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Abstract
Liver transplantation (LT) is the treatment of choice for patients with hepatocellular carcinoma (HCC) and
underlying liver disease. Given the organ scarcity, LT for patients with HCC have been restricted to those patients
associated with the highest survivals. However, many patients with extended criteria HCC can still benefit from
LT, but due to deceased organ shortage, they are not offered that opportunity. Living donor liver transplantation
(LDLT) emerged as a successful strategy to overcome organ shortage around the world and as LDLT experience
grows, this technique might offer the opportunity to expand the indications of LT to patients with advanced HCC.
Therefore, since LDLT is not competing for deceased donor organs, many patients with extended criteria HCC who
could still benefit from transplantation may have access to this treatment option. In this review, we will discuss
the role of LDLT for patients with advanced-stage HCC and how LDLT allows for safe expansion of HCC transplant
criteria.
Keywords: Living donor liver transplantation, hepatocellular carcinoma, liver transplantation, transplant oncology,
clinical outcomes

INTRODUCTION
Hepatocellular carcinoma (HCC) is the third leading cause of death worldwide and the most common
primary liver cancer[1,2]. Resection provides the best treatment option for disease confined to the liver.
© The Author(s) 2020. Open Access This article is licensed under a Creative Commons Attribution 4.0
International License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
sharing, adaptation, distribution and reproduction in any medium or format, for any purpose, even commercially, as long
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However, the approach and final treatment depends on tumor size, number of tumors and their location, as
well as liver function and performance status. Liver transplantation (LT) has the advantage of removing the
underlying liver disease, reducing the risk for postoperative liver failure and de novo HCC development.
Therefore, LT is the best treatment option for patients with HCC and underlying liver cirrhosis. However,
due to organ scarcity, LT for HCC has been restricted to patients with the highest prospective 5-year
survival and recurrence rates[3].
Many have proposed that these criteria might be too restrictive, and that many patients with more
advanced disease would still benefit from LT if organs would be available[4,5].
Living donor liver transplantation (LDLT) emerged as a successful strategy to overcome organ shortage
around the world [6]. As LDLT experience grows, the application of this technique might offer the
opportunity to expand the boundaries of LT to settings in which the organ shortage presents a limitation.
Because the transplant candidate is not competing for deceased donor organs, patients with extended
criteria HCC who could still benefit from LT may have access to the treatment. Moreover, many studies
have already proven that LDLT might even offer a benefit over deceased donor liver transplantation (DDLT)
to patients fulfilling restrictive transplant criteria[7]. It is the scope of this study to review the role of LDLT
for patients with more advanced HCC and how LDLT allows for safe expansion of HCC transplant criteria.
Staging systems for hepatocellular carcinoma

Currently, there is no universal consensus regarding the best staging system for HCC and its management.
Among the many proposed, two main classification systems are used. The Barcelona Clinic Liver Cancer
(BCLC) classification, the most used in Western countries, and the Hong Kong Liver Cancer (HKLC)
staging system, which was created as a treatment guidance for Asian patients with HCC and is mainly used
in Asian countries. Both classification systems use parameters such as presence of extrahepatic vascular
invasion, tumor size, and number of nodules to stage HCC and provide management recommendations[8-11].
Despite both classifications being widely used, their differences complicate the decision-making process
for the transplant team when presented with an advanced HCC. In a recent Brazilian study[9], 519 patients
diagnosed with HCC were staged according to the BCLC and HKLC system with the aim to analyze
therapeutic approach for different stages. The authors found that between both systems, there was high
general agreement regarding therapeutic management of HCC in the Western population. The highest
agreement was between stages HKLC-I and BCLC-0 (100%) and HKLC-IV and BCLC-C (98.7%). However,
agreement was low in intermediate HCC cases (BCLC-B). The authors found that according to the HKLC,
more than 50% of the BCLC-B stage could have been candidates for curative treatment rather than
palliative treatment recommended by BCLC. Other authors agreed that BCLC is outdated, highly restrictive
with a trend to limit treatment options for more advance tumors, and needs re-evaluation in order to
achieve a proper classification of these patients with a management plan according to current practices[10].
It is crucial that HCC staging be conducted in an individualized manner, taking into account biological and
etiological heterogeneity among populations in order to provide the patient with the best treatment option
available in their case[9].

