal side of the hilar plate, and until now, tumors 

in this area have usually been treated with extensive liver resection that included liver parenchyma 

on the abdominal side. However, because the majority of HCC patients also have liver disease, 

this method cannot be adopted. High dorsal resection has been proposed in response to this issue, 

which involves counterstaining from the dorsal side and single resection of the caudate lobe 

(LF018568) Level 5). Another resection method that uses an anterior transhepatic approach with 

isolated resection of the liver has been developed, wherein the liver is transected anteriorly along 

the middle hepatic vein (LF003349) Level 4). 

With an improvement in liver resection procedures because of developments such as anatomical 

resection using intraoperative ultrasound and parenchyma-sparing surgical methods, 

conventionally applied surgeries such as segmentectomy and others have also become more 

refined in practice. As many as 10–20 reports on central bisegmentectomy (LF0091610) Level 4) 

and anterior segmentectomy (LF0185911) Level 4) have been published. 

As a result of these improvements in safety and overall surgical procedures, extensive resection is 

becoming increasingly effective for advanced HCC. If necessary, patients with cancer invasion in 

the inferior vena cava can reportedly be treated with combined liver and inferior vena cava 
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resection with reconstruction by vascular grafting (L3F0435512) Level 4, L3F0607413) Level 4). 

On the other hand, the right lobe of the liver is usually displaced before liver resection in right 

hepatectomy, and mobilization is often difficult if the tumor is large. In such situations, leading 

liver resection from the anterior (abdominal side) side (anterior approach) has also been proposed, 

and both short- and long-term outcomes have been better than those with methods using regular 

liver mobilization (LF1114914) Level 1b). Although it is difficult to control bleeding from the 

hepatic vein deep in the liver, a method where the liver is lifted during resection has been designed. 

In this method, a tape is passed along the anterior face of the inferior vena cava and the back of the 

liver to lift the liver during resection (L3H0000915) Level 4). This method is used widely and it has 

been considered an effective procedure when combined with right hepactectomy using the 

anterior approach (L3F0500616) Level 2b). 

As HCC progresses, it often forms tumor thrombi in the main branches of the portal vein. In such 

situations, a portal vein tumor thrombus is generally resected concurrently with the targeted liver 

segment (LF0013617) Level 2b). However, because this method requires extensive liver resection 

or total liver resection (in theory), it is often difficult to perform in patients with liver damage. 

Reports of a liver resection method that removes only the tumor thrombus from the inner wall of 

the portal vein also exist; this method is considered efficacious because there is no difference in 

long-term outcome when compared with that of conventional methods (L3F0180018) Level 2b). 

 Explanation 

Liver resection has been documented and sporadically performed since the 1950s. However, in a 

time when computed tomography (CT) and ultrasonography were not available, it was 

realistically impossible to understand the intrahepatic vascular structure of each individual patient. 

Although segmentectomies and more extensive liver resections have been performed once 

identifiable veins are treated in the hepatic portal area, in reality, the majority of procedures were 

lateral segmentectomies, left/right lobectomies, and wedge resections of the liver margin. It was 

after the late 1970s that CT and ultrasonography were developed and became available for clinical 
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use. Furthermore, technology in liver resection drastically advanced during the early 1980s, once 

intraoperative ultrasound and its application during liver resection made it possible to grasp 

real-time positional relationships between hepatic tumors and vascular structures during surgery. 

In addition, the liver is damaged in the majority of HCC patients; therefore, tumors that cannot be 

visually examined or palpated on the liver surface require limited yet anatomical resection, and 

this need has driven technological advancements in liver resection further. One must keep in mind 

that there is a vast amount of surgical literature in Japan regarding the development and 

advancement of these various liver resection procedures.  

Compared with surgery in other organs, there is a variety of liver resection techniques that depend 

on the segment to be resected and its size. Furthermore, the majority of surgeries require advanced 

technology during resection, such as intraoperative ultrasound of the parenchyma, given that 

internal structures cannot be observed directly. Despite the fact that highly advanced techniques 

are required, blood loss and mortality rates associated with liver resection have decreased 

dramatically over the past 20–30 years, indicating the establishment and increasing safety of 

surgical techniques. On the other hand, the evidence level of documents referenced for this CQ is 

mostly Level 4; therefore, additional evidence must be collected hereafter to determine the pros 

and cons of each surgical procedure for various tumor conditions. 
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CQ21  What are the indications for liver resection in terms of tumor condition? 

Recommendation 

Liver resection is indicated for HCC if there are three or fewer tumors and all are limited to the 

liver. There is no restriction on tumor size. It is suggested that patients with tumor invasion to the 

portal vein be indicated for surgery if the tumor has not progressed beyond the first-order branches 

(Grade B). 
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 Scientific Statement 

Classification of HCC progression incorporates treatment regulations proposed by the Liver 

Cancer Study Group of Japan and includes factors such as tumor size, tumor number, presence or 

absence of vascular invasion, and degree of invasion, which will be described herein.  

There are multiple reports on the long-term outcome of resection for liver tumors measuring 10 

cm or larger, and the 5-year survival rate is reportedly 20%–30% (LF003541) Level 2b, 

L3F062682) Level 2b, LF118363) Level 2b). Although no studies have compared this therapy with 

other therapies or non-treatment, these results are clearly preferable to those of non-treatment 

(L3H000084) Level 1a); therefore, operability is not limited by tumor size. 

In terms of tumor number, the outcomes of resection in patients with two or more tumors were 

compared with those in patients with single tumors, and in another study, the outcomes were 

compared with those of other treatment methods (L3F021745) Level 2b, L3F000356) Level 2b). 

Although the long-term outcome for multiple tumors is poorer than that for single tumors, 

resection is not necessarily contraindicated, with results better than those of other noncurative or 

maintenance therapies. Therefore, resection is not contraindicated in patients with multiple liver 

tumors. In these reports, the majority of patients with multiple lesions had two tumors. There are 

no reports with a high level of evidence on the maximum number of tumors permissible for 

resection; the limit was set at three tumors or lesser, similar to the criteria for percutaneous 

ablation therapies. 

Portal vein invasion is consistently reported as the most powerful prognostic factor for HCC. 

There are many reports describing resection outcomes in patients with portal vein invasion 

(LF001367) Level 2b, L3F060878) Level 2b, L3F018009) Level 2b). The prognosis is poor when 

tumor thrombus has advanced into the portal vein. However, if tumor invasion does not progress 

beyond the first-order branches, the postoperative 5-year survival rate is 10%–40% and surgery is 

indicated, considering that other treatment methods are contraindicated and that nontreatment is a 

poor choice in comparison. If the tumor thrombus has progressed to the portal vein trunk, the 
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prognosis is poor and surgery is contraindicated. However, if the condition is mild, the outcome 

after resection is reportedly the same as that when the thrombus has not reached the first-order 

branches; therefore, surgery is indicated (L3F018009) Level 2b).  

