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SUMMARY

Liver transplantation is one of the best treatment options for selected patients with hepatocellular

carcinoma (HCC). The Milan criteria (a single tumor with a maximum size of 5 cm or two or three
tumors with a maximum size of 3 cm without evidence of vascular or extrahepatic involvement or
metastasis) are one of the most common criteria to select patients with HCC for transplantation,
though they are considered too restrictive. A moderate expansion of the criteria has been found to
yield comparable recurrence-free survival rates. HCC will recur in approximately 10% of patients,
and mostly within the first 2 years after transplantation. The preoperative level of alpha-fetoprotein,
macrovascular invasion, tumor size, and tumor number are prognostic factors for recurrence.
Recurrence of HCC after transplantation results in a poor prognosis.

Keywords

1. Introduction

Liver transplantation has been one of the standard
treatment options for patients with early-stage
hepatocellular carcinoma (HCC) (/). Liver
transplantation would be an ideal treatment for HCC
since it can treat both the tumor and the damaged liver
in the background, providing a higher chance of a cure
than other treatments.

Currently, liver transplantation to treat HCC
represents approximately15% of all liver transplants
(2). Since liver transplantation is an excellent treatment
option for HCC, the number of candidates exceeds
that of available donors (3). A more advanced tumor
is presumed to result in a poorer outcome. Patients
who would receive a major survival benefit from liver
transplantation need to be selected. Therefore, the
selection criteria for candidates are an important topic (4).

The current review describes the current status of
liver transplantation for HCC. The selection criteria
that will result in the maximum recurrence-free survival
are described. Immunosuppressor regimens are also
reviewed. Finally, the management of HCC recurrence
after liver transplantation is described.

2. Selection criteria

In the past, liver transplantation for HCC had poor
outcomes (J5) because of the high incidence of recurrence.

liver transplantation, Milan criteria, hepatocellular carcinoma

Later, Mazzaferro et al. (6) proposed criteria for the stage
of HCC: a single tumor < 5 cm or two or three tumors
< 3 cm without major vessel invasion or extrahepatic
tumor spread based on imaging studies. When the criteria
were met, the 4-year patient survival was 75% and the
recurrence-free survival was 83%. The criteria have
been adopted for deceased donor liver transplantation
and living donor liver transplantation (LDLT) in many
centers all over the world. The criteria, however, are
believed to be too strict, preventing many patients from
undergoing transplantation. The most commonly used
extended criteria are shown in Table 1.

Unlike in the West, in East Asian countries (7)
including Japan, most transplants have been LDLTs
(8). LDLT is a private issue between patients and their
families, and the indications for LDLT in terms of
tumor status can be considered on a case-by-case basis
Many transplantation centers performing LDLT have
adopted expanded criteria (9). This might enable more
patients to receive transplants without significantly
increasing the rate of HCC recurrence.

In Japan, the Japanese Organ Transplantation Act
was enacted in 1997 and amended in 2006. However,
there are still not enough deceased donor livers. By the
end of 2020, 658 deceased donor liver transplantations
and 9760 LDLTs have been performed. Of these, 1,747
were performed to treat HCC. LDLT for HCC has a
I-year survival rate of 85%, a 3-year survival rate of
76%, a 5-year survival rate of 71%, a 10-year survival
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Table 1 The extended criteria

Criteria & year Disease-free survival

Disease-free survival ~ Overall survival

Milan (6), 1996

a single tumor < 5 cm or two or three tumors < 3 cm without

92% at 4 years 85% at 4 years

major vessel invasion or extrahepatic tumor spread

USCEF (43) , 2007
Up-to-7 (44), 2009
Total tumor volume (45), 2015 <115 em’, AFP < 400 ng/mL

Extended Toronto (23), 2016
extrahepatic tumor spread

5-5-500 (10), 2019

a single tumor <5 cm or 3 tumors < 4.5 cm with total < 8 cm

Tumor number and sum of tumor diameter <7

Not poorly differentiated, without major vessel invasion or

Tumor number < 5, Tumor size <5 cm, AFP <500 ng/mL

91% at 5 years 81% at S years

64% at 5 years 71% at 5 years
68% at 4 years 78% at 4 years

30% at 5 years 68% at 5 years

73% at 5 years 76% at S years

AFP. alpha-fetoprotein

rate of 63%, a 15- year survival rate of 56%, and a 20-
year survival rate of 46%.

