
Impact of Living Donor Liver Transplantation on the 
Improvement of Hepatocellular Carcinoma Treatment

Hepatocellular carcinoma (HCC) is a global health prob-
lem with high related death rates  and increasing inci-

dence. HCC usually arises in chronically diseased livers and 
without treatment has a low median survival rate. Many 
different treatment options exist including resection, per-
cutaneous ablation, locoregional therapies, and/or liver 
transplant (LT) but only 30%-40% of them have a chance for 
for curative treatment. Most of the cases are diagnosed at a 
late stage for curative treatment. During the past several de-
cades, LT has become an optimal treatment for HCC.LT can 
treat intrahepatic metastasis and multi-centric carcinogen-
esis in the setting of chronic liver disease similtaneously.[1]

Since 1996, Milan Criteria (MC) has been accepted world-
wide for LT in HCC treatment for cirrhotic patients. MC has 
been used for organ allocation with successful outcomes.
[2] Over time, the development of new criteria for LT and 
updated algorithms for HCC treatment became a hot dis-
cussion. With the matured experience in living donor liver 
transplantation (LDLT), especially in Asian countries, LDLT 
was established and adopted for HCC treatment, especially 
including criteria beyond the size and number of tumors 
established by MC. Living donor grafts are uniqely different 
than deceased donor. Living donor grafts are not a public 
resource. A living donor graft is a private gift intended for 
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a specific recipient. Living donor livers are not limited by 
organ allocation systems, and this significant advantage of 
LDLT has opened new frontiers in the treatment of HCC.

Historical Background

Hepatocelluler Carcinoma
Hepatocellular carcinoma is an important contributor 
to worldwide cancer and cancer-related death burden. 
The estimated worldwide incidence rate per 100,000 per-
son-years was 9.3 in 2018 and the mortality rate was 8.5. 
Worldwide close to 1.1 million new HCC cases and 600,000 
deaths per year were recorded. Hepatocellular carcinoma 
usually arises in chronically diseased livers, most com-
monly secondary to chronic HBV and HCV infection. In 
Asia and Africa, the incidence of HCC is significantly higher 
than in Western countries. This is mainly related to the high 
prevalence of chronic HBV infection representing more 
than two-thirds of cases worldwide. Concurrently, HCC 
incidence has significantly increased in Western countries 
over the past several decades. Most HCC cases in Western 
countries develop in patients with chronic liver disease due 
to viral hepatitis, alcohol metabolic syndrome, and non-al-
coholic fatty liver disease (NAFLD). With more robust recent 
worldwide vaccination policies and effective treatment op-
tions for both HBV and HCV infections, NAFLD has become 
the major cause of HCC, followed by alcoholic liver disease. 
In addition, epidemiologic studies of HCC have re-focused 
on metabolic syndrome, diabetes, obesity, tobacco use, 
dietary factors, genetic studies, and aflatoxin B1 (AFB1) in 
the past decades. Especially with climate change, AFB1 ex-
posure will be an important risk factor for future decades.
[1] Hepatocellular carcinoma treatment requires a complex 
multimodal therapeutic approach. Despite the remarkable 
improvements in arterial locoregional therapies, percuta-
neous ablation techniques, and medical treatment options; 
resection and LT are still potential curative treatment op-
tions for HCC in selected patients. Resection is the appro-
priate treatment for resectable HCC lesions in patients with 
good hepatic functional reserve. Resection as a therapeutic 
option remains limited at approximately 30% related to the 
patient's liver reserve and the high recurrence risk of more 
than 70% at 5 years.[3] There is no discussion that LT is the 
most effective treatment option for suitable HCC patients 
due to the advantage of treating both HCC and underlying 
liver disease. In contrast, some centers such as Park et al.[4] 
from Korea, have published data concluding that primary 
LDLT is not a good option in early HCC patients with poor 
biology because tumor recurrence is similarly high and sur-
vival is poor.

Liver Transplantation in HCC Treatment
The first LT series was reported by Thomas Starzl in 1963 
with three cases of which one was a pediatric 3-year-old 
biliary atresia case, and two cases were adults with prima-
ry liver cancer. Both cases unfortunately ended with early 
hospital mortality. Four years after the first attempts, lon-
ger survivals were achieved in four patients by Starzl.[5] LT 
truly reached global success and acknowledgment as an 
established therapeutic option in the 1980s due to the ef-
fects of numerous developments in liver preservation (hy-
pothermic perfusion utilizing the University of Wisconsin 
-Belzer solution), surgical techniques, immunosuppression 
treatment (cyclosporine by Sir Roy Calne), and appropri-
ate clinical and medical follow-up. Liver transplantation is 
currently the only lifesaving and definitive treatment for 
end-stage liver disease, acute liver failure, some metabolic 
diseases, and some liver tumors. However many people still 
die on the waiting list due to a global shortage of deceased 
donor liver grafts.