 Explanation 

In this CQ, we described the maximum progression of HCC permissible for liver resection. For 

HCC cases that follow the typical multi-stage development of cancer, it is important to have a CQ 

that discusses the stage (precancerous conditions or early stage) at which patients become 

candidates for treatment interventions, including resection. This issue, however, will be discussed 

in other sections. If a tumor meets the criteria for other treatment methods, a CQ discussing 

whether to select liver resection or another treatment(s) would be important, particularly when 

choosing between surgery and percutaneous ablation therapy or between surgery and 

transplantation. This, however, will be discussed in other sections. 

Among the factors of tumor size, tumor number, and vascular invasion, tumor size and vascular 

invasion are indicators of cancer progression, and the issue of determining the point of cancer 

progression at which resection is indicated remains. Generally, there is no alternative therapy for 

patients with advanced tumor determined by these factors. Therefore, this comes down to the issue 

of comparing improved survival benefits with treatment to those without treatment and finding the 

optimum balance at which benefits outweigh risks (complications, operative mortality, etc.). Liver 

resection in such advanced cases of HCC often demands a highly complicated surgery; therefore, 

indications may vary with the level of proficiency at each institution. In contrast, the number of 

tumors generally indicates the potential severity of carcinogenesis in the background of the entire 

liver (it is also an indicator of intrahepatic metastases). The CQ that discusses the number of 

tumors that qualifies for liver resection is synonymous with the CQ that discusses the extent to 

which local surgery can still be performed, which, in that sense, is considered equivalent to the 

debate of tumor count and radiofrequency ablation criteria. The question now is, what is the 

maximum number of tumors acceptable for percutaneous ablation therapies compared with that 
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acceptable for treatments that involve the entire liver, such as transplantation and TACE? As the 

number of tumors increases, a gradual transition to TACE is appropriate; however, setting a 

threshold number of tumors can be a delicate matter. There are no reports backed with strong 

evidence that compare resection of four or more tumors with other treatment methods; this CQ 

was written on the basis of existing standards stating that liver resection is indicated for three or 

fewer tumors. 

In this edition, it is not mentioned whether surgical treatment with liver resection is recommended 

to treat a limited number of HCC metastases (lungs, adrenal glands, lymph nodes, etc.) because 

only a few scattered reports are available in this regard.  

 References 

1) LF00354  Lee NH, Chau GY, Lui WY, King KL, Tsay SH, Wu CW. Surgical treatment and 

outcome in patients with a hepatocellular carcinoma greater than 10 cm in diameter. Br J 

Surg 1998;85(12):1654-7. 

2) L3F06268  Poon RT, Fan ST, Wong J. Selection criteria for hepatic resection in patients 

with large hepatocellular carcinoma larger than 10 cm in diameter. J Am Coll Surg 

2002;194(5):592-602. 

3) LF11836  Liau KH, Ruo L, Shia J, Padela A, Gonen M, Jarnagin WR, et al. Outcome of 

partial hepatectomy for large(>10 cm)hepatocellular carcinoma. Cancer 

2005;104(9):1948-55. 

4) L3H00008  Cabibbo G, Enea M, Attanasio M, Bruix J, Craxì A, Cammà C. A 

meta-analysis of survival rates of untreated patients in randomized clinical trials of 

hepatocellular carcinoma. Hepatology 2010;51(4):1274-83. 

5) L3F02174  Ishizawa T, Hasegawa K, Aoki T, Takahashi M, Inoue Y, Sano K, et al. Neither 

multiple tumors nor portal hypertension are surgical contraindications for hepatocellular 

carcinoma. Gastroenterology 2008;134(7):1908-16. 

6) L3F00035  Ho MC, Huang GT, Tsang YM, Lee PH, Chen DS, Sheu JC, et al. Liver 



  
 

122/309 
 

resection improves the survival of patients with multiple hepatocellular carcinomas. Ann 

Surg Oncol 2009;16(4):848-55. 

7) LF00136  Wu CC, Hsieh SR, Chen JT, Ho WL, Lin MC, Yeh DC, et al. An appraisal of 

liver and portal vein resection for hepatocellular carcinoma with tumor thrombi extending to 

portal bifurcation. Arch Surg 2000;135(11):1273-9. 

8) L3F06087  Shi J, Lai EC, Li N, Guo WX, Xue J, Lau WY, et al. Surgical treatment of 

hepatocellular carcinoma with portal vein tumor thrombus. Ann Surg Oncol 

2010;17(8):2073-80. 

9) L3F01800  Inoue Y, Hasegawa K, Ishizawa T, Aoki T, Sano K, Beck Y, et al. Is there any 

difference in survival according to the portal tumor thrombectomy method in patients with 

hepatocellular carcinoma? Surgery 2009;145(1):9-19. 

  

  

Section 2  Prognostic Factors 

CQ22  What are the prognostic factors after liver resection? 

Recommendation 

Major prognostic factors after liver resection are stage classification, vascular invasion, liver 

function, and tumor number (Grade B). 

  

 Scientific Statement 

A study of the post-resection survival rate showed a favorable prognosis for patients with single, 

pTNM stage I/II tumors measuring smaller than 5 cm with capsule formation, no vascular 

invasion, and serum albumin levels less than 40 g/L, and of these factors, pTNM stage was found 

to be the most reliable prognostic factor (LF000731) Level 2a). Furthermore, a study of 
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relapse-free survival found that stage classification, tumor diameter, vascular invasion, tumor 

number, and capsule formation were significant prognostic factors, similar to those found in the 

previous study. Of these factors, vascular invasion was associated with prognosis for survival 

during the entire postoperative period (LF007772) Level 2b). Less than 2 years after surgery, the 

factors for early-stage recurrence were nonanatomical resection, pathological vascular invasion, 

and an AFP level of 32 ng/mL or higher (LF114293) Level 2b). On the other hand, there are 

reports that tumor diameter does not affect prognosis (LF006234) Level 2b, LF008535) Level 4, 

L3F018696) Level 2b); therefore, it cannot be assumed that the prognosis for giant HCC will 

necessarily be poor. In addition, the survival rate is good for early-stage HCC tumors measuring 2 

cm or smaller (LF003787) Level 2a). Furthermoe, positive prognostic factors for patients who 

undergo HCC resection and have tumor thrombus in the main trunk or first-order branches of the 

portal vein include the absence of ascites, a prothrombin activity of 75% or higher, and a tumor 

diameter of 5 cm or lesser (LF106198) Level 2b). Prognosis can also be improved in patients with 

limited hepatic functional reserve by performing liver resection with portal vein tumor thrombus 

removal by extraction, similar to extensive liver resection (L3F018009) Level 2b). 