A recent study of a database (/0) examined 965
patients who underwent LDLT for HCC between
1990 and 2005. Of those patients, 664 were within the
Milan criteria and 301 were outside those criteria. New
criteria were proposed (the 5-5-500 rule) consisting of
a tumor number < 5, a tumor size < 5 c¢cm in diameter,
and a serum alpha-fetoprotein (AFP) level < 500 ng/
mL. This enables more candidates (n = 725) to receive
a transplant and it results in a 5-year recurrence rate of
less than 10%. The insurance system of the Japanese
Ministry of Health, Labor, and Welfare has now
covered the cost of the transplantation within the 5-5-
500 rule for deceased donor liver transplantation and
LDLT.

3. Resection and partial liver segment 2-3
transplantation with delayed total hepatectomy
(RAPID) procedure or auxiliary partial orthotopic
liver transplantation (APOLT)

RAPID is a new but an extrapolated concept
of auxiliary partial orthotopic liver transplantation
(APOLT), which is a long-used procedure (/7).

Few patients have undergone RAPID thus far (/2),
and few of those patients had HCC (13). Indications
for RAPID are HCC located in the left lobe of the liver,
cirrhosis with a low MELD score, and moderate portal
hypertension (/4). A recent case reported by Balci et
al. (15) suggested that RAPID is effective and safe in a
patient with a MELD score of 27.

4. Immunosuppression

Patients at high risk of HCC recurrence may benefit
from adjustment of immunosuppression. A high level
of calcineurin exposure has been found to be related to
HCC recurrence after transplantation. One hypothesis
that over-exposure to calcineurin inhibitors in the early

postoperative period might prevent the immune system
from detecting and destroying remaining HCC cells (/6).

The mammalian target of rapamycin (mTOR)
inhibitors (sirolimus and everolimus) are considered
to have anti-neoplastic effects on HCC (/7). Their use
might be related to lower rate of HCC recurrence (/8).
A prospective, randomized, open-label, international
multicenter trial was conducted with 525 transplant
recipients with HCC (/9). Results indicated that
sirolimus was associated with a statistically better
recurrence-free survival at 3 and 5 years after liver
transplantation. An analysis (20) of the Scientific
Registry of Transplant Recipients database indicated a
survival benefit of immunosuppression regimens that
included sirolimus. A prospective study (27), however,
revealed that everolimus had no significant effect on
HCC recurrence. The effectiveness of mTOR inhibitors
on the recurrence of HCC has yet to be confirmed.

5. HCC recurrence

With careful patient selection, the rate of HCC
recurrence ranges between 10-20% (22-24). Most
recurrence occurs within 2 years of transplantation
(25). The average time to recurrence ranges from 16
to 18 months (26-28). The sites of extrahepatic lesions
(around 60%) include the lungs, bone, the peritoneum,
and lymph nodes, followed by the liver (around 30%)
(29,30).

6. Treatment and prognosis

Survival time from the diagnosis of recurrence ranges
between 10 and 12 months (26,27). Treatment of
lesions is largely the same as that for the patients who
have not undergone transplantation (27,37,32). If
technically feasible, the most effective radical treatment
for recurrence is resection of the lesion (33). Ablation
therapy can be indicated if the lesion is small and
limited to the liver. The 1-year survival rate after radical
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resection to treat recurrence is 94% and the 2-year
survival rate is 53% (34).

If radical treatment is not feasible, trans-arterial
chemotherapy with sorafenib or lenvatinib will
be considered. Patients who received sorafenib or
lenvatinib and who tolerated it well had a survival of 20
months (34). Immune checkpoint inhibitors (nivolumab
and pembrolizumab) are now being tried as a second-
line therapy for recurrence (34,35). Their effectiveness
has yet to be confirmed.

