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Abstract
Hepatocellular carcinoma (HCC) is the most common primary malignancy in the liver. In very 
early/early HCC, surgical treatment is the treatment with the best outcomes. Surgical treatment for 
HCC included liver resection and liver transplantation. Recently, surgical treatment is toward liver 
transplantation instead of liver resection because disease-free and overall survival rates are better in 
liver transplantation than liver resection. However, liver donation is always short and it is impossible 
to perform primary liver transplantation for every HCC patient. Liver resection can undergo for the 
patients with low recurrent rate and liver allografts are allocated to the most suitable patients to 
achieve the best outcomes for all patients. Under this policy, liver resection will be preferred for the 
patients with solitary tumor and adequate liver function reservation and liver transplantation will 
be for the patients with multiple tumors, decompensate liver function or compensated liver function 
with clinical suspicion of portal hypertension.
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Introduction
Hepatocellular carcinoma (HCC) is the 5th most common malignancy in the world [1]. HCC is 

also the most common primary malignant tumor in the liver. Because the liver is the largest organ 
in the abdomen, tumors in the liver are always silent and hard to be detected. In the old days, the 
tumors in the liver were always large when the tumors were found and the prognosis was poor [1]. 
Currently, the small-sized liver tumors can be found by screening the high risk patients using blood 
samples and abdominal ultrasonography [2]. Therefore, these patients have the opportunities to 
receive curative treatments. What is the best treatment for an individual patient? This review focuses 
on how to choose surgical treatments for early stage HCC.

Screening of HCC
To find out the patients in early stage of HCC, screening of HCC has to be carried out. Who 

should be screened for liver tumors? To our knowledge, the etiologies of HCC are not really known 
until now. But, the presence of liver cirrhosis is a risk to develop HCC. The disease entities leading 
in liver cirrhosis will be the predisposing diseases contributing to HCC development. Hepatitis 
B infection, hepatitis C infection, alcoholic hepatitis, hemochromatosis, obesity, primary biliary 
cirrhosis and so on are all the well-known diseases associated with HCC [3,4]. The patients suffered 
from these diseases should be followed up and screened by abdominal ultrasonography and alpha-
fetoprotein (AFP) regularly [5,6]. Abdominal ultrasonography can detect 85-95% of the lesions 
when the diameters of the lesions are between 3 and 5 cm. The detection rate will decrease to 60-80% 
when the diameters of the lesions decrease to 1 cm. AFP can supplement the liver tumor detection 
and diagnosis. AFP is a biomarker for detecting HCC [7]. Although AFP is not produced by every 
single HCC, AFP ≥400ng/ml is diagnostic for HCC [4]. Even AFP does not reach 400 ng/ml, a rising 
level of AFP ≥200 ng/ml with a liver nodule is usually diagnostic for HCC, too [6].

Available Treatments of HCC
When the liver tumors are diagnosed as HCC based on radiological imaging studies [6], the 

following issue is how to treat HCC. The therapeutic modalities for HCC include liver resection 
[8-10], liver transplantation [11,12], radiofrequency ablation (RFA) [13,14], percutaneous ethanol/
acetic acid injection [15], transcatheter arterial chemoembolization (TACE) [16,17], molecular 
targeting therapy [18], immunotherapy [19-21], chemotherapy [22], radiotherapy [23], etc. The 
guidelines of treatments have been proposed by many medical societies [24-26]. Among them, 
Barcelona-Clinic-Liver-Cancer (BCLC) guideline is the most widely adopted currently [5]. Based 
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on BCLC staging system guideline, the tumors in their very early 
and early stages can be curatively treated by liver resection, liver 
transplantation and RFA. Nevertheless, liver resection and liver 
transplantation are the better treatments as they yield the best results 
among HCC therapeutic modalities [13,27,28].

Liver Resection
Surgical treatment of HCC includes liver resection and liver 

transplantation. Because liver donation is always short, liver resection 
remains a popular operation of HCC treatment. In Asian countries, 
liver resection for HCC is not limited in very early and early stage of 
HCC. A large-sized solitary tumor or tumor with ipsilateral portal 
vein thrombus is also indicated for liver resection if liver function 
reservation is enough [29].

For liver resection, the critical issue is accurate assessment of liver 
function and the residual liver volume after liver resection. Currently, 
the most common liver function assessment in Asia is indocyanine 
green (ICG) test [30]. Briefly, ICG test was performed by injecting 0.5 
mg/kg of ICG into a peripheral vein and drawing a blood sample from 
another site 15 minutes later. Results were presented as 15-minute 
retention rate of indocyanine green (ICGR15). Makuuchi et al. [31] 
described the criteria of liver resection based on ICGR15 test. If ICGR15 
is normal (<10%), right hepatectomy and trisegmentectomy can 
be performed safely. If ICGR15 is between 10-19%, left hepatectomy 
and right segmentectomy can be done. If ICGR15 is between 20-29%, 
segmentectomy can be done. If ICGR15 test is above 30%, only limited 
resection can be done. All these criteria are set based on considering 
the residual volume and liver function of the liver to prevent post-
hepatectomy liver failure. For more accurate assessment of the 
allowed range of liver resection, we established a formula, ratio (%) of 
residual volume = [1.98 x ICGR15

 + 0.3672] x 100% based on ICGR15 to 
precise range assessment of liver resection [32].