 Explanation 

Thirty-seven articles related to prognostic factors were selected for this 2009 edition of the 

guidelines, and vascular invasion, liver function, tumor number, tumor stage classification, and 

tumor diameter were found to be significant prognostic factors. In this revised edition, 2,898 

original articles published between 2008 and 2011 in English were found in a search using the key 

words “hepatocellular carcinoma” and “surgery”. Fifty-four of these documents were relevant to 

prognostic factors, of which 38 were found to be highly reliable. Some of these articles included 

studies on hepatitis virus markers and genetic markers in addition to the previously reported 

factors. Furthermore, of these factors, vascular invasion was reported most often (34%) as a 

significant factor, followed by liver function (18%), tumor number (16%), tumor diameter (16%), 

and stage classification (11%). Other factors included levels of tumor markers (24%), genetic 
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markers (18%), and hepatitis virus markers (11%). The Child–Pugh classification and serum 

albumin levels were often found to be significant factors for liver function. Tumor diameter did 

not always affect prognosis; therefore, a consensus has yet to be reached. Of the different stage 

classifications, stage 0 or early-stage HCC carried a favorable prognosis; therefore, early-stage 

HCC may also be considered as a prognostic factor (LF003787) Level 2a). There has been an 

increase in molecular biological studies, such as reports that PIVKA-II and AFP-L3 fraction are 

predictors of recurrence and that the cytochrome P450 1A2 (CYP1A2) gene is linked to 

recurrence (L3F0142910) Level 2b). In addition, several documents reported that significant 

prognostic factors pertaining to surgical procedures include decreased blood loss and anatomical 

resection. The majority of documents, however, state that the surgical margin is not a significant 

factor. 
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CQ23  Does the size of the resection margin affect prognosis? 

Recommendation 

A minimum surgical margin is sufficient for liver resection (Grade B). 

  

 Scientific Statement 

No significant difference in postoperative recurrence rate was observed between two groups, one 

with liver resection margins of 1 cm or wider and another with margins smaller than 1 cm 

(LF001281) Level 2a, LF007772) Level 2b). A comparative study divided patients according to 

liver resection margins of 5 mm or greater or less than 5 mm and found no significant difference 
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in postoperative recurrence (LF006233) Level 2b, LF007284) Level 2b). Even if the tumor was 

adjacent to a major vessel and a resection margin could hardly be secured for liver resection, there 

was no significant difference in relapse-free survival or the cumulative survival rate (L3F013895) 

Level 2b). No significant difference in survival was reported when lobectomy and more extensive 

resections were compared to limited surgery (LF000336) Level 2b). Although an RCT has shown 

that securing a 2-cm margin carries a better prognosis than securing a 1-cm margin (LF117667) 

Level 1b), the optimum width of surgical margins remains unclear, and it is unlikely that the size 

of the resection margin contributes to prognosis. 

 Explanation 

In this 2009 edition of the guidelines, “hepatocellular carcinoma” and “surgery” were used as key 

words to search 1,117 articles written in English and published from 1980 to 2007. The search 

found266 original articles pertaining to prognostic factors, of which 74 highly credible articles 

were selected and reviewed. However, only 2 articles were found to be relevant to the surgical 

margin within this revision period. It is therefore believed that surgical margins measuring 5 mm 

to 1 cm do not contribute to prognosis. In addition, if a tumor located adjacent to vessels is 

removed and liver resection is performed, there is no significant difference in relapse-free survival 

and cumulative survival, even if almost no surgical margin has been secured (L3F013895) Level 

2b). On the other hand, Shi et al. conducted an RCT in Hong Kong that separated patients with 

solitary HCCs without vascular invasion into 1- and 2-cm resection margin groups, it was found 

that prognosis was better in the latter group (LF117667) Level 1b). However, the characteristics of 

patients were very different from those of patients in Japan, as the mean age of patients in both 

groups was 51 years or lesser, ICG-15 was less than 10%, and more than 80% patients had 

hepatitis B. In general, resection margins are limited by hepatic function, tumor location, and 

tumor size, and securing a margin of 2 cm or larger is realistically difficult in many patients. 

Therefore, it is recommended that liver resection for HCC be performed at a width of 5–10 mm 

from the tumor edge, and if there is an adjacent vessel, then resection at 0 mm is sufficient. 
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CQ24  Does anatomical liver resection affect prognosis? 

Recommendation 

Anatomical resection is recommended for liver resection (Grade B). 

  

 Scientific Statement 

In a retrospective study of HCC lesions measuring 5 cm or smaller, the survival rates were better 

with anatomical resection than with partial resection, and the differences were particularly 

significant in patients with extranodal metastases (LF001021) Level 2b). A study of relapse-free 

survival also showed that anatomical resection is superior to partial resection (LF002532) Level 

2b). Furthermore, in solitary HCCs, survival rates and relapse-free survival were significantly 

better with anatomical resection and subsegmentectomy than with partial resection (LF111483) 

Level 2b). Moreover, a national follow-up study conducted in 5,781 patients by the Liver Cancer 

Study Group of Japan similarly reported that anatomical subsegmentectomy is superior 

(L3F019744) Level 2a). Reports have also stated that relapse-free survival differs only for tumors 

with no cirrhosis or invasion (LF007285) Level 2b). On the basis of the abovementioned findings, 

it is highly possible that anatomical resection improves prognosis. 

 Explanation 

HCC that advances via the portal vein is often concomitant with portal vein invasion or 

intrahepatic metastases, and from a curative standpoint, anatomical resection of the tumor-bearing 

segment is recommended. Nevertheless, because extensive resection in patients with chronic 

hepatitis and cirrhosis can lead to excessive invasion, anatomical subsegmentectomy was 

designed to resolve the conflict between curative treatment and preservation of liver function. 

Currently, all comparative studies conducted for partial resection and anatomical resection are 

retrospective ones. Hasegawa et al. classified hepatectomies performed for solitary liver cancer 

into an anatomical resection group (n = 156) and a nonanatomical resection group (n = 54) and 

studied the prognoses (LF111483) Level 2b). Their results showed that the 5-year survival rate 
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(66% vs. 35%, p = 0.01) and relapse-free survival rate (34% vs. 16%, p = 0.006) were 

significantly favorable with anatomical resection. Furthermore, Eguchi et al. investigated the 

significance of anatomical resection according to tumor diameter and found that relapse-free 

survival was good in the anatomical resection group if tumor diameters were 2–5 cm (L3F019744) 

Level 2a). Sixteen compiled retrospective studies have similarly indicated the superiority of 

anatomical resection. However, 11 of these studies were Japanese, accounting for the majority of 

study data. The other studies included two each from France and Korea and one from the United 

States (L3F019886) Level 2b). In order to establish an optimized procedure for liver resection, we 

are awaiting reports of RCTs that have been designed to reflect the actual situation in Japan. 
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Section 3  Perioperative Management 

CQ25  Is proactive, perioperative administration of blood products recommended? 