Conversion to sirolimus is one therapy (36). In
one study (36), patients receiving sirolimus from the
moment that recurrence was diagnosed had a survival
of 12 months while those receiving unmodified
immunosuppressants had a survival of 8§ months.
Patients receiving symptomatic treatment did not
survive 1 year (27).

7. Predictors of recurrence

Tumor factors are the most relevant to tumor
recurrence. They are followed by preoperative levels
of the tumor markers AFP and DCP, which are used to
exclude patients from eligibility or the waiting list.

Models of the risk of recurrence are useful at
devising protocols for postoperative screening.
The RETREAT score (37) consists of 3 variables:
microvascular invasion, preoperative level of AFP, and
the sum of the largest viable tumor diameter and the
number of viable tumors on explant. Scores range from
0 to 5 or higher. A higher score indicates a higher risk
of recurrence; the possibility of recurrence is < 3% with
a score of 0 and > 75% with a score of 5 or higher.

The post-MORAL score (38) consists of four
independent predictors of recurrence: grade 4,
vascular invasion, size > 3 cm, and number > 3 (all are
postoperative). A study by UCLA (27) revealed that
predictors of mortality following recurrence included
the model for end-stage liver disease at transplantation
> 23, time to recurrence, > 3 recurrent nodules, the
maximum size of the recurrent lesion, bone recurrence,
the AFP level at recurrence, donor serum sodium, and
the pretransplant recipient neutrophil-lymphocyte
ratio. Sapisochin et al. (32) identified three significant
predictors: the lack of the potential for radical treatment
(resection or thermos-ablation), an AFP level at the
time of diagnosis > 100 ng/mL and early recurrence
within a year after transplantation. Those predictors
were confirmed by multicenter data (29).

8. Surveillance of recurrence

Postoperative screening will allow early detection of
recurrence. It can help to identify patients who are
eligible for radical treatment. Screening is related to
an increased chance of survival (25,30,317). Although
there are no universal protocols to screen for recurrence

(29,31), some experts recommend performing computed
tomography of the abdomen and chest with contrast
medium, bone scintigraphy, and measuring the AFP
level every 3-6 months for 2-3 years. Thereafter, the
test interval can be prolonged to 6-12 months (25,32,39).
Postoperative screening should be performed for each
patient (25).

9. Perspectives for the future

The appearance of direct-acting antivirals (DAAs)
to treat hepatitis C virus (HCV) has improved the
prognosis for patients with HCV. A recent study (40)
indicated that approximately 20% of cirrhotic patients
infected with HCV with or without HCC might be
delisted because of improved liver function after
therapy. The appearance of DAAs should decrease
patients undergoing liver transplantation for HCV and
HCC.

In contrast, the increase of non-alcoholic
steatohepatitis (NASH) has led to an increase in the
number of liver transplants for NASH with or without
HCC (41). The number of liver transplants for NASH
with HCC is expected to fill "the vacancy" left by the
decrease in the number of transplants for HCV with
HCC (42).

10. Conclusion

Liver transplantation is an established treatment for
patients with early-stage HCC. However, the shortage
of available organs necessitates the adoption of criteria
to ensure the optimal use of donor organs. In the LDLT
setting, some restrictive criteria are needed from an
ethical point of view to ensure a satisfactory recurrence-
free survival after liver transplantation.

References

1. Bruix J, Reig M, Sherman M. Evidence-based diagnosis,
staging, and treatment of patients with hepatocellular
carcinoma. Gastroenterology. 2016; 150:835-853.

2. Adam R, Karam V, Delvart V, et al. Evolution of
indications and results of liver transplantation in Europe.
A report from the European Liver Transplant Registry
(ELTR). J Hepatol. 2012; 57:675-688.

3. Northup PG, Intagliata NM, Shah NL, Pelletier SJ, Berg
CL, Argo CK. Excess mortality on the liver transplant
waiting list: unintended policy consequences and model
for end-stage liver disease (MELD) inflation. Hepatology.
2015; 61:285-291.