After adequate assessment of liver function and the estimation 
of the residual liver volume, surgical mortality is less than 5% in 
most of the centers with well experience in liver resection [33]. In a 
systemic review of liver resection for early HCC, the 5-year disease-
free survival rates ranged from 21% to 57% with a median of 37% and 
overall survival ranged rates from 27% to 81% with a median of 67% 
[33]. The overall survival of liver resection for early HCC approached 
to that of liver transplantation. However, the disease-free survival of 
liver resection was lower than that of liver transplantation. A high 
tumor recurrent rate was the most frequent critique of liver resection. 
Many papers have published the risk factors of tumor recurrence, 
including severity of cirrhosis, high ICGR15, high level of AFP, wide 
range of hepatectomy, limited resection margin, high blood loss, 
large-sized tumors, non-encapsulation of the tumor, microvascular 
invasion, presence of daughter nodules and poor differentiation of 
the tumor [9,34,35]. Most of these risk factors belong to liver function 
itself or tumor behavior. Therefore, there are two peaks of tumor 
recurrence after liver resection. The first peak is around the first year 
after liver resection, which is associated with tumor behavior such as 
microvascular invasion, AFP, encapsulation of tumor, etc. The second 
peak is around 4-5 years after liver resection which is associated 
with hepatitis activities and tumor multicentricity [36]. Thereafter, 
tumor recurrence seems not to be prevented for some patients. To 
avoid tumor recurrence, another option of surgical treatment for 
HCC is liver transplantation which removes HCC and diseased liver 
simultaneously.

Liver Transplantation
Liver transplantation is a smart surgical treatment for HCC, which 

treats liver tumor and cirrhosis simultaneously. In pioneer stage, liver 
transplantation was considered as an ideal treatment for Unresectable 
HCC because total hepatectomy could remove the unrespectable 
HCC. However, the tumors recurred easily. Almost 50% of the 
patients had tumor recurrence within 2 years after transplantation 
and 5-year survival rate was only 15.2% [37]. Thereafter, HCC was 
considered as a relative contraindication for liver transplantation.

Until early 1990s, Bismuth et al. [38] compared their patients who 
received liver resection or liver transplantation for HCC treatment 
and found that liver transplantation for early or incidental HCC 
yielded equivalent survival rate to their non-HCC counterparts. In 
1996, Mazzaferro et al. [39] publish so-called Milan criteria for HCC. 
If tumor is single, the diameter is not more than 5 cm. If tumors are 
multiple, the number of tumor should be not more than 3 and the 
largest diameter is not more than 3 cm. There are no portal vein 
invasion and extrahepatic metastasis. Under these criteria, 4-year 
actuarial survival reached 75%. Since then, Milan criteria become 
the gold standard of liver transplantation for HCC. However, Milan 
criteria might be too restrictive to let some patients have their 
opportunities of liver transplantation. Yao et al. [40] published the 
so-called University of California San Francisco (UCSF) criteria and 
extended the diameter to 6.5 cm for single tumor and 4.5 cm for the 
largest diameter of multiple tumors. The results under USCF criteria 
were not inferior to that of Milan criteria. Many centers continued 
to challenge Milan criteria, set up criteria by themselves and claimed 
that their results were comparable to that with Milan criteria [41]. 

However, these criteria like metro tickets in European Metro System 
“the further the distance, the greater the price” [42]. Mazzaferro et 
al. [43] themselves extended their criteria to up-to-7 criteria and 
claimed that the survival of liver transplantation for HCC under up-
to-7 criteria was similar to that of Milan criteria.

Currently, liver transplantation yields the bet results for HCC 
treatment if the tumors meet Milan, UCSF, up-to-7 or other certain 
restrict criteria. Sapisochin et al. [44] described their data of liver 
resection or liver transplantation for early and very early HCC. They 
found 1-, 5- and 10-year tumor recurrent rates were 18%, 69% and 
83% for liver resection, compared to 4%, 10% and 29% for liver 
resection, and thereafter, the 10-year survival rated was 33% for liver 
resection and 49% for liver transplantation. Morris-Stiff et al. [45] 
reviewed the surgical treatment for HCC and found that 3- and 5- 
disease-free and overall survival rates for liver transplantation were 
much better than liver resection. In a meta-analysis study, the 1-, 3- 
and 5-year survival rates were higher in liver transplantation than in 
liver resection for HCC. The 3- and 5-year overall survival rates were 
also significant higher in liver transplantation than in liver resection 
[46]. Although liver transplantation can yield good outcomes for 
HCC treatment, beyond the criteria and microvascular invasion still 
are the risks of tumor recurrence after liver transplantation [47,48].