Recommendation 

Homologous red blood cell transfusion should be avoided if possible (Grade B). 

Administration of fresh frozen plasma is not always necessary (Grade B). 

  

 Scientific Statement 

The majority of reports state that homologous red blood cell transfusion should be avoided as 

much as possible because it increases the risk of cancer recurrence and is likely to induce 

hyperbilirubinemia and liver failure and because lower hematocrit levels are desirable for 

microcirculation in the liver (L3F013631) Level 4, L3F017242) Level 3). Conversely, some reports 

state that the recurrence rate does not change, irrespective of blood transfusion (LF000313) Level 

3). 

It has been reported that autologous transfusion increases the synthetic ability of the liver without 

increasing the risk of cancer recurrence; therefore, it is a safe and efficient method to avoid 

homologous red blood cell transfusion. 

In addition, administration of fresh frozen plasma reportedly has no effect on the postoperative 

course of hepatectomy, and patients with relatively good liver function, in particular, do not 
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necessarily need frozen plasma unless they have lost a large amount of blood or the patient has 

hypoalbumineamia (L3F024615) Level 3, L3F024756) Level 2a). 

 Explanation 

In general, surgery without blood transfusion is recommended. Blood transfusion particularly 

presents a problem in cancer surgery because it may lead to immunosuppression. Differences in 

tumor recurrence rates associated with blood transfusion have been reported in a large variety of 

cancer surgeries, and the same can be said for HCC (L3F013631) Level 4, L3F017242) Level 3). 

However, some reports found no difference in recurrence rates, regardless of blood transfusion. 

Under these circumstances, autologous blood transfusion may be used to avoid homologous red 

blood cell transfusion without inducing adverse events.  

In order to avoid blood transfusion throughout the perioperative period, a minimum hematocrit 

level of as low as 20% should be maintained as long as hemodynamics can be maintained 

(LF009177) Level 3). There is, however, no data with a high level of evidence to support this 

recommendation. 

In the past, it has been recommended that fresh frozen plasma be administered for replenishing 

coagulation factors and maintaining effective plasma volume and plasma osmolality (LF009177) 

Level 3). Fresh frozen plasma has not always affected the postoperative course (L3F024615) Level 

3), however, according to a cohort study examining Child–Pugh class A patients with an 

intraoperative blood loss of less than 1,000 mL. If serum albumin levels exceed 2.4 g/dL 2 days 

after surgery, fresh frozen plasma is unnecessary (L3F024756) Level 2a). Excessive administration 

also reportedly increased respiratory complications (L3F017242) Level 3). Furthermore, 

administration of plasma derivatives, in general, is not recommended unless there is heavy 

bleeding (L3H000158) Level 1a).  
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CQ26  Does hepatic pedicle clamping and decreased central venous pressure decrease  

bleeding during liver resection? 

Recommendation 

Hepatic pedicle clamping is effective for decreasing the amount of blood loss during liver 

resection (Grade A). 

Decreasing central venous pressure (CVP) is also an effective means for decreasing the amount of 

blood loss during liver resection (Grade C1). 

  

 Scientific Statement 

RCTs pertaining to hepatic pedicle clamping show that intermittent occlusion of blood flow to the 

liver (Pringle maneuver) decreases the amount of blood loss during liver resection without 

affecting liver function (LF004341) Level 1b, L3F025302) Level 1b). The effectiveness of 

hemihepatic vascular inflow occlusion has also been reported (LF018623) Level 2b, L3F024884) 

Level 1b), and there was no difference in liver function when a protease inhibitor was 

administered during intermittent occlusion of blood flow to the liver at 15- and 30-min intervals 

(L3F025045) Level 1b). 

RCTs have demonstrated that decreasing the CVP to 5 cm H2O or lower by clamping the inferior 

vena cava below the liver during liver resection and/or by using drugs can decrease the amount of 

blood loss and stabilize hemodynamics (L3F025246) Level 1b, L3F025287) Level 1b). There are, 

however, reports in which decreased CVP did not result in decreased blood loss (L3F025038) 

Level 1b). Furthermore, it has been reported that pulmonary embolism was caused by clamping of 

the inferior vena cava below the liver. Therefore, caution must be exercised (L3F025246) Level 

1b). 

 Explanation 

Intermittent occlusion of blood flow to the liver has been broadly implemented to decrease 
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bleeding during hepatectomy, and the safety of this procedure has been confirmed. Hemihepatic 

vascular inflow occlusion is recommended when the resection range is limited to one lobe. 

Because the majority of blood loss during liver resection is from the hepatic veins, decreasing 

CVP seems appropriate and is reportedly useful; however, there are contradictory reports as well. 

Inferior vena cava occlusion and drugs can be used to decrease CVP; however, pulmonary 

embolism should be carefully considered when performing inferior vena cava occlusion and the 

safety of these procedures must be investigated in detail. 
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CQ27  Is abdominal drain placement necessary for liver resection? 

Recommendation 

Intra-abdominal drainage is not always necessary for elective liver resection (Grade B). 

  

 Scientific Statement 

According to RCTs pertaining to abdominal drain placement during elective liver resection, 

routine drain placement is reported to be unnecessary or contraindicated because of increased 

wound complications, sepsis, and accumulation of infectious fluid, resulting in a significant 

increase in hospital days (L3F026931) Level 1b, L3F027772) Level 1b, L3F025633) Level 1b). On 

the other hand, abdominal drainage is recommended for cirrhotic patients with portal hypertension, 

as there are fewer complications related to postoperative ascites and because hospital stay is 

shortened (L3F026344) Level 1b). Because drain placement is therapeutically useful for treating 

bile leakage and abdominal fluid retention (L3F026805) Level 4) and for monitoring bilirubin 

levels in drainage fluid to predict possible bile leakage (L3F027816) Level 4), it has also been 

recommended for patients at high risk of developing bile leakage, such as those with biliary tract 

reconstruction, exposure of major Glisson’s sheath, and intraoperative bile leakage (L3F026567) 
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Level 3). However, intra-abdominal drainage is reportedly unnecessary during liver resection for 

living donor liver transplantation (L3F026928) Level 4). 

A few reports have recommended that the drain be removed in the early stages (L3F026567) Level 

3). However, none of these studies are backed with strong evidence. 

 Explanation 

The Center for Disease Control and Prevention (CDC) Guidelines for the Prevention of Surgical 

Site Infection recommend that “if drainage is necessary, closed suction drainage should be used 

and the drain should be removed as early as possible” (L3H000149)). Hepatectomy is unlike other 

abdominal surgeries and is often concomitant with chronic liver disease; therefore, one must be 

aware of bile leakage and refractory ascites. Although an RCT pertaining to drain placement for 

elective liver resection has been implementd since 1990, patient numbers were low and problems 

with evaluation methods were reported.A study that examines the degree of coexisting liver 

damage and resection procedures is required. Furthermore, drain placement should be performed 

with more care during living donor liver transplantation in healthy adults. Additional studies are 

also required to examine drain placement for laparoscopic liver resection, which has been 

increasingly performed in recent years. 
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Section 4  Adjuvant Therapy 

CQ28  Does neoadjuvant chemotherapy improve prognosis after liver resection? 