4. Sapisochin G, Bruix J. Liver transplantation for
hepatocellular carcinoma: Outcomes and novel surgical
approaches. Nat Rev Gastroenterol Hepatol. 2017,
14:203-217.

5. Penn I, Starzl TE. Malignant tumors arising de novo
in immunosuppressed organ transplant recipients.
Transplantation. 1972; 14:407-417.

6. Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti

www.biosciencetrends.com



BioScience Trends. 2022, 16(3):207-211.

210

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

A, Bozzetti F, Montalto F, Ammatuna M, Morabito A,
Gennari L. Liver transplantation for the treatment of
small hepatocellular carcinomas in patients with cirrhosis.
N Engl J Med. 1996; 334:693-699.

Chen J, Xu X, Wu J, Ling Q, Wang K, Wang W, Zhang
M, Shen Y, Zhou L, Xie H, Zheng S. The stratifying
value of Hangzhou criteria in liver transplantation for
hepatocellular carcinoma. PLoS One. 2014; 9:¢93128.
Hwang S, Moon DB, Lee SG. Liver transplantation
and conventional surgery for advanced hepatocellular
carcinoma. Transpl Int. 2010; 23:723-727.

Chan SC. Liver transplantation for hepatocellular
carcinoma. Liver Cancer. 2013; 2:338-344.

Shimamura T, Akamatsu N, Fujiyoshi M, Kawaguchi
A, Morita S, Kawasaki S, Shinji Uemoto S, Kokudo N,
Hasegawa K, Ohdan H, Egawa H, Furukawa H, Todo
S, Japanese Liver Transplantation Society. Expanded
living-donor liver transplantation criteria for patients
with hepatocellular carcinoma based on the Japanese
nationwide survey: The 5-5-500 rule — A retrospective
study. Transpl Int. 2019; 32:356-368.

Jaeck D, Boudjema K, Audet M, Chenard-Neu MP,
Simeoni U, Meyer C, Nakano H, Wolf P. Auxiliary partial
orthotopic liver transplantation (APOLT) in the treatment
of acute liver failure. J Gastroenterol. 2002; 37:88-91.
Nadalin S, Settmacher U, Rauchfull F, Balci D,
Konigsrainer A, Line PD. RAPID procedure for colorectal
cancer liver metastasis. Int J Surg. 2020; 82:93-96.
Dokmak S, Elkrief L, Belghiti J. Auxiliary liver
transplantation with a small deceased liver graft for
cirrhotic liver complicated by hepatocellular carcinoma.
Transpl Int. 2013; 26:¢102-104.

Deuffic-Burban S, Mathurin P, Rosa I, Bouvier AM,
Cannesson A, Mourad A, Canva V, Louvet A, Deltenre P,
Boleslawski E, Truant S, Pruvot FR, Dharancy S. Impact
of emerging hepatitis C virus treatments on future needs
for liver transplantation in France: A modelling approach.
Dig Liver Dis. 2014; 46:157-163.

Balci D, Kirimker EO, Bingol Kologlu M, Ustuner E,
Goktug UU, Karadag Erkoc S, Ali Yilmaz AA, Bayar
MK, Azap A, Erdem Er R, Dokmeci A, Karayalcin K. A
new approach for increasing availability of liver grafts
and donor safety in living donor liver transplantation:
LD-RAPID procedure in the cirrhotic setting with
hepatocellular carcinoma. Liver Transpl. 2021; 27:590-
594.

Rodriguez-Peralvarez M, De la Mata M, Burroughs AK.
Liver transplantation: Immunosuppression and oncology.
Curr Opin Organ Transplant. 2014; 19:253-260.

Semela D, Piguet AC, Kolev M, Schmitter K, Hlushchuk
R, Djonov V, Stoupis C, Dufour JF. Vascular remodeling
and antitumoral effects of mTOR inhibition in a rat model
of hepatocellular carcinoma. J Hepatol. 2007; 46:840-
848.