Choice Liver Resection or Liver 
Transplantation

Because liver transplantation for early HCC yields better disease-
free and overall survival rates, surgical treatment for HCC is shifted 
from liver resection to liver transplantation recently [49]. However, 
liver allografts are always limited and primary liver transplantation 
is not possible for every HCC patients. To achieve the best results 
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of surgical treatment for all HCC patients, we have to choose liver 
resection or liver transplantation for right HCC patients. Based on 
our knowledge, choice of liver resection or liver transplantation 
depends on tumor size, tumor number and liver function.

(A) If liver function is good and liver tumor is solitary, liver 
resection can be chosen [50].

(B) If liver function is good and tumors are multiple, liver 
transplantation is preferred because multiple-tumor is the risk factor 
of tumor recurrence after liver resection.

(C) If liver function is decompensate and liver tumor/tumors is 
within Milan criteria, liver transplantation is indicated, which is the 
best treatment [51].

(D) If liver function is decompensate and liver tumor/tumors is 
outside Milan criteria, TACE or RFA can be performed to downstage 
the tumor/tumors and followed by liver transplantation [52-54]. The 
problem is whether the liver function can tolerate TACE or RFA.

However, there is a dilemma to choose liver resection or liver 
transplantation sometimes when a solitary tumor is in the liver with 
compensated function but clinical suspicious portal hypertension. 
Huang et al. [51] analyzed the outcomes of liver resection for solitary 
HCC with diameter ≤ 5 cm in their patients whose liver function was 
in Child-Push A. The results showed that the patients with moderate/
severe cirrhosis had worse disease-free and overall survival rates than 
the patients with mild cirrhosis or non-cirrhosis. In our previous 
study, liver cirrhosis and clinical suspicion of portal hypertension 
with platelet ≤ 105 x 103/mm3 were both the risk factors of early 
tumor recurrence [55]. Therefore, liver transplantation will be the 
optimal choice of treatment for the patients with clinical suspicion of 
portal hypertension.

Liver Donor Liver Transplantation
Liver transplantation is the best treatment for cirrhotic liver with 

liver tumors, however, deceased liver allograft is always short and 
HCC patients may not have the chance to have liver transplantation. 
The transplant candidates may be dropped out from the waiting list 
due to tumor progression. In the literature, a model assessment of 
transplant candidates of drop out from waiting list was designed 
[56]. Because the incidence of deceased organ donation is different 
in different countries, how long the HCC patients can wait in the 
waiting list before dropped out due to tumor progression is different. 
Living donor liver transplantation should be considered before the 
tumors progress and the candidates drop out from the list.

Salvage Liver Transplantation
Because liver allografts are always limited, it is not possible to 

perform primary liver transplantation for every early HCC patient. 
For the patients with well-preserved liver function, liver resection 
is still the preferred surgical treatment for HCC. However, all HCC 
patients with liver resection for HCC must be regularly followed 
up. When recurrent HCC is detected, salvage liver transplantation 
should be considered [57]. Currently, survival rate of salvage liver 
transplantation is almost the same as primary liver transplantation. 
But, during operations, the complication of liver transplantation is 
higher than primary liver transplantation because of the adhesion 
of previous hepatectomy [58]. Adhesion protecting attempt may be 
considered for young HCC patients during liver resection, which may 
need liver transplantation some days later.

Conclusion
Liver resection and liver transplantation are both surgical 

treatments for HCC with better outcomes than other therapeutic 
modalities. Liver transplantation even has superior disease-free 
survival to liver resection. However, liver allografts may not be 
available anytime. Careful selection of liver resection and liver 
transplantation for the suitable patients will create a best result for 
HCC patients.

References
1. Sherman M. Hepatocellular carcinoma: epidemiology, surveillance, and 

diagnosis. Semin Liver Dis. 2010; 30: 3-16.

2. Maluccio M, Covey A. Recent progress in understanding, diagnosing, and 
treating hepatocellular carcinoma. CA Cancer J Clin. 2012; 62: 394-399.

3. Ferenci P, Fried M, Labrecque D, Bruix J, Sherman M, Omata M, et 
al. Hepatocellular Carcinoma (HCC) A Global Perspective. J Clin 
Gastroenterol. 2010; 44: 239-245.

4. El-Serag HB. Current ConceptsHepatocellular Carcinoma. N Engl J Med. 
2011; 365: 1118-1127.

5. Bruix J, Sherman M, American Association for the Study of Liver D. 
Management of hepatocellular carcinoma: an update. Hepatology. 2011; 
53: 1020-1022.

6. Bruix J, Sherman M. Management of hepatocellular carcinoma. 
Hepatology. 2005; 42: 1208-1236.

7. Chan SL, Mo FK, Johnson PJ, Hui EP, Ma BB, Ho WM, et al. New utility 
of an old marker: serial alpha-fetoprotein measurement in predicting 
radiologic response and survival of patients with hepatocellular carcinoma 
undergoing systemic chemotherapy. J Clin Oncol. 2009; 27: 446-452.

8. Nagashima I, Hamada C, Naruse K, Osada T, Nagao T, Kawano N, et al. 
Surgical resection carcinoma for small hepatocellular. Surgery. 1996; 119: 
40-45.