Recommendation 

There is no recommended neoadjuvant chemotherapy aimed at improving prognosis after liver 

resection for HCC (Grade C2). 
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 Scientific Statement 

There are few studies with a high level of evidence supporting the use of systemic chemotherapy 

as neoadjuvant chemotherapy. When transcatheter arterial embolization (TAE)/transcatheter 

arterial chemoembolization (TACE) is performed a single time as neoadjuvant chemotherapy, 

liver function is only slightly impaired and the prevalence of complications is low. Tumor necrosis 

and shrinkage by TAE or TACE may increase the rate of resection for advanced HCC, but no 

consensus pertaining to prognosis improvement has been reached (LF000181) Level 4, 

L3F009312) Level 4, LF001423) Level 3, LF003734) Level 2b: effective, L3F028025) Level 3, 

LF003506) Level 2b, LF004977) Level 2b, LF120288) Level 2b, LF005379) Level 1b, L3F0280610) 

Level 1b, L3F0280511) Level 1a: ineffective). Furthermore, it has yet to be confirmed whether 

preoperative hepatic arterial infusion chemotherapy effectively inhibits recurrence or improves 

survival rates (LF1006512) Level 1a). 

 Explanation 

Nearly all the documentation supporting TAE/TACE as an effective neoadjuvant chemotherapy 

was published around the year 2000. However, only a few articles were backed by strong 

evidence for this therapy. On the other hand, articles that determined TAE/TACE as ineffective 

included RCTs and meta-analyses supported by evidence from 2000 onward Although a 

consensus has not been reached, neoadjuvant chemotherapy with TAE/TACE is not 

recommended. 
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CQ29  Does adjuvant chemotherapy improve prognosis after liver resection? 

Recommendation 

There is no recommended adjuvant chemotherapy for improving prognosis after liver resection 

for HCC (Grade C2). 

  

 Scientific Statement 

There are reports claiming that systemic chemotherapy is a useful postoperative adjuvant 

chemotherapy in patients with good liver function, yet there are reports in which liver function 

was exacerbated with systemic chemotherapy, resulting in a poor prognosis. Therefore, a 

consensus has not been reached (LF005021) Level 1b, L3F006452) Level 1b: effective, LF000323) 

Level 1a, LF003514) Level 1b, LF105555) Level 1b: ineffective). Transcatheter hepatic arterial 

therapies such as hepatic arterial infusion chemotherapy, TAE, and TACE have also been 

performed as adjuvant chemotherapy; however, the majority of these reports showed no difference 

in cumulative survival, despite significant differences in relapse-free survival (in terms of 

cumulative survival, L3H000176) Level 1b: effective; LF026707) Level 1b, LF005228)Level 1b, 

LF003514) Level 1b: ineffective). In a meta-analysis that included four RCTs, transcatheter hepatic 

arterial therapy reeduced the recurrence rate and improved the survival rate (LF100659) Level 1a). 

However, completely different drugs and methods were used; therefore, the outcomes must be 
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carefully evaluated. In special cases, there are reports confirming that postoperative therapy via 

the portal vein and TACE are effective in patients with HCC and portal vein tumor thrombus 

(L3F0049710) Level 3, L3F0282011) Level 1b). Furthermore, short-term prognosis was reportedly 

improved with intra-arterial injection of [131-I] Lipiodol (LF0031612) Level 1b); however, these 

effects were not observed for long-term prognosis in a follow-up report (L3F0071713) Level 1b). 

 Explanation 

Tegafur, carmofur, and capecitabine have been used as postoperative adjuvant chemotherapies, 

and doxorubicin, cisplatin, and 5-FU have been used as transcatheter hepatic arterial therapy. 

Unlike neoadjuvant chemotherapy, some reports have provided evidence for postoperative 

adjuvant chemotherapy. Regardless of the administration route or method, a standard protocol for 

adjuvant chemotherapy has yet to be established, and further investigations are needed to design 

an effective protocol. Sorafenib, an oral molecular targeted drug, is a promising adjuvant therapy. 

At present, a multinational cooperative study called “Sorafenib as adjuvant treatment in the 

prevention of recurrence of hepatocellular carcinoma (STORM)” is in progress worldwide, the 

results of which are strongly anticipated.  
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Section 5  Liver Transplantation 

 Introduction 

In the 1980s, liver transplantation was introduced for HCC patients with unresectable tumors, and 

nearly all patients died from recurrence within a few years. As a result of these experiences, HCC 

patients were no longer accepted as candidates for liver transplantation in most liver transplant 

facilities. In the early 1990s, tumor criteria for liver transplantation in HCC patients (such as the 

Milan criteria, etc.) were established, and it became clear that the outcome of liver transplantation 

for HCC was not inferior to that for benign, end-stage liver disease. As a result, HCC patients have 

come to be acceptable candidates for liver transplantation. 

On the other hand, the majority of HCC patients also present persistent infection with hepatitis B 

virus (HBV) or hepatits C virus (HCV). Cancer treatment alone is insufficient for HCC 

transplantation; the suitability of antiviral therapy must also be considered. Indications and 

treatment policies for liver transplantation requiring antiviral therapy have rapidly changed over 

the past 20 years. Transplant outcomes for hepatitis B patients in particular have dramatically 

improved with the introduction of antiviral drugs and neutralizing antibodies.   

New therapies generally begin at an experimental stage, and as the number of patients 

accumulates, a general consensus is normally reached. Evidence based on RCT results is 

established at the final stage after the treatment method has become established to some extent 
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over a considerable amount of time. In that context, liver transplantation is a relatively new 

therapy for HCC, and there are no Level 1b studies. In addition, because of the unique 

characteristics of liver transplantation, it is difficult to implement RCTs in order to compare liver 

transplantation with other therapies or with different transplant criteria. In this sense, it should be 

noted first that regular procedures for creating guidelines, in which recommendations are 

generated from CQs based on documents with a high level of evidence, do not completely apply 

in this field. 

In this revised edition, the content of CQs was significantly altered from that in the previous 

edition (2009 edition). In the 2009 edition, the following four CQs were included: CQ27, “Does 

treatment for hepatocellular carcinoma before liver transplantation improve prognosis?”; CQ28, 

“What are the prognostic factors after liver transplantation? With what tumor criteria can liver 

transplantation be recommended? (What eligibility criteria are appropriate for hepatocellular 

carcinoma patients to be candidates for transplantation?)”; CQ29, “How many HCC patients are 

candidates for surgery or transplantation, or both? In addition, in patients who are eligible for both 

treatments, which may achieve better results, surgery or transplantation?”; and CQ30, “Are there 

any differences in results after transplantation according to differences in background liver 

diseases (HBV, HCV, alcohol, primary biliary cirrhosis, and cryptogenic)? Do indications change?” 