To overcome the size disparity of the graft for a pediatric re-
cipient, reduced-size liver transplantation was performed 
by Bismuth et al.[6] in 1981 and reported in 1984. Following 
years split-graft liver transplantation was then performed 
by Pichlmayr et al.[7] in 1988. With the experience of in-situ 
donor hepatectomy in reduced-size and split-graft DDLT 
the addition of the hepatobiliary surgery experience paved 
the way for LDLT. Although LDLT was initially considered as 
early as 1969, the first documented attempt was in a pe-
diatric patient by Raia et al.[8] in 1987 and the first success-
ful LDLT was achieved in a pediatric patient by Strong et 
al.[9] in 1989. Though the first pediatric LDLT attempts were 
performed in Western countries, adult LDLT improved and 
flourished in Asian countries, where deceased donation 
was low and hepatobiliary surgery was already well devel-
oped. Data from many studies shows that LDLT outcomes 
are similar to DDLT outcomes.

With the improvements in DDLT, early experience of HCC 
treatment with LT was discouraging due to higher recur-
rence rates and decreased patient survival. Many centers 
reported 5-year survival rates of 18% to 35.6% with recur-
rence rates of 39% to 42.9% till 1991.[10] In the early 1990s, 
two important discussion topics surrounded identifying 
risk factors for recurrence and selection criteria for LT. The 
Pittsburgh group showed that lymph node metastasis, vas-
cular invasion, tumor number, and size were the main risk 
factors for recurrence.[11]

Mazzaferro et al.[2] from Italy's National Cancer Institute re-
ported the MC for LT in HCC cases in 1996, demonstrating 
similar outcomes in HCC cases compared to LT for other 
diseases. The use of MC (single tumor ≤ 5cm or 3 tumors 
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≤ 3cm) worldwide has resulted in better outcomes in LT 
for HCC. It was a single-center retrospective study with 35 
cases meeting MC criteria between 1991 and 1994. As a 
result, MC has been included in important practice guide-
lines. A worldwide shortage of liver donors limits LT. With 
the development of the MC, restricting high-risk HCC pa-
tients from LT was successfully used to ensure an accept-
able recurrence rate and post-LT survival.[10] However over 
time, transplant experiences demonstrated that patients 
identified to be beyond MC on explant histopathology 
still had acceptable survival rates and thus a discussion 
for extending patient selection criteria for LT was fueled. 
The MC has been considered too restrictive by many in-
vestigators, particularly during the last two decades. MC 
may exclude a significant number of patients who could 
benefit from LT. Importantly, tumor numbers and sizes are 
often underestimated by preoperative imaging.[4] Addi-
tionally, many HCC patients die due to cancer progression 
while waiting on the transplant list. This waitlist mortal-
ity is different depending on region, but can be as high 
as 40%. Discussions regarding new criteria and LT algo-
rithms for HCC ensued. The first extended criteria beyond 
MC (single tumor ≤6.5cm or 2-3 tumor ≤4.5cm and total 
tumor size ≤8cm) was published by Yao et al.[12] (UCSF Cri-
teria). This was a study with 60 cases between 1988 and 
2000, with a 75.2% survival rate at 5 years. UCSF criteria 
expanded the recipient population by only 10% with re-
spect to MC and with acceptable survivals.