LIVING LIVER DONATION FOR HEPATOCELLULAR CARCINOMA
Surgical resection is generally recommended for Child-Pugh Class A cirrhotic patients without significant
portal hypertension or those with early-stage disease and a single HCC lesion[12]. However, multiple studies
have shown that transplantation can provide superior long-term outcomes over resection[3,12,13].
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The available literature comparing outcomes of LDLT and DDLT for HCC is limited[14-16]. Early reports
showed recurrence rates were higher after LDLT than DDLT, but this has been contradicted by recent
work[17,18]. An important advantage of LDLT is that it effectively allows HCC patients to not be in direct
competition with liver failure patients whose Model for End-Stage Liver Disease score afford them higher
wait list priority. Goldaracena et al.[16] found patients undergoing LDLT had faster access to transplant and
shorter wait times compared with DDLT. In this recent intention-to-treat analysis of 219 LDLTs and 632
DDLTs for HCC, patients with a potential live donor had a 33% reduction in risk of death from the time of
listing due to shorter wait time and decreased waitlist dropout risk. LDLT actually offered a survival benefit
over DDLT in this analysis.
Another important aspect unique to LDLT is that each graft is a private gift and not subject to the
allocation system. Donation can be direct or altruistic. Patients with advanced HCC should be evaluated
on an individual basis so that those outside conventional criteria who would benefit from a transplant can
receive one without the risks of disease progression while on the waitlist and its concomitant mortality.

CONVENTIONAL CRITERIA FOR LIVER TRANSPLANT FOR HEPATOCELLULAR CARCINOMA
The Milan criteria established the benchmark for acceptable outcomes for liver transplantation in HCC.
Mazzaferro et al.[19] reported recurrence rates less than 15% and a 5-year survival of 75% when transplanting
HCC patients with (a) one tumor less than 5 cm or (b) three tumors each less than 3 cm. The University
of California at San Francisco (UCSF) liberalized these size limitations and selected patients with (a) one
solitary tumor up to 6.5 cm or (b) three tumors with the largest 4.5 cm or less and total tumor diameter
8 cm or less[20]. Using these expanded criteria, the UCSF group matched Milan outcomes with recurrence
and 5-year survival rates of 10% and 75.2%, respectively. In 2008, the Asan Medical Center group in Seoul,
South Korea, further expanded eligibility criteria to include patients with up to 5 tumors and size less than
6 cm and achieved a 5-year survival rate of 81.6%[21].

TRANSPLANTATION BEYOND CONVENTIONAL CRITERIA
Many centers have sought to expand these traditional criteria, specifically by emphasizing tumor biology
and behavior as opposed to a reliance on tumor size and number[22]. The extended Toronto Criteria places
no restrictions on number of tumors or tumor size and offers transplantation to patients without systemic
cancer-related symptoms, extrahepatic disease, vascular invasion, or poorly differentiated tumors [5].
Sapisochin et al.[5] further validated these criteria with a prospective study including 105 patients outside
Milan and 76 beyond UCSF criteria, and reported a 5-year survival of 69% which did not differ significantly
from patients within Milan. An important aspect of this study was the authors found an alpha-fetoprotein
(AFP) level greater than 500 ng/mL to be predictive of poor outcomes.
In Asia, LDLT predominates over DDLT, and this region has been an epicenter for criteria expansion.
In 2016, the National Cancer Center - Korea reported an 85.2% overall 5-year survival and 84%
disease free survival after LDLT for 164 patients with total tumor size of 10 cm or less and a negative
18F-fluorodeoxyglucose positron emission tomography scan[23]. The Kyushu Criteria, published in 2017,
demonstrated a 75.9% 5-year survival rate when performing LDLT for 161 patients with any number of
tumors, but with size less than 5 cm or des-gamma carboxy prothrombin levels less than 300 mAU/mL[24].
An interesting aspect of this study was that it showed LDLT had a survival benefit when compared with
DDLT in an intention to treat sub-analysis, despite LDLT patients having more advanced tumor stage.