In this revised edition, these questions were simplified into two CQs: CQ30, “Does 

pretransplantation tumor downstaging improve prognosis of liver transplantation?” and CQ31, 

“What are the criteria for liver transplantation in hepatocellular carcinoma patients?” 

  



  
 

145/309 
 

CQ30  Does pretransplantation tumor downstaging improve the prognosis of liver 

transplantation? 

Recommendation 

There is insufficient scientific evidence to support that tumor downstaging prior to liver 

transplantation improves HCC prognosis (Grade C1). 

  

 Background 

The most influential factor affecting prognosis in HCC patients with complications of cirrhosis 

and liver failure is whether the patient has undergone liver transplantation. Because of the serious 

shortage of deceased donors and risks associated with living donor transplantation, however, 

tumor stage, a major risk factor for post-transplant recurrence, imposes restrictions on liver 

transplantation for HCC. The statement below is a discussion of whether downstaging of HCC 

using pretransplantation therapy improves post-transplantation prognosis. 

 Scientific Statement 

Mazzaferro et al., who proposed the Milan criteria, treated 28 out of 48 patients while they were 

on a transplant wait list [26 cases of TACE, 1 case of percutaneous ethanol injection (PEI), and 1 

case of liver resection] and found there was no significant difference in the 4-year survival rate, 

which was 79% for the treatment group and 69% for the non-treatment group (LF005401) Level 

2a). The response rate, however, is not mentioned in their report. A multicenter, co-operative, 

retrospective case–control study was performed in France by Decaens et al., in which 100 patients 

pretreated with TACE before liver transplantation were compared with 100 untreated patients 

(LF108692) Level 2b). According to this study, the 5-year survival rates for the TACE treatment 

group and non-treatment group were 59.4% and 59.3%, respectively. Relapse-free survival rates 

were also analyzed in patients who survived at least 3 months after transplantation, and the rates 

were not significantly different after 5 years, at 67.5% and 64.1%, respectively. Among patients 
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who met the Milan criteria, there was no significant difference in 5-year survival rates between 74 

patients treated with TACE and 68 untreated patients, at 68.8% and 67.1%, respectively. The 

explanted livers of 30 patients in the TACE group were confirmed to be 80% necrotic, and the 

5-year survival rate was 63.2%. Although the result was slightly better than that (54.2%) observed 

in the control group, there was no significant difference. 

In terms of meeting the Milan criteria, out of 68 patients who were treated with TACE, 62 

responded favorably and had a 5-year survival rate of 73.3%. In comparison, patients 

experiencing no change or disease progression had a 2-year survival rate of 40%, and none of the 

patients survived for 5 years (LF120913) Level 4). In this report, there was a large amount of 

disparity in the number of patients between comparison groups, and no significant differences 

were observed between patients who exhibited complete necrosis (24 patients) and those with 

partial necrosis (38 patients). A multicenter, co-operative, case–control study examined the effects 

of supraselective TACE before partial transplantation in 30 patients and conventional TACE in 3 

patients whose tumor criteria were matched from among 479 patients. Complete tumor necrosis 

was observed more frequently in the supraselective TACE group, and the 5-year relapse-free 

survival tended to be favorable; however, no significant difference was observed between groups 

(87% for supraselective TACE group vs. 64% for conventional TACE group) (LF108764) Level 3). 

In addition, results of a prospective study in which adjuvant therapy was administered to patients 

who were excluded from surgery on the basis of tumor staging but underwent transplantation after 

tumors were downstaged to meet criteria levels, have been published (L3F018705) Level 4). 

Futhermore, 35 patients who satisfied set tumor criteria were treated with TACE or 

radiofrequency ablation (RFA), and tumors were downstaged to meet the Milan criteria before 

transplantation. The 4-year survival rate was favorable at 92.1%. However, a comparison has not 

been performed with a control group. Based on the American MELD score, the HCC-adjusted 

MELD organ allocation scheme assigns exception points and decreases the wait list time. 

Compared with the Milan criteria, a decreased wait time is more beneficial to HCC patients than 



  
 

147/309 
 

treatment response (LF108726) Level 3). Therefore, one must consider the organ allocation system 

and wait list time when interpreting report data for deceased donor liver transplantation. 

Living donor liver transplantation is the main type of transplantation performed in Japan and does 

not involve wait lists. There is insufficient evidence to support the use of pretransplantation 

treatment to improve prognosis within the scope of the search performed for this set of guidelines. 
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CQ31  What are the indications of liver transplantation for HCC? 

Recommendation 

Liver transplantation can be considered for HCC patients with decompensated cirrhosis if disease 

control is not possible using other treatment methods. Tumor diameter, tumor number, tumor 

marker levels, extent of vascular invasion, and degree of tumor differentiation are strong 

predictors of recurrence. Factors that can be evaluated before surgery include tumor diameter, 

tumor number, and tumor marker levels. Although it has been widely proposed that the Milan 

criteria be extended, these criteria are currently valid (Grade B). 

  

 Background 

Liver resection, percutaneous ablation therapies, and TACE are well advanced in Japan. However, 

nearly all patients undergo liver transplantation as a result of uncontrollable HCC or background 

liver damage such as decompensated cirrhosis, and this precludes other therapies. 

Liver transplantation for HCC not only removes all tumors from the liver but also serves to be an 

ideal treatment method for resolving metachronous multicentric recurrence (secondary de novo 

cancer) after surgery. Nevertheless, perioperative mortality is high compared with that associated 

with other therapies, and there are issues of risk and the need for donors. Therefore, a low 

recurrence rate is desired as an indication for operability, and it is important to be familiar with the 

post-transplantation prognostic factors for HCC. In addition, prognostic factors that can be 

evaluated before surgery, such as blood testing and diagnostic imaging, must be the criteria for 

transplantation. 

 Scientific Statement 

Tumor number and tumor diameter are factors that affect recurrence after transplantation for HCC 

(LF007391) Level 4). At present, these factors are linked to widely used selection criteria (Milan 

criteria: solitary tumor with a diameter of 5 cm or less, 2–3 tumors with a diameter of 3 cm or less) 
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(LF005402) Level 2a). In addition to these factors, histopathological factors in the explanted liver, 

such as vascular invasion and degree of tumor differentiation, have been reported to be 

independent prognostic factors (LF000173) Level 4, LF000654) Level 4, LF003425) Level 4, 

LF000266) Level 4). Recurrence of HCC immediately after transplantation is theoretically 

metastasis, and vascular invasion has been a consistent, medically verified prognostic factor. Other 

factors (number, size, degree of differentiation) can be thought of as alternative factors. 