Living Donor Liver Transplantation in HCC 
Treatment
Adopting the UCSF criteria for LT for HCC patients, many 
centers started to report excellent outcomes with their 
new criteria.[13-27] There are numerous reports of both LDLT 
and DDLT with the new size and number limitation beyond 
MC. Though LDLT attempts continued in Western coun-
tries, significant progress was achieved in Asian countries, 
where religious and cultural beliefs do not allow deceased 
donations. LDLT allows many Asian centers not only to 
develop their center-specific expanded criteria, but also 
allows case-by-case evaluation with acceptable results 
without the limitations of allocation systems. Thus, LDLT 
for treatment of HCC has been adopted worldwide over 
the past decade (Table 1). LDLT is an important alterna-
tive to decrease waitlist times and theoretically limit HCC 
progression. LDLT offers a therapeutic surgical opportunity 
to patients with HCC out of the listing criteria for DDLT, as 
well as for patients who meet the criteria but are not able 
to wait because of end-stage liver disease. Additional ad-
vantages of LDLT include the excellent quality of the liver 
graft, the ability to carefully plan the surgery, minimization 

of ischemia times, and independence from adeceased do-
nor waiting list.[28]

With the advantages of LDLT at many centers, especially 
in Asia, started to evaluate their HCC patients on a case-
by-case basis. They started to evaluate the risk factors for 
recurrence, chance of survival, and strong wishes of the pa-
tient, donor, and her/his family for every cases separately.
[13-27] The review and meta-analysis by Zhu et al.[29] conduct-
ed in 5 European, 11 North American, 2 South American, 
10 Asian, and 1 African countries with 5,379 patients, con-
cluded that surgeons expanded the criteria for LDLT in HCC 
patients in the region with insufficient deceased donation. 
Unfortunately, Daoud et al.[30] from Houston Methodist 
Hospital, Texas, US, reported the data from 11,928 LT for 
HCC patients from the United Network for Organ Sharing 
(UNOS) between 2002 and 2013. In this analysis, less than 
1% (82) of cases were beyond the Milan and USCF criteria, 
and around 2% (291) were beyond the MC and within the 
USCF. Of 11,928 cases, 97% (11,555) were within the MC. 
No statistically differences in 1-, 3-, and 5-year survival 
rates were reported between the three groups. In addition, 
Zhu et al.[29] concluded that LDLT outcomes are similar to 
DDLT outcomes, which was also supported by the same 
outcomes both from Western[21, 30] and Asian[13] centers' re-
ported data.

The group from the University of Toronto, Canada, reported 
that the liver patients on their list with living liver donors 
have a lower risk of death than patients without living liver 
donor candidates. This is a 33% low risk of death in a coun-
try with a high deceased donation rate. Post-transplant 
outcomes are similar for both LDLT and DDLT. Interestingly, 
even with a potential living donor, there was an important 
dropout rate (14.6%) from the list, two-thirds of them due 
to HCC progression, which is different from Asian coun-
tries' experience.[21] In Asia and other countries with a low 
deceased donation rate, the majority of the HCC patients 
would have dropped out and died without a LDLT.[6]

In 2002, Bruix et al.[3] proposed that HCC expanded treat-
ment criteria for LDLT different than that for DDLT. This was 
added to the BCLC staging classification and treatment 
schedule, which is an accepted guideline worldwide. The 
proposed criteria were single tumor <7 cm or 3 tumors 
all <5 cm or 5 tumors all <3 cm, which extended the lim-
its beyond both the USCF criteria and MC. Following the 
literature review, it was concluded that the availability of 
LDLT had opened the potential for an expansion of the cri-
teria beyond those conventionally applied. Based on the 
achievement of 50% survival at 5 years in patients with early 
HCC in whom the waiting time allowed for tumor progres-
sion without reaching criteria for exclusion (extrahepatic 
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spread/macroscopic vascular invasion), a set of expanded 
criteria had been developed. This is currently under evalu-
ation for BCLC guidelines.[3] At that time, many centers had 
ongoing studies on LDLT in HCC patients beyond MC with 
their criteria and/or case-by-case evaluation which would 
be published in full in the following years.[13, 15, 31-33] LDLT of-
fered an opportunity to assess the applicability of LT for the 
treatment of patients with increased HCC tumor burden.

Starting with the first published data by Todo et al.[34] from 

Japan in 2004 and followed by Lee et al.[13] from Korea in 
2004 survival rates between 60% and 67% were reported 
for LDLT in patients beyond MC. Todo et al.[34] analyzed 316 
cases who received LDLTx for HCC between 1989 and 2003 
at 49 centers in Japan. They reported that AFP level, tumor 
size, vascular invasion, and bipolar distribution were inde-
pendent risk factors for HCC recurrence. The grade of histo-
logic differentiation of HCC showed a close correlation with 
tumor characteristics and recurrence. In addition, with the 

Table 1. Proposed Extended criteria beyond the UCSF and MC for LT for HCC under the impact of LDLT

Authors Year  Criteria & Center Country Characteristics of Criteria  Survival Rate 