9. Lee W-C, Jeng L-B, Chen M-F. Estimation for prognosis after hepatectomy 
for hepatocellular carcinoma. Br J Surg. 2002; 89: 311-316.

10. Dahiya D, Wu TJ, Lee CF, Chan KM, Lee WC, Chen MF. Minor versus 
major hepatic resection for small hepatocellular carcinoma (HCC) in 
cirrhotic patients: a 20-year experience. Surgery. 2010; 147: 676-685.

11. Zarrinpar A, Kaldas F, Busuttil RW. Liver transplantation for hepatocellular 
carcinoma: an update. Hepatobiliary Pancreat Dis Int. 2011; 10: 234-242.

12. Tanwar S. Liver transplantation for hepatocellular carcinoma. World J 
Gastroenterol. 2009; 15: 5511-5516.

13. Wang JH, Wang CC, Hung CH, Chen CL, Lu SN. Survival comparison 
between surgical resection and radiofrequency ablation for patients in 
BCLC very early/early stage hepatocellular carcinoma. J Hepatol. 2012; 56: 
412-418.

14. Shiina S, Tateishi R, Arano T, Uchino K, Enooku K, Nakagawa H, et al. 
Radiofrequency ablation for hepatocellular carcinoma: 10-year outcome 
and prognostic factors. Am J Gastroenterol. 2012; 107: 569-577.

15. Ansari D, Andersson R. Radiofrequency ablation or percutaneous ethanol 
injection for the treatment of liver tumors. world J gastroenterol. 2012; 18: 
1003-1008.

16. Ray CE Jr, Haskal ZJ, Geschwind JF, Funaki BS. The use of transarterial 
chemoembolization in the treatment of unresectable hepatocellular 
carcinoma: a response to the Cochrane Collaboration review of 2011. J 
Vasc Interv Radiol. 2011; 22: 1693-1696.

17. Raoul JL, Sangro B, Forner A, Mazzaferro V, Piscaglia F, Bolondi L, 
et al. Evolving strategies for the management of intermediate-stage 
hepatocellular carcinoma: available evidence and expert opinion on the 

https://www.ncbi.nlm.nih.gov/pubmed/20175029
https://www.ncbi.nlm.nih.gov/pubmed/20175029
https://www.ncbi.nlm.nih.gov/pubmed/23070690
https://www.ncbi.nlm.nih.gov/pubmed/23070690
https://www.ncbi.nlm.nih.gov/pubmed/20216082
https://www.ncbi.nlm.nih.gov/pubmed/20216082
https://www.ncbi.nlm.nih.gov/pubmed/20216082
http://www.oalib.com/references/9027639
http://www.oalib.com/references/9027639
https://www.ncbi.nlm.nih.gov/pubmed/21374666
https://www.ncbi.nlm.nih.gov/pubmed/21374666
https://www.ncbi.nlm.nih.gov/pubmed/21374666
https://www.ncbi.nlm.nih.gov/pubmed/16250051
https://www.ncbi.nlm.nih.gov/pubmed/16250051
https://www.ncbi.nlm.nih.gov/pubmed/19064965
https://www.ncbi.nlm.nih.gov/pubmed/19064965
https://www.ncbi.nlm.nih.gov/pubmed/19064965
https://www.ncbi.nlm.nih.gov/pubmed/19064965
https://www.ncbi.nlm.nih.gov/pubmed/8560384
https://www.ncbi.nlm.nih.gov/pubmed/8560384
https://www.ncbi.nlm.nih.gov/pubmed/8560384
https://www.ncbi.nlm.nih.gov/pubmed/11872055
https://www.ncbi.nlm.nih.gov/pubmed/11872055
https://www.ncbi.nlm.nih.gov/pubmed/20004441
https://www.ncbi.nlm.nih.gov/pubmed/20004441
https://www.ncbi.nlm.nih.gov/pubmed/20004441
https://www.ncbi.nlm.nih.gov/pubmed/21669564
https://www.ncbi.nlm.nih.gov/pubmed/21669564
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2785052/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2785052/
https://www.ncbi.nlm.nih.gov/pubmed/21756858
https://www.ncbi.nlm.nih.gov/pubmed/21756858
https://www.ncbi.nlm.nih.gov/pubmed/21756858
https://www.ncbi.nlm.nih.gov/pubmed/21756858
https://www.ncbi.nlm.nih.gov/pubmed/22158026
https://www.ncbi.nlm.nih.gov/pubmed/22158026
https://www.ncbi.nlm.nih.gov/pubmed/22158026
https://www.ncbi.nlm.nih.gov/pubmed/22416173
https://www.ncbi.nlm.nih.gov/pubmed/22416173
https://www.ncbi.nlm.nih.gov/pubmed/22416173
https://www.ncbi.nlm.nih.gov/pubmed/22035882
https://www.ncbi.nlm.nih.gov/pubmed/22035882
https://www.ncbi.nlm.nih.gov/pubmed/22035882
https://www.ncbi.nlm.nih.gov/pubmed/22035882
https://www.ncbi.nlm.nih.gov/pubmed/20724077
https://www.ncbi.nlm.nih.gov/pubmed/20724077
https://www.ncbi.nlm.nih.gov/pubmed/20724077


Wei-Chen Lee Clinics in Surgery - General Surgery

Remedy Publications LLC., | http://clinicsinsurgery.com/ 2016 | Volume 1 | Article 11984

use of transarterial chemoembolization. Cancer Treat Rev. 2011; 37: 212-
220.