Moreover, AFP and PIVKA-II (equal to DCP) levels reflect the biological malignancy of tumors 

and are reported to be independent prognostic factors for HCC recurrence after transplantation. In 

addition to past reports (LF000947) Level 4, LF111448) Level 2b, LF116029) Level 4), Todo et al. 

analyzed 653 cases of liver transplantation in Japan and reported that AFP and PIVKA-II were 

independent prognostic factors (LF1212810) Level 2b). Takada et al. also demonstrated that tumor 

number, tumor diameter, and PIVKA-II were independent factors (L3F0214311) Level 2b). Fujiki 

et al. reported that patients with elevated PIVKA-II levels often exhibit significant vascular 

invasion and poorly differentiated HCC and that PIVKA-II is also an alternative prognostic factor 

for liver transplantation (L3F0204912) Level 2b). Toso et al. reported AFP and total tumor volume 

(sum of tumor volumes) as independent prognostic factors (L3F0143313) Level 2b, L3F0214814) 

Level 2b), and DuBay et al. also independently reported AFP as an independent prognostic factor 

(L3F0132815) Level 2b). When determining whether transplantation is possible, factors that can be 

measured before surgery, such as tumor number, tumor size, and tumor marker levels, are of great 

clinical significance. 

Similarly, from the standpoint of preoperative evaluation, outcomes were favorable in patients 

who responded to TACE and local therapy before transplantation (LF1087316) Level 4, 

L3F0203217) Level 2b). It has also been reported that positive FDG-PET prior to transplantation is 

an independent prognostic factor (L3F0137818) Level 2b, L3F0428619) Level 2b). 

After the Milan criteria were released, they were expanded in terms of tumor number and tumor 

size. Many facilities have reported no significant difference in outcome when the original criteria 



  
 

150/309 
 

are used and that when the revised criteria are used (L3F0216520) Level 2a, L3F0205521) Level 2a, 

L3F0214122) Level 2b, L3F0145323) Level 2b). Mazzaferro et al., who proposed the Milan criteria, 

reported that if the up-to-seven criteria (sum of tumor number and maximum tumor diameter is 7 

or less) were met, there was no significant difference in outcome; however, this was a 

retrospective study conducted in patients without pathological vascular invasion (L3F0210024) 

Level 2b). Furthermore, by incorporating the aforementioned tumor markers into the criteria, it 

became possible to exclude highly malignant HCC patients before surgery, even when the criteria 

were extended in terms of tumor number and tumor size. Therefore, the expanded criteria were 

also found to be useful (L3F0214325) Level 2b, L3F0143326) Level 2b, L3F0208027) Level 2b). 

The relationship between transplant outcome and recurrence after HCC therapy was examined in 

a study in which three groups were compared for post-transplantation survival rate and recurrence 

rate. The groups included patients who underwent transplantation because of post-resection 

recurrence, those who underwent transplantation because of recurrence after pretreatment without 

liver resection, and those who did not undergo pretreatment. No significant differences were 

observed in outcomes among the three groups (L3F0167128) Level 2b). Background liver 

characteristics such as post-transplantation survival rates and relapse-free survival rates were 

compared between hepatitis C-positive and -negative patients; both were poorer for the hepatitis 

C-positive patients than for the hepatitis C-negative patients (LF1150829) Level 2b). 

 Explanation 

Pathological vascular invasion and degree of tumor differentiation are consistently strong 

prognostic factors, yet it is not realistically feasible to evaluate these factors before surgery. In 

terms of selection criteria for transplantation candidates, tumor diameter and tumor number are 

significant factors. In addition, AFP, PIVKA-II, and response to pretransplantation TACE may be 

factors worth investigating. On the basis of patient outcomes, further extension of the Milan 

criteria to include transplantation has been emphasized upon of late. However, these criteria also 

depend on the alternative factors of tumor number, tumor size, and tumor marker levels. In order 
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to verify expanded criteria, they must be compared to the original Milan criteria in a large-scale, 

prospective, noninferiority study. Therefore, the Milan criteria are currently appropriate selection 

criteria for liver transplantation candidates among HCC patients. 

It is difficult to perform such prospective noninferiority studies in the field of liver transplantation. 

In Japan, where there are few liver donors, such a study seems nearly impossible. First, 

determining the point of disease progression at which a patient becomes eligible for 

transplantation is complex, and determining the tolerable survival and recurrence rates is not so 

much a medical issue as it is a social issue. In Japan, where liver resection, percutaneous ablation 

therapies, and TACE are well advanced, transplantation is almost always performed when HCC 

has become uncontrollable or when background liver damage such as decompensated cirrhosis 

precludes other treatments. Consequently, in the present situation, liver transplantation is 

performed when all other treatment options are deemed impossible. Unlike the situation in 

western countries, where deceased liver donation is most common, deceased donor liver 

transplantation for HCC are rarely performed in Japan, even with the recent increase in its 

applicability. Therefore, there is no need to consider a fair distribution of deceased donor organs. 

Selection criteria for living donor liver transplantation for HCC are therefore determined by 

balancing curability and the risk of using living donors. In these guidelines, it is recommended that 

if the Milan criteria are fulfilled and if the safety of living donor transplantation and a low 

recurrence rate can be secured, transplantation should be allowed in each facility. 

Of the reports that examined liver transplantation outcomes for HCC, few studies analyzed the 

differences between patients with recurrence after pretreatment and those with background liver 

damage. Therefore, it is necessary to accumulate more cases and conduct comparative studies 

with long-term follow-up durations. 

 References 

1) LF00739  McPeake JR, O’Grady JG, Zaman S, Portmann B, Wight DG, Tan KC, et al. 

Liver transplantation for primary hepatocellular carcinoma:tumor size and number 



  
 

152/309 
 

determine outcome. J Hepatol 1993;18(2):226-34. 

2) LF00540  Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A, Bozzetti F, et al. 

Liver transplantation for the treatment of small hepatocellular carcinomas in patients with 

cirrhosis. N Engl J Med 1996;334(11):693-9. 

3) LF00017  Hemming AW, Cattral MS, Reed AI, Van Der Werf WJ, Greig PD, Howard RJ. 

Liver transplantation for hepatocellular carcinoma. Ann Surg 2001;233(5):652-9. 

4) LF00065  Jonas S, Bechstein WO, Steinmuller T, Herrmann M, Radke C, Berg T, et al. 

Vascular invasion and histopathologic grading determine outcome after liver transplantation 

for hepatocellular carcinoma in cirrhosis. Hepatology 2001;33(5):1080-6. 

5) LF00342  Klintmalm GB. Liver transplantation for hepatocellular carcinoma:a registry 

report of the impact of tumor characteristics on outcome. Ann Surg 1998;228(4):479-90. 

6) LF00026  Tamura S, Kato T, Berho M, Misiakos EP, O’Brien C, Reddy KR, et al. Impact 

of histological grade of hepatocellular carcinoma on the outcome of liver transplantation. 