Bruix et al.[3] 2002 Barcelona -Barcelona Clinic Spain Single tumor ≤7cm or  >50% (5 years)
Llovet et al.[23] 2018 Liver Cancer  3 tumors ≤5 cm or  80.2% (5 years)
    5 tumors ≤3 cm 
Ito et al.[32]  2007 Kyoto-Kyoto University Japan  Number ≤10, size ≤5cm 67% (5 years)
Kaido et al.[14] 2013    and DCP ≤400mAU/ml 82% (5 years)
Sugawara et al.[31] 2007 5-5 rule-Tokyo University Japan  Number ≤5, size ≤5cm 70% (5 years)
Akamatsu et al.[17] 2014 5-5-500 rule-Hokkaido University  and AFP ≤500 ng/ml 80% (5 years)
Shimamura et al.[36] 2019    75.8% (5 years)
Jonas et al.[33] 2007 Berlin -Multicenter  Germany No limit tumor number, 62% (3 years) 
    size ≤6 cm, and total size ≤15 cm 
Lee et al.[13] 2008 #Asan – Asan  Medical Center  S.Korea  Number ≤6 and Size ≤5 cm  73.2% (3 years)
    No gross vascular invasion
Zheng et al.[24] 2008 #Hangzhou – Zhejiang University China  Total size ≤8 cm or 87.7% (5 years)
Chen et al.[15] 2014 #CLTR- China Liver Transplant  Total size ≥8 with grade 1 and 2 66.3% (5 years)
Hu et al.[18] 2016 Registry  histopathology and AFP≤
    400ng/mL No limit size and number 
    with Hangzhou criteria
Dubay et al.[39] 2011 #Extended Toronto - Canada No limit size and number 70% (5 years)
Sapisochin et al.[25] 2016 Toronto University  No vascular invasion 68% (5 years)
Goldaracena et al.[21] 2019   No extrahepatic disease 79% (5 years)
    No cancer-related symptom
    Biopsy of largest tumor not 
    poorly differentiated
Shirabe et al.[26] 2011 Kyushu – Kyushu University Japan No number limit and Size 71.2% (5 years)
Uchiyama et al.[20] 2017   ≤ 5 cm and DCP ≤300 Mau/ml 82.1% (5 years)
Kim et al.[16] 2014 Samsung – Samsung S.Korea Number ≤7, size ≤6cm  89.6% (5 years)
  Medical Center  and AFP ≤1000 ng/mL
Lee et al.[19] 2016 National Cancer Center   S.Korea Number ≤10 and  82.1% (5 years)
    negative PET
Azoulay et al.[27] 2017 #Ministry of Health France No limit size and number  73.2% (5 years)
    No extrahepatic disease
    No vascular invasion
Wong et al.[28] 2019 #University of Hong-Kong China No limit number and size 80% (5 years)
    No extrahepatic disease
    No vascular invasion
Ince et al.[22] 2020 Malatya – Inonu University Türkiye No limit number, size ≤6 cm 79.7% (5 years)
    Well or moderate tumor differentiation
    AFP ≤200 ng/ml and GGT≤104 U/L

# LDLT and DDLT were performed together in these studies and outcome comparison done between LDLT and DDLT.
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advantage of LDLT, some centers began to push the lim-
its of size and number with no invasion of major vascular 
structures and no evidence of extrahepatic disease, as re-
ported in 2007 by Haberal et al.[35] from Türkiye.[30] With an 
overall 50.3% survival rate at 5 years, this report was prom-
ising for future studies.

Lee et al.[13] from Asan Medical Center in South Korea pre-
sented one of the pioneer studies in extended criteria for 
LDLT in HCC in an experienced LDLT center. Asan's criteria 
included cases with tumor size ≤5cm, tumor number ≤6, 
and no gross vascular invasion. They reported a 73.2% 
overall survival rate at 3 years in 186 cases between 1997 
and 2004. In 2007, Sugawara et al.[31] from the Japanese 
Liver Transplantation Society utilized a 5-5 rule (up to five 
nodules with a maximum diameter of 5 cm) and reported 
a 94% recurrence-free survival rate at 3 years after LDLT. In 
2019, with the addition of AFP ≤500mg/mL as a biologi-
cal parameter, criteria were modified as a "5-5-500 rule." 
The overall 5-year survival was reported at 75.8%, and 5-5-
500 criteria expanded the recipient population by 19% in 
comparison to MC with acceptable survivals.[36] With the 
new limits, Mazzaferro et al.[37] from Italy's National Cancer 
Institute expanded the criteria more than for the previous 
MC: up-to-7 – (Metro ticket) criteria (up to 7 tumors, with 
the size of the largest tumor up to 7cm). Their data showed 
that, using this criteria in the cases without microvascular 
invasion had a similar survival rate within MC cases. Micro-
vascular invasion affects all outcomes including for both 
LDLT and DDLT.