Cholongitas E, Mamou C, Rodriguez-Castro KI, Burra P.
Mammalian target of rapamycin inhibitors are associated
with lower rates of hepatocellular carcinoma recurrence
after liver transplantation: A systematic review. Transpl
Int. 2014; 27:1039-1049.

Geissler EK, Schnitzbauer AA, Ziilke C, et al. Sirolimus
use in liver transplant recipients with hepatocellular
carcinoma: A randomized, multicenter, open-label phase
3 trial. Transplantation. 2016; 100:116-125.

Yanik EL, Chinnakotla S, Gustafson SK, Snyder JJ,
Israni AK, Segev DL, Engels EA. Effects of maintenance

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

immunosuppression with sirolimus after liver transplant
for hepatocellular carcinoma. Liver Transpl. 2016;
22:627-634.

Rodriguez-Peralvarez M, Guerrero M, Barrera L, et al.
Impact of early initiated everolimus on the recurrence
of hepatocellular carcinoma after liver transplantation.
Transplantation. 2018; 102:2056-2064.

Bhoori S, Mazzaferro V. Current challenges in liver
transplantation for hepatocellular carcinoma. Best Pract
Res Clin Gastroenterol. 2014; 28:867-879.

Sapisochin G, Goldaracena N, Laurence JM, et al. The
extended Toronto criteria for liver transplantation in
patients with hepatocellular carcinoma: A prospective
validation study. Hepatology. 2016; 64:2077-2088.

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

Aggarwal A, Te HS, Verna EC, Desai AP. A national
survey of hepatocellular carcinoma surveillance practices
following liver transplantation. Transplantation Direct.
2021; 7:e638.

Ekpanyapong S, Philips N, Loza BL, Abt P, Furth EE,
Tondon R, Khungar V, Olthoff K, Shaked A, Hoteit
MA, Reddy KR. Predictors, presentation, and treatment
outcomes of recurrent hepatocellular carcinoma after
liver transplantation: A large single center experience. J
Clin and Exper Hepatol. 2020; 10:304-315.

Bodzin AS, Lunsford KE, Markovic D, Harlander-Locke
MP, Busuttil RW, Agopian VG. Predicting mortality in
patients developing recurrent hepatocellular carcinoma
after liver transplantation: Impact of treatment modality
and recurrence characteristics. Ann Surg. 2017; 266:118-
125.

Agopian VG, Harlander-Locke M, Zarrinpar A, Kaldas
FM, Farmer DG, Yersiz H, Finn RS, Tong M, Hiatt JR,
Busuttil RW. A novel prognostic nomogram accurately
predicts hepatocellular carcinoma recurrence after
liver transplantation: Analysis of 865 consecutive liver
transplant recipients. ] Am Coll Surg. 2015; 220:416-427.
Goldaracena N, Mehta N, Scalera I, Sposito C, Atenafu
EG, Yao FY, Muiesan P, Mazzaferro V, Sapisochin G.
Multicenter validation of a score to predict prognosis
after the development of HCC recurrence following liver
transplantation. HPB (Oxford). 2019; 21:731-738.

Lee DD, Sapisochin G, Mehta N, Gorgen A, Musto KR,
Hajda H, Yao FY, Hodge DO, Carter RE, Harnois DM.
Surveillance for HCC after liver transplantation: increased
monitoring may yield aggressive treatment options and
improved postrecurrence survival. Transplantation. 2020;
104:2105-2112.

Berenguer M, Burra P, Ghobrial M, Hibi T, Metselaar
H, Sapisochin G, Bhoori S, Man MK, Mas V, Ohira M,
Sangro B, van der Laan LJW. Posttransplant management
of recipients undergoing liver transplantation for
hepatocellular carcinoma. Working group report from
the ILTS Transplant Oncology Consensus Conference.
Transplantation. 2020; 104:1143-1149.

Sapisochin G, Goldaracena N, Astete S, et al. Benefit
of treating hepatocellular carcinoma recurrence after
liver transplantation and analysis of prognostic factors
for survival in a large Euro-American series. Ann Surg
Oncol. 2015; 22:2286-2294.