Arch Surg 2001;136(1):25-30;discussion 31. 

7) LF00094  Figueras J, Ibañez L, Ramos E, Jaurrieta E, Ortiz-de-Urbina J, Pardo F, et al. 

Selection criteria for liver transplantation in early-stage hepatocellular carcinoma with 

cirrhosis:results of a multicenter study. Liver Transpl 2001;7(10):877-83. 

8) LF11144  Todo S, Furukawa H;Japanese Study Group on Organ Transplantation. Living 

donor liver transplantation for adult patients with hepatocellular carcinoma:experience in 

Japan. Ann Surg 2004;240(3):451-9;discussion 459-61. 

9) LF11602  Shimada M, Yonemura Y, Ijichi H, Harada N, Shiotani S, Ninomiya M, et al. 

Living donor liver transplantation for hepatocellular carcinoma:a special reference to a 

preoperative des-gamma-carboxy prothrombin value. Transplant Proc 2005;37(2):1177-9. 

10) LF12128  Todo S, Furukawa H, Tada M;Japanese Liver Transplantation Study Group. 

Extending indication:role of living donor liver transplantation for hepatocellular carcinoma. 

Liver Transpl 2007;13(11 Suppl 2):S48-54. 



  
 

153/309 
 

11) L3F02143  Takada Y, Ito T, Ueda M, Sakamoto S, Haga H, Maetani Y, et al. Living donor 

liver transplantation for patients with HCC exceeding the Milan criteria:a proposal of 

expanded criteria. Dig Dis 2007;25(4):299-302. 

12) L3F02049  Fujiki M, Takada Y, Ogura Y, Oike F, Kaido T, Teramukai S, et al. Significance 

of des-gamma-carboxy prothrombin in selection criteria for living donor liver transplantation 

for hepatocellular carcinoma. Am J Transplant 2009;9(10):2362-71. 

13) L3F01433  Toso C, Asthana S, Bigam DL, Shapiro AM, Kneteman NM. Reassessing 

selection criteria prior to liver transplantation for hepatocellular carcinoma utilizing the 

Scientific Registry of Transplant Recipients database. Hepatology 2009;49(3):832-8. 

14) L3F02148  Toso C, Trotter J, Wei A, Bigam DL, Shah S, Lancaster J, et al. Total tumor 

volume predicts risk of recurrence following liver transplantation in patients with 

hepatocellular carcinoma. Liver Transpl 2008;14(8):1107-15. 

15) L3F01328  DuBay D, Sandroussi C, Sandhu L, Cleary S, Guba M, Cattral MS, et al. Liver 

transplantation for advanced hepatocellular carcinoma using poor tumor differentiation on 

biopsy as an exclusion criterion. Ann Surg 2011;253(1):166-72. 

16) LF10873  Otto G, Herber S, Heise M, Lohse AW, Mönch C, Bittinger F, et al. Response to 

transarterial chemoembolization as a biological selection criterion for liver transplantation in 

hepatocellular carcinoma. Liver Transpl 2006;12(8):1260-7. 

17) L3F02032  De Carlis L, Di Sandro S, Giacomoni A, Slim A, Lauterio A, Mangoni I, et al. 

Beyond the Milan criteria:what risks for patients with hepatocellular carcinoma progression 

before liver transplantation? J Clin Gastroenterol 2012;46(1):78-86. 

18) L3F01378  Lee JW, Paeng JC, Kang KW, Kwon HW, Suh KS, Chung JK, et al. Prediction 

of tumor recurrence by 18F-FDG PET in liver transplantation for hepatocellular carcinoma. 

J Nucl Med 2009;50(5):682-7. 

19) L3F04286  Kornberg A, Küpper B, Tannapfel A, Büchler P, Krause B, Witt U, et al. 

Patients with non-[18F]fludeoxyglucose-avid advanced hepatocellular carcinoma on clinical 



  
 

154/309 
 

staging may achieve long-term recurrence-free survival after liver transplantation. Liver 

Transpl 2012;18(1):53-61. 

20) L3F02165  Yao FY, Xiao L, Bass NM, Kerlan R, Ascher NL, Roberts JP. Liver 

transplantation for hepatocellular carcinoma:validation of the UCSF-expanded criteria based 

on preoperative imaging. Am J Transplant 2007;7(11):2587-96. 

21) L3F02055  Guiteau JJ, Cotton RT, Washburn WK, Harper A, O’Mahony CA, Sebastian A, 

et al. An early regional experience with expansion of Milan Criteria for liver transplant 

recipients. Am J Transplant 2010;10(9):2092-8. 

22) L3F02141  Sugawara Y, Tamura S, Makuuchi M. Living donor liver transplantation for 

hepatocellular carcinoma:Tokyo University series. Dig Dis 2007;25(4):310-2. 

23) L3F01453  Zheng SS, Xu X, Wu J, Chen J, Wang WL, Zhang M, et al. Liver 

transplantation for hepatocellular carcinoma:Hangzhou experiences. Transplantation 

2008;85(12):1726-32. 

24) L3F02100  Mazzaferro V, Llovet JM, Miceli R, Bhoori S, Schiavo M, Mariani L, et 

al;Metroticket Investigator Study Group. Predicting survival after liver transplantation in 

patients with hepatocellular carcinoma beyond the Milan criteria:a retrospective, exploratory 

analysis. Lancet Oncol 2009;10(1):35-43. 

25) L3F02143  Takada Y, Ito T, Ueda M, Sakamoto S, Haga H, Maetani Y, et al. Living donor 

liver transplantation for patients with HCC exceeding the Milan criteria:a proposal of 

expanded criteria. Dig Dis 2007;25(4):299-302. 

26) L3F01433  Toso C, Asthana S, Bigam DL, Shapiro AM, Kneteman NM. Reassessing 

selection criteria prior to liver transplantation for hepatocellular carcinoma utilizing the 

Scientific Registry of Transplant Recipients database. Hepatology 2009;49(3):832-8. 

27) L3F02080  Kwon CH, Kim DJ, Han YS, Park JB, Choi GS, Kim SJ, et al. HCC in living 

donor liver transplantation:can we expand the Milan criteria? Dig Dis 2007;25(4):313-9. 

28) L3F01671  Kaido T, Mori A, Ogura Y, Hata K, Yoshizawa A, Iida T, et al. Living donor 



  
 

155/309 
 

liver transplantation for recurrent hepatocellular carcinoma after liver resection. Surgery 

2012;151(1):55-60. 

29) LF11508  Bozorgzadeh A, Orloff M, Abt P, Tsoulfas G, Younan D, Kashyap R, et al. 

Survival outcomes in liver transplantation for hepatocellular carcinoma, comparing impact 

of hepatitis C versus other etiology of cirrhosis. Liver Transpl 2007;13(6):807-13. 

  