18. Cheng AL, Kang YK, Chen Z, Tsao CJ, Qin S, Kim JS, et al. Effi cacy and 
safety of sorafenib in patients in the Asia-Pacifi c region with advanced 
hepatocellular carcinoma: a phase III randomised, double-blind, placebo-
controlled trial. Lancet Oncol. 2009; 10: 25-34.

19. Takayama T, Sekine T, Makuuchi M, Yamasaki S, Kosuge T, Yamamoto 
J, et al. Adoptive immunotherapy to lower postsurgical recurrence rates of 
hepatocellular carcinoma: a randomised trial. The Lancet. 2000; 356: 802-
807.

20. Prieto J, Melero I, Sangro B. Immunological landscape and immunotherapy 
of hepatocellular carcinoma. Nat Rev Gastroenterol Hepatol. 2015; 12: 
681-700.

21. Lee WC, Wang HC, Hung CF, Huang PF, Lia CR, Chen MF. Vaccination 
of Advanced Hepatocellular Carcinoma Patients with Tumor Lysate-
Pulsed Dendritic Cells-A Clinical Trial. J Immunither. 2005; 28: 496–504.

22. Ishikawa T. Chemotherapy with enteric-coated tegafur/uracil for advanced 
hepatocellular carcinoma. world J gastroenterol. 2008; 14: 2797-2801.

23. Ling TC, Kang JI, Bush DA, Slater JD, Yang GY. Proton therapy for 
hepatocellular carcinoma. Chin J Cancer Res. 2012; 24: 361-367.

24. Choi JY. Treatment algorithm for intermediate and advanced stage 
hepatocellular carcinoma: Korea. Oncology. 2011; 81: 141-147.

25. Verslype C, Rosmorduc O, Rougier P; ESMO Guidelines Working Group. 
Hepatocellular carcinoma: ESMO-ESDO Clinical Practice Guidelines for 
diagnosis, treatment and follow-up. Ann Oncol. 2012; 23: vii41-48.

26. Poon D, Anderson BO, Chen LT, Tanaka K, Lau WY, Van Cutsem E, et 
al. Management of hepatocellular carcinoma in Asia: consensus statement 
from the Asian Oncology Summit. Lancet Oncol. 2009; 10: 1111-1118.

27. Li L, Zhang J, Liu X, Li X, Jiao B, Kang T. Clinical outcomes of 
radiofrequency ablation and surgical resection for small hepatocellular 
carcinoma: a meta-analysis. J Gastroenterol Hepatol. 2012; 27: 51-58.

28.  Cha CH, Saif MW, Yamane BH, Weber SM. Hepatocellular carcinoma: 
current management. Curr probl surg. 2010; 47: 10-67.

29. Wu TJ, Wang F, Lin YS, Chan KM, Yu MC, Lee WC. Right hepatectomy 
by the anterior method with liver hanging versus conventional approach 
for large hepatocellular carcinomas. Br J Surg. 2010; 97: 1070-1078.

30. Fan ST, Lai ECS, Lo CM, Ng IOL,Wong J. ICG clearance in assessing 
cirrhotic patients with hepatocellular carcinoma for major hepatic 
resection. Arch Surg. 1995; 130: 198-203.

31. Imamura H, Sano K, Sugawara Y, Kokudo N, Makuuchi M. Assessment 
of hepatic reserve for indication of hepatic resection: decision tree 
incorporating indocyanine green test. J Hepatobiliary Pancreat Surg. 2005; 
12: 16-22.

32. Lee CF, Yu MC, Kuo LM, Chan KM, Jan YY, Chen MF, et al. Using 
Indocyanine Green Test to void Post-hepatectomy LiverDysfunction. 
Chang Gung Med J. 2007; 30: 333-338.

33. Lim KC, Chow PK, Allen JC, Siddiqui FJ, Chan ES, Tan SB. Systematic 
review of outcomes of liver resection for early hepatocellular carcinoma 
within the Milan criteria. Br J Surg. 2012; 99: 1622-1629.

34. Wu JC, Huang YH, Chau GY, Su CW, Lai CR, Lee PC, et al. Risk factors for 
early and late recurrence in hepatitis B-related hepatocellular carcinoma. J 
Hepatol. 2009; 51: 890-897.

35. Utsunomiya T, Shimada M, Kudo M, Ichida T, Matsui O, Izumi N, et 
al. Nationwide study of 4741 patients with non-B non-C hepatocellular 
carcinoma with special reference to the therapeutic impact. Ann Surg. 
2014; 259: 336-345.