Welker MW, Bechstein WO, Zeuzem S, Trojan
J. Recurrent hepatocellular carcinoma after liver
transplantation - An emerging clinical challenge. Transpl

www.biosciencetrends.com



211 BioScience Trends. 2022, 16(3):207-211.

Int. 2013; 26:109-118.

34, Yang Z, Wang S, Tian XY, Xie QF, Zhuang L, Li QY,
Chen CZ, Zeng SS. Impact of treatment modalities
on patients with recurrent hepatocellular carcinoma

after liver transplantation: Preliminary experience. 42.

Hepatobiliary Pancreat Dis Int. 2020; 19:365-370.

35. Rammohan A, Reddy MS, Farouk M, Vargese J, Rela M.
Pembrolizumab for metastatic hepatocellular carcinoma
following live donor liver transplantation: The silver

bullet? Hepatology. 2018; 67:1166-1168. 43.

36. Wei Q, Xu X, Wang C, Zhuang R, Zhuang L, Zhou L, Xie
H, Wu J, Zhang M, Shen Y, Wang W, Zheng S. Efficacy

and safety of a steroid-free immunosuppressive regimen 44.

after liver transplantation for hepatocellular carcinoma.
Gut and Liver. 2016; 10:604-610.

37. Mehta N, Dodge JL, Roberts JP, Yao FY. Validation
of the prognostic power of the RETREAT score for

hepatocellular carcinoma recurrence using the UNOS 45.

database. Am J Transplant. 2018; 18:1206-1213.

38. Halazun KJ, Najjar M, Abdelmessih RM, Samstein B,
Griesemer AD, Guarrera JV, Kato T, Verna EC, Emond
JC, Brown RS Jr. Recurrence after liver transplantation
for hepatocellular carcinoma: A new MORAL to the

of nonalcoholic fatty liver disease and nonalcoholic
steatohepatitis among a largely middle-aged population
utilizing ultrasound and liver biopsy: A prospective study.
Gastroenterology. 2011; 140:124-131.

Reddy SK, Steel JL, Chen HW, DeMateo DJ, Cardinal
J, Behari J, Humar A, Marsh JW, Geller DA, Tsung A.
Outcomes of curative treatment for hepatocellular cancer
in nonalcoholic steatohepatitis versus hepatitis C and
alcoholic liver disease. Hepatology. 2012; 55:1809-1819.
Yao FY. Liver transplantation for hepatocellular
carcinoma: The hepatitis C quandary. Liver Transpl.
2007; 13:783-785.

Mazzaferro V, Llovet JM, Miceli R, ef 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.

Toso C, Meeberg G, Hernandez-Alejandro R, Dufour
JF, Marotta P, Majno P, Kneteman NM. Total tumor
volume and alpha-fetoprotein for selection of transplant
candidates with hepatocellular carcinoma: A prospective
validation. Hepatology. 2015; 62:158-165.

story. Ann Surg. 2017; 265:557-564. Received May 6, 2022; Revised May 23, 2022; Accepted May
39. Copeland E, Renault N, Renault M, Dyack S, Bulman 24,2022.

DE, Bedard K, Otley A, Magee F, Acott P, Greer WL.

Novel splice-site mutation in ATP8B1 results in atypical *Address correspondence to:

progressive familial intrahepatic cholestasis type 1. J Yasuhiko Sugawara, Department of Transplantation/Pediatric

Gastroenterol Hepatol. 2013; 28:560-564. Surgery, Postgraduate School of Life Science, Kumamoto
40. Belli LS, Berenguer M, Cortesi PA, et al. Delisting of University, 1-1-1 Honjo, Chuo-ku, Kumamoto 8603-8556,

liver transplant candidates with chronic hepatitis C after Japan.

viral eradication: A European study. J Hepatol. 2016; E-mail: yasusuga-tky@umin.ac.jp

65:524-531.

41. Williams CD, Stengel J, Asike MI, Torres DM, Shaw Released online in J-STAGE as advance publication May 26,
J, Contreras M, Landt CL, Harrison SA. Prevalence 2022.

www.biosciencetrends.com