Given the expanded limits for HCC in LDLT and growing 
body of literature, this now allowed the discussion of the 
biological selection criteria and unique treatment options. 
We discussed our selection criteria and outcomes with a 
manuscript with my previous transplant team from Me-
morial Sisli Hospital, Istanbul, Türkiye.[38] In addition to our 
experience, many LDLT centers from Türkiye, Asian coun-
tries, and a few centers from Western countries published 
their results without any size and number limitations, but 
including biological behavior parameters and/or a case-by-
case basis.[13-27]

The University of Toronto group, a Western LT center, is one 
of the few centers that published their extended criteria 
with no tumor size and number limitation, showing the 
advantage of LDLT. In 2011, Dubay et al.[39] proposed the 
Extended Toronto Criteria (ETC), with no limit in tumor size 
and number, no vascular invasion, no extrahepatic disease, 
no cancer-related symptoms, and no poorly differentiated 
pathology from the biopsy of the largest tumor. This was 
a prospective study with a 79% overall survival rate and a 
78% disease-free survival rate at 5 years.[21]

New prognostic biomarkers for HCC are hot topics and 
have been studied, mostly from experienced LDLT centers, 
and additionally from DDLT centers seeking to study the 
outcomes of HCC patients undergoing LT. The most well-
known and studied biomarker is the serum alpha-fetopro-
tein (AFP) level.[40] Other promising biomarkers for HCC re-
currence are: des-gamma-carboxy prothrombin or protein 
induced by vitamin K absence or antagonist II (DCP or PIV-
KA-II), E-cadherin, beta-catenin, and high HCC expression 
of GPC-3 but additional research is necessary to establish 
the prognostic role of these biomarkers in the future.[41]

In 2007, Todo et al.[10] from Japan introduced AFP≤200ng/
mL and PIVKA II (DCP)≤100mAU/mL as a marker correlated 
with good biological behaviors of the HCC that could help 
to extend the indication for HCC treatment with LDLT. Lee 
et al.[42] from the National Cancer Center in Korea reported 
that beyond the MC with PET-negative status and a total tu-
mor size <10cm showed similar overall survival and disease-
free survival compared to MC recipients undergoing LDLT. 
In addition, Hong et al.[43] reported that serum AFP levels 
and 18 F-fluorodeoxyglucose positron emission tomogra-
phy scan (18F-FDG PET) positivity represent new biological 
criteria in place of morphological factors that can improve 
the risk stratification of tumor recurrence better than the MC 
for LDLT recipients with HCC.[22,37] Although AFP is the most 
widely used tumor marker for HCC it may not be the optimal 
indicator because only half of all tumors secrete this protein.