36. Imamura H, Matsuyama Y, Tanaka E, Ohkubo T, Hasegawa K, Miyagawa 
S, et al. Risk factors contributing to early and late phase intrahepatic 

recurrence of hepatocellular carcinoma after hepatectomy. J Hepatol. 
2003; 38: 200-207.

37. Ringe B, Pichlmayr R, Wittekind C, Tusch G. Surgical Treatment 
of Hepatocellular Carcinoma: Experience with LiverResection and 
Transplantation in 198 Patients. World J. Surg. 1991; 15: 270-285.

38. Bismuth H, Chiche L, Adam R, Castaing D, Diamond T, Dennison A. 
Liver Resection Versus Transplantation for Hepatocellular Carcinoma in 
Cirrhotic Patients. Ann Surg. 1993; 218: 145-151.

39. 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: 693-699.

40. Yao FY, Ferrell L, Bass NM, Watson JJ, Bacchetti P, Venook A, et al. Liver 
transplantation for hepatocellular carcinoma: expansion of the tumor size 
limits does not adversely impact survival. Hepatology. 2001; 33: 1394-1403.

41. Silva MF, Sherman M. Criteria for liver transplantation for HCC: what 
should the limits be? J Hepatol. 2011; 55: 1137-1147.

42. Yao FY. Liver transplantation for hepatocellular carcinoma: beyond the 
Milan criteria. Am J Transplant. 2008; 8: 1982-1989.

43. Mazzaferro V, Llovet JM, Miceli R, Bhoori S, Schiavo M, Mariani L, 
et al. Predicting survival after liver transplantation in patients with 
hepatocellular carcinoma beyond the Milan criteria: a retrospective, 
exploratory analysis. Lancet Oncol. 2009; 10: 35-43.

44. Sapisochin G, Castells L, Dopazo C, Bilbao I, Minguez B, Lázaro JL, et al. 
Single HCC in cirrhotic patients: liver resection or liver transplantation? 
Long-term outcome according to an intention-to-treat basis. Ann Surg 
Oncol. 2013; 20: 1194-1202.

45. Morris-Stiff G, Gomez D, de Liguori Carino N, Prasad KR. Surgical 
management of hepatocellular carcinoma: is the jury still out? Surg Oncol. 
2009; 18: 298-321.

46. Xu XS, Liu C, Qu K, Song YZ, Zhang P, Zhang YL. Liver transplantation 
versus liver resection for hepatocellular carcinoma: a meta-analysis. 
Hepatobiliary Pancreatic Dis Int. 2014; 13: 234-241.

47. Chan KM, Yu MC, Chou HS, Wu TJ, Lee CF, Lee WC. Significance of 
tumor necrosis for outcome of patients with hepatocellular carcinoma 
receiving locoregional therapy prior to liver transplantation. Ann Surg 
Oncol. 2011; 18: 2638-2646.

48. Vitale A, Huo TL, Cucchetti A, Lee YH, Volk M, Frigo AC, et al. Survival 
Benefit of Liver Transplantation Versus Resection for Hepatocellular 
Carcinoma: Impact of MELD Score. Ann Surg Oncol. 2015; 22: 1901-1907.

49. Nathan H, Segev DL, Mayo SC, Choti MA, Cameron AM, Wolfgang CL, 
et al. National trends in surgical procedures for hepatocellular carcinoma: 
1998-2008. Cancer. 2012; 118: 1838-1844.

50. Jarnagin W, Chapman WC, Curley S, D'Angelica M, Rosen C, Dixon E, 
et al. Surgical treatment of hepatocellular carcinoma: expert consensus 
statement. HPB (Oxford). 2010; 12: 302-310.

51. Huang ZY, Liang BY, Xiong M, Dong KS, Zhang ZY, Zhang EL, et al. 
Severity of cirrhosis should determine the operative modality for patients 
with early hepatocellular carcinoma and compensated liver function. 
Surgery. 2016; 159: 621-631.

52. Toso C, Mentha G, Kneteman NM, Majno P. The place of downstaging for 
hepatocellular carcinomaq. J Hepatology. 2010; 52: 930-936.

53. De Luna W, Sze DY, Ahmed A, Ha BY, Ayoub W, Keeffe EB, et al. 
Transarterial chemoinfusion for hepatocellular carcinoma as downstaging 
therapy and a bridge toward liver transplantation. Am J Transplant. 2009; 
9: 1158-1168.

54. Chapman WC, Majella Doyle MB, Stuart JE, Vachharajani N, Crippin 
JS, Anderson CD, et al. Outcomes of neoadjuvant transarterial 
chemoembolization to downstage hepatocellular carcinoma before liver 
transplantation. Ann Surg. 2008; 248: 617-625.

https://www.ncbi.nlm.nih.gov/pubmed/20724077
https://www.ncbi.nlm.nih.gov/pubmed/20724077
https://www.ncbi.nlm.nih.gov/pubmed/19095497
https://www.ncbi.nlm.nih.gov/pubmed/19095497
https://www.ncbi.nlm.nih.gov/pubmed/19095497
https://www.ncbi.nlm.nih.gov/pubmed/19095497
https://www.ncbi.nlm.nih.gov/pubmed/11022927
https://www.ncbi.nlm.nih.gov/pubmed/11022927
https://www.ncbi.nlm.nih.gov/pubmed/11022927
https://www.ncbi.nlm.nih.gov/pubmed/11022927
http://www.nature.com/nrgastro/journal/v12/n12/full/nrgastro.2015.173.html
http://www.nature.com/nrgastro/journal/v12/n12/full/nrgastro.2015.173.html
http://www.nature.com/nrgastro/journal/v12/n12/full/nrgastro.2015.173.html
https://www.ncbi.nlm.nih.gov/pubmed/16113606
https://www.ncbi.nlm.nih.gov/pubmed/16113606
https://www.ncbi.nlm.nih.gov/pubmed/16113606
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2710718/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2710718/
https://www.ncbi.nlm.nih.gov/pubmed/23359779
https://www.ncbi.nlm.nih.gov/pubmed/23359779
https://www.ncbi.nlm.nih.gov/pubmed/22212948
https://www.ncbi.nlm.nih.gov/pubmed/22212948
http://annonc.oxfordjournals.org/content/23/suppl_7/vii41.full
http://annonc.oxfordjournals.org/content/23/suppl_7/vii41.full
http://annonc.oxfordjournals.org/content/23/suppl_7/vii41.full
https://www.ncbi.nlm.nih.gov/pubmed/19880065
https://www.ncbi.nlm.nih.gov/pubmed/19880065
https://www.ncbi.nlm.nih.gov/pubmed/19880065
https://www.ncbi.nlm.nih.gov/pubmed/22004366
https://www.ncbi.nlm.nih.gov/pubmed/22004366
https://www.ncbi.nlm.nih.gov/pubmed/22004366
https://www.ncbi.nlm.nih.gov/pubmed/19963083
https://www.ncbi.nlm.nih.gov/pubmed/19963083
https://www.ncbi.nlm.nih.gov/pubmed/20632274
https://www.ncbi.nlm.nih.gov/pubmed/20632274
https://www.ncbi.nlm.nih.gov/pubmed/20632274
file:///C:\Users\user\Downloads\HPB-10-182 (3).pdf
file:///C:\Users\user\Downloads\HPB-10-182 (3).pdf
file:///C:\Users\user\Downloads\HPB-10-182 (3).pdf
https://www.ncbi.nlm.nih.gov/pubmed/15754094
https://www.ncbi.nlm.nih.gov/pubmed/15754094
https://www.ncbi.nlm.nih.gov/pubmed/15754094
https://www.ncbi.nlm.nih.gov/pubmed/15754094
https://www.ncbi.nlm.nih.gov/pubmed/17939263
https://www.ncbi.nlm.nih.gov/pubmed/17939263
https://www.ncbi.nlm.nih.gov/pubmed/17939263
https://www.ncbi.nlm.nih.gov/pubmed/23023956
https://www.ncbi.nlm.nih.gov/pubmed/23023956
https://www.ncbi.nlm.nih.gov/pubmed/23023956
https://www.ncbi.nlm.nih.gov/pubmed/19747749
https://www.ncbi.nlm.nih.gov/pubmed/19747749
https://www.ncbi.nlm.nih.gov/pubmed/19747749
https://www.ncbi.nlm.nih.gov/pubmed/23673768
https://www.ncbi.nlm.nih.gov/pubmed/23673768
https://www.ncbi.nlm.nih.gov/pubmed/23673768
https://www.ncbi.nlm.nih.gov/pubmed/23673768
https://www.ncbi.nlm.nih.gov/pubmed/12547409
https://www.ncbi.nlm.nih.gov/pubmed/12547409
https://www.ncbi.nlm.nih.gov/pubmed/12547409
https://www.ncbi.nlm.nih.gov/pubmed/12547409
https://www.ncbi.nlm.nih.gov/pubmed/1851588
https://www.ncbi.nlm.nih.gov/pubmed/1851588
https://www.ncbi.nlm.nih.gov/pubmed/1851588
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1242923/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1242923/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1242923/
https://www.ncbi.nlm.nih.gov/pubmed/8594428
https://www.ncbi.nlm.nih.gov/pubmed/8594428
https://www.ncbi.nlm.nih.gov/pubmed/8594428
https://www.ncbi.nlm.nih.gov/pubmed/11391528
https://www.ncbi.nlm.nih.gov/pubmed/11391528
https://www.ncbi.nlm.nih.gov/pubmed/11391528
https://www.ncbi.nlm.nih.gov/pubmed/21718672
https://www.ncbi.nlm.nih.gov/pubmed/21718672
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-6143.2008.02351.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-6143.2008.02351.x/pdf
https://www.ncbi.nlm.nih.gov/pubmed/19058754
https://www.ncbi.nlm.nih.gov/pubmed/19058754
https://www.ncbi.nlm.nih.gov/pubmed/19058754
https://www.ncbi.nlm.nih.gov/pubmed/19058754
https://www.ncbi.nlm.nih.gov/pubmed/22965574
https://www.ncbi.nlm.nih.gov/pubmed/22965574
https://www.ncbi.nlm.nih.gov/pubmed/22965574
https://www.ncbi.nlm.nih.gov/pubmed/22965574
https://www.ncbi.nlm.nih.gov/pubmed/19062271
https://www.ncbi.nlm.nih.gov/pubmed/19062271
https://www.ncbi.nlm.nih.gov/pubmed/19062271
https://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0068592/
https://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0068592/
https://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0068592/
https://www.ncbi.nlm.nih.gov/pubmed/21584831
https://www.ncbi.nlm.nih.gov/pubmed/21584831
https://www.ncbi.nlm.nih.gov/pubmed/21584831
https://www.ncbi.nlm.nih.gov/pubmed/21584831
https://www.ncbi.nlm.nih.gov/pubmed/25234023
https://www.ncbi.nlm.nih.gov/pubmed/25234023
https://www.ncbi.nlm.nih.gov/pubmed/25234023
https://www.ncbi.nlm.nih.gov/pubmed/22009384
https://www.ncbi.nlm.nih.gov/pubmed/22009384
https://www.ncbi.nlm.nih.gov/pubmed/22009384
https://www.ncbi.nlm.nih.gov/pubmed/26453137
https://www.ncbi.nlm.nih.gov/pubmed/26453137
https://www.ncbi.nlm.nih.gov/pubmed/26453137
https://www.ncbi.nlm.nih.gov/pubmed/26453137
https://www.ncbi.nlm.nih.gov/pubmed/20385428
https://www.ncbi.nlm.nih.gov/pubmed/20385428
https://www.ncbi.nlm.nih.gov/pubmed/19344435
https://www.ncbi.nlm.nih.gov/pubmed/19344435
https://www.ncbi.nlm.nih.gov/pubmed/19344435
https://www.ncbi.nlm.nih.gov/pubmed/19344435
https://www.ncbi.nlm.nih.gov/pubmed/18936575
https://www.ncbi.nlm.nih.gov/pubmed/18936575
https://www.ncbi.nlm.nih.gov/pubmed/18936575
https://www.ncbi.nlm.nih.gov/pubmed/18936575