Kaido et al.[14] from Japan presented their outcomes with 
Kyoto criteria, including the level of des-gamma-carboxy 
prothrombin(DCP) as a biomarker with tumor number ≤10 
and tumor size ≤5cm. They reported a 82% overall 5-year 
patient survival. In addition, Uchiyama et al.[20] from Japan 
reported Kyushu criteria utilizing DCP level in 2017. They 
reported 8an 2.1% — a 82.1% overall survival rate and a 
80.4% disease-free survival rate at 5 years with criteria in-
cluding DCP ≤300 to any number of tumors with tumor 
size ≤5cm. Hwang et al.[44] from South Korea Asan Medical 
Center proposed using ADV score (AFP, DCP, and tumor vol-
ume) as a quantitative prognostic prediction for HCC fol-
lowing LDLT in 2020 which included 843 HCC cases. They 
concluded that this model can provide reliable information 
to help decide case selection for LDLT. In 2020, Ince et al.[22] 
from Malatya Transplant Institute in Türkiye reported their 
criteria, including blood GGT level below 104 IU/mL, AFP 
≤200ng/mL, tumor size ≤ 6 cm with no number limit, and 
well/moderate differentiation grade. They concluded that 
hepatoma-specific GGT (HS-GGT, GGT sub-fraction 2) has 
been used for the diagnosis of HCC and can be a parameter 
to predict poor survival. With Malatya criteria, they report-
ed a 79.2% overall 5-year survival and extended LT to an 
additional 27% of patients beyond the use of MC.
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A couple of studies had reported that LDLT had a worse re-
currence rate compared to DDLT for HCC cases due to the 
lack of understanding of tumor biology during the waitlist 
time. Waiting time is mostly shorter for LDLT recipients.
[15,18,28] Fast-tracking to LT, growth factor and cytokines re-
leased during the rapid regeneration of a partial graft, and 
surgery technique may be the reason for this worse HCC 
recurrence rate. The LT community has in part accepted 
this recurrence risk and recipient survival benefit as well as 
consideration of the donor's wishes should be taken into 
account for LDLT candidate selection because LD grafts are 
not public resources. However, the most recent consensus 
meeting reports have proposed a minimum of 50% overall 
survival goal for 5 years after LDLT for HCC.[4] The Transplant 
Oncology Consensus Conference of the International Liver 
Transplantation Society working group proposed a mini-
mum of 60% as a benchmark for 5-year postoperative LDLT 
survival with HCC treatment.[45] The degree of tumor differ-
entiation and microvascular invasion are indicators of bio-
logical aggressiveness for HCC. This was shown throughout 
most of the studies. Preoperative establishment of these in-
dicators seems to be the key to achieving better outcomes. 
A current review of the literature supports that criteria in-
cluding biological tumor markers increased overall survival 
rates significantly, and therefore, biomarkers predictive of 
tumor biology seem to be elemental to extend the role of 
LT in future HCC treatment.

Salvage Transplantation was introduced as a new surgical 
technique by Majno et al.[46] in 2000. With this technique, 
resection was a primary therapy which was followed by LT 
after HCC recurrence or decompensation. Another tech-
nique to improve the results of LT for advanced HCC with 
expanded criteria is down-staging the tumor within MC 
with pretransplant locoregional therapy. With this option, 
many HCC patients who are not transplantable due to be-
ing beyond MC could obtain survival benefits according to 
the non-transplant treatments. Living donor grafts are con-
sidered a private gift to a specific recipient and are not a 
public resource, and as such, the combination of resection 
and salvage LDLT technique should be considered and ex-
tended. The selection criteria for salvage LDLT seems to be 
no different than primary LDLT. Hwang et al.[47] from Asan 
Medical Center reported the results after implementation 
of their new scoring system (ADV score) which includes 
AFP, DCP, and tumor volume for salvage LDLT approach. 
They concluded that using ADV scoring salvage LDLT pa-
tients' postoperative outcomes are similar to primary LDLT 
patients. ADV score can help in the decision-making pro-
cess regarding salvage LDLT. However, with the poor prog-
nostic sign of previously resected HCC, salvage LDLT should 
be carefully considered even in patients within MC due to 

the high early recurrence risk. In addition, advanced HCC 
recipients with good responses to down-staging therapy 
tend to obtain satisfactory long-term survival after LDLT 
and similar outcomes with DDLT.[47]

The most recent reports in the literature are promising re-
garding the treatment of HCC with portal vein tumor throm-
bus (PVT) with successful LDLT after an intensive multidis-
ciplinary treatment approach. Historically, PVT in setting of 
HCC has been identified as a contraindication even in the 
LDLT setting. Suh et al.[48] from South Korea Seoul National 
University reported their results in LDLT for HCC patients 
with PVT. With preoperative AFP level ≤200ng/mL, they 
reported 87.5% overall and 65.5% disease-free survival 
at 3 years. In addition, many centers have begun to push 
the limits for LDLT with ABO-incompatible LDLT, dual graft 
LDLT, paired exchange, and non-directed liver donation.