Wei-Chen Lee Clinics in Surgery - General Surgery

Remedy Publications LLC., | http://clinicsinsurgery.com/ 2016 | Volume 1 | Article 11985

55. Lee WC, Lee CF, Cheng CH, Wu TJ, Chou HS, Wu TH, et al. Outcomes 
of liver resection for hepatocellular carcinoma in liver transplantation era. 
Eur J Surg Oncol. 2015; 41: 1144-1152.

56. Toso C, Dupuis-Lozeron E, Majno P, Berney T, Kneteman NM, Perneger 
T, et al. A model for dropout assessment of candidates with or without 
hepatocellular carcinoma on a common liver transplant waiting list. 
Hepatology. 2012; 56: 149-156.

57. Bhangui P, Allard MA, Vibert E, Cherqui D, Pelletier G, Cunha AS, et al. 

Salvage Versus Primary Liver Transplantation for Early Hepatocellular 
Carcinoma: Do Both Strategies Yield Similar Outcomes? Ann Surg. 2016; 
264: 155-163.

58. Abe T, Tashiro H, Teraoka Y, Hattori M, Tanimine N, Kuroda S, et al. 
Efficacy and Feasibility of Salvage Living Donor Liver Transplantation 
after Initial Liver Resection in Patients with Hepatocellular Carcinoma. 
Dig Surg. 2016; 33: 8-14.

https://www.ncbi.nlm.nih.gov/pubmed/26163047
https://www.ncbi.nlm.nih.gov/pubmed/26163047
https://www.ncbi.nlm.nih.gov/pubmed/26163047
https://www.ncbi.nlm.nih.gov/pubmed/22271250
https://www.ncbi.nlm.nih.gov/pubmed/22271250
https://www.ncbi.nlm.nih.gov/pubmed/22271250
https://www.ncbi.nlm.nih.gov/pubmed/22271250
https://www.ncbi.nlm.nih.gov/pubmed/26649581
https://www.ncbi.nlm.nih.gov/pubmed/26649581
https://www.ncbi.nlm.nih.gov/pubmed/26649581
https://www.ncbi.nlm.nih.gov/pubmed/26649581
https://www.ncbi.nlm.nih.gov/pubmed/26551258
https://www.ncbi.nlm.nih.gov/pubmed/26551258
https://www.ncbi.nlm.nih.gov/pubmed/26551258
https://www.ncbi.nlm.nih.gov/pubmed/26551258

	Title
	Abstract
	Introduction
	Screening of HCC
	Available Treatments of HCC
	Liver Resection
	Liver Transplantation
	Choice Liver Resection or Liver Transplantation
	Liver Donor Liver Transplantation
	Salvage Liver Transplantation
	Conclusion
	References