The growing experience utilizing LDLT for extended criteria 
HCC tumors has allowed the transplant community to con-
sider LT as an option for other types of advanced tumors. 
Further expansion of LT boundaries is currently limited by 
organ shortages and other less common pathology; for ex-
ample, unresectable colorectal liver metastasis, intrahepat-
ic cholangiocarcinoma, rare liver metastatic tumors, etc.[49]

Two leader associations (EASL and AASLD) revised their 
guidelines. They continue to recommend MC as the bench-
mark for selection and argue that there is a lack of uniform 
consensus and limitations inherent to retrospective analy-
sis. Literature findings and revised guidelines supported 
with these literature findings strongly encourage centers 
moving away from MC to carefully collect prospective data 
on outcomes using new criteria for selecting patients, es-
pecially for LDLT. In 2019, The Transplant Oncology Consen-
sus Conference of ILTS working group discussed selection 
criteria and acceptable post-transplant outcomes for HCC 
patients undergoing LDLT versus DDLT. The first reported 
recommendation from this meeting was that the selection 
criterion for patients with HCC may be different in LDLT ver-
sus DDLT in selected cases, and the second recommenda-
tion was that selection of patients outside standard criteria 
for LDLT may use validated criteria based on AFP (<400 mg/
mL) and DCP (<7.5 ng/mL) cutoffs, 18F-FDG PET nonavid 
tumor, and if applicable, response to locoregional therapy 
to ensure acceptable tumor biology. There should be no 
extrahepatic disease or macrovascular invasion.[45]

The indications for LDLT in HCC or for other disease states 
are based on the balance between risks to the living donor 
and benefits to the recipient which is different than DDLT. 
Safe donation with a low complication rate is mandatory 
and key for LDLT yet still we must acknowledge that LDLT is 
an intricate procedure. It is a complex surgery with difficult 
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techniques including unique physiological demands due to 
the regeneration of a partial liver graft. Two major problems 
seem to be donor safety and increased biliary complications. 
A worldwide survey which included 11,553 living liver do-
nors, reported an estimated risk of donor mortality of 0.2%, 
transplant rate of the donor 0.04%, and overall morbidity 
of 24%. There are many reports from other centers that re-
ported their complication rates including our previous cen-
ter experience.[50] With growing experience and knowledge, 
the donor and recipient morbidity will be reduced. The goal 
is zero donor mortality with a low donor complication rate. 
Currently acceptable complication rate is < 20% for Clavien-
Dindo grade 1-2, and <5% for Clavien-Dindo grade 3-4 
complications.[45] Successful recipient surgery requires an 
adequate graft volume, sufficient portal flow, good venous 
outflow, and a soundbiliary reconstruction.[10]

With technical advances over the course of the past decade, 
LDLT may offer some advantages over DDLT. LDLT gives an 
important opportunity and unique chance for timely trans-
plantation without competition from the deceased donor 
organ pool and with minimal waiting time.[48] A living donor 
graft is a dedicated gift to an intended person and so this 
offers an unique advantage to the specific recipient. Despite 
this advantage, there is no consensus on a standard limit 
of tumor number and size for LDLT. During the last two de-
cades, HCC treatment with LT has improved remarkably, but 
there is currently no standard agreement on criteria and it 
varies widely among centers. There is promising hope for the 
future of HCC treatment with more robust clinical studies fo-
cused on prognostic biomarkers. The literature supports that 
LDLT has been proven to be a well-tolerated procedure and 
specifically expanded HCC criteria for LDLT has been proven 
acceptable in terms of disease-free and overall survival. New 
technologies to better predict outcomes and response to 
bridging treatments and determine tumor behavior are be-
ing incorporated into evolving criteria. LDLT is likely the best 
option for patients with HCC beyond MC after an adequate 
observation period.

Conclusion
Selection criteria remain a matter of debate for HCC treat-
ment with LT. Building upon the contributions of published 
studies from centers experienced in LDLT, pioneers in LDLT 
continue to search for the most refined criteria for LT in HCC, 
including biological, pathological, radiological, genetic, 
and inflammatory markers of tumor behavior that affect 
survival and recurrence rates in addition to tumor size and 
number. LDLT is an attractive option to decrease waitlist 
times, fast-track patients for LT, and theoretically limit HCC 
progression without the restrictions of the deceased donor 
allocation system. Minimizing mortality and morbidity risk 

for the donor should remain paramount and the known 
survival benefit to the recipient and wishes of the donor 
should be considered for LDLT candidate selection. Since 
living donor grafts are not public resources, the LT com-
munity already accepts a slightly higher recurrence risk of 
HCC after LDLT allowing us to push the limits of the field 
forward with the increasing experience in living liver donor 
recipient surgery. Lessons learned in LDLT will likely trans-
late into the expansion of the current criteria established as 
acceptable for DDLT. The continued improvements in LDLT 
have demonstrated remarkable parallel effects and have 
solidified the role of LDLT in HCC treatment. 
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