LIVING DONOR LIVER TRANSPLANTATION FOR ADVANCED HEPATOCELLULAR
CARCINOMA
Because deceased donor organs are allocated to patients on the waiting list expected to survive the longest
after transplant, advanced HCC often precludes DDLT. Many patients outside transplantable criteria are
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treated with palliative therapies that carry a 3-year survival rate of just 30%[25]. LDLT is now an option for
these patients that offers superior outcomes compared with palliative therapy.
A concise pre-operative evaluation is critical. Imaging techniques including CT and MRI are among the
most used diagnostic tools. However, characterization of tumor properties such as invasion into segmental
branches of the portal vein can be difficult to assess with these modalities alone[26]. While biomarkers and
cutoff levels vary among centers and within the literature, the most widely used are AFP, PIVKA-II, γ-GT/
ALT ratio, and recently proposed inflammatory markers including CRP, neutrophil-to-lymphocyte ratio,
and platelet-to-lymphocyte ratio[22,26-28].
A multicenter retrospective study in South Korea[28] evaluated the outcomes of LT for extremely advanced
HCC patients (n = 169), using AFP and PIVKA-II as a selection strategy to decide whether those patients
were suitable for LT. The authors found that patients with AFP + PIVKA‐II ≤ 300 showed a 5-year overall
and recurrence-free survival rate of 47.8% and 53.4%, respectively. These values were significantly superior
to those of patients with AFP (ng/mL) + PIVKA‐II (mAU/mL) > 300 (21.0% and 10.8%, respectively; P <
0.001). The authors concluded that that if tumor biology is favorable regardless of tumor size and number,
acceptable long-term survival after LT can be expected.
Recently, Kornberg et al.[27] analyzed 119 LT patients with advanced HCC to determine the prognostic
impact of clinical and histopathologic factors including pre-LT serum AFP and CRP values. The authors
identified that pre-transplant serum levels of AFP > 100 ng/mL (OR = 13.31) and CRP > 0.8 mg/dL (OR
= 13.97) were independent predictors of HCC recurrence. The group proposed a serological risk index
based on the mentioned biomarkers. A cumulative risk of HCC relapse at 5 years post-LT was determined
to be 2.3% in low serological tumor activity (STA) index (AFP ≤ 100 ng/mL + CRP ≤ 0.8 mg/dL), 17.1% in
intermediate STA (AFP ≤ 100 ng/mL or CRP ≤ 0.8 mg/dL), and 91.6% in high STA index (AFP > 100 ng/mL
+ CRP > 0.8 mg/dL; P < 0.001). Prospective randomized studies that provide validation and present
reproducible results are needed.
Despite being a promising therapeutic approach for advance HCC, evidence suggest that absolute
contraindications for transplant, includes presence of extrahepatic metastasis such as suspicious porta
hepatic nodal diseases, massive infiltrative type, major vascular invasion, and cases with ruptured HCC[29,30].
Vascular invasion

Portal vein tumor thrombosis (PVTT) is seen in up to 60% of HCC patients, and considered a marker
of systemic disease associated with a high rate of post-transplant recurrence[31-33]. Because of this, PVTT
has been traditionally considered a contraindication to liver transplantation. However, new studies are
challenging this convention based upon the PVTT classification. There are several classifications for PVTT
based on the portal vein segment involved. However, two classifications are currently valid to effectively
assess prognosis and provide guidance for surgical treatment[34]. The Liver Cancer Study Group of Japan
differentiates PVTT in four main categories of portal vein invasion, VP1, VP2, VP3, and VP4[34-36]. In a
similar fashion, Cheng et al.[34] proposed a four-category classification, with the distinction of a category
for microscopic portal vein invasion and the allusion of the extension of PVTT involving the superior
mesenteric vein or inferior vena cava[37,38] [Figure 1].
The prognosis of patients with HCC and PVTT is known to be deleterious [39] , and the BCLC
recommendation indicates Sorafenib as the only treatment option[33,40]. However, depending on the PVTT
classification, different treatment options are available and survival rates vary among the literature. A
summary of treatment strategies according to PVTT is provided in Figure 1[26,34,35,38,41]. In terms of LDLT,
within the scope of the present review, recent studies demonstrated LDLT is a viable option to improve
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Figure 1. Most commonly used classifications for Portal Vein Tumor Thrombosis (PVTT). Cheng’s classification of portal vein tumor
thrombosis[37], Japan’s PVTT portal vein invasion (VP) classification[34,35]. HAIC: hepatic arterial infusion chemotherapy; IFN-alpha
2b: interferon alfa-2b; LT: liver transplantation; RT: radiation therapy; TACE: transarterial chemoembolization; TARE: transarterial
radioembolization; 5-FU: 5-fluorouracil. *Under certain conditions; **not enough support[26,34,35,38,37,40,41]
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long-term survival outcomes among carefully selected patients under specific criteria such as: (a) PVTT
in a segmental branch, (b) AFP level < 100ng/mL, (c) low AP score, and (d) patients with HCC and PVTT
who were successfully downstaged[36,42,43].
In a paper in 2017, Choi et al.[36] evaluated PVTT recurrence, disease-free survival (DFS), and overall
survival (OS) in a cohort undergoing LDLT to treat HCC. Among the 242 patients, microvascular invasion
was apparent in two patients, segmental PVTT was noted in 27, while lobar PVTT was seen in 7 patients.
The authors aimed to define the branch level in which PVTT presence was acceptable in LT and found no
difference in DFS rate between microvascular invasion and segmental PVTT group, while those with lobar
PVTT exhibited poorer DFS and OS. No significant difference in the maximal or total tumor diameter or
tumor number was detected between groups. The authors found that in the segmental PVTT group, the
5-year DFS and OS rates were 63.9% and 50.3%, respectively, and did not differ signiﬁcantly from those of
the microvascular invasion group. Based on these results and similar 5-year survival rates between patients,
transplantation should not be restricted, and mutual donor and recipient interest should guide decisions to
proceed with transplantation.
Other LDLT experiences with patients with vascular involvement include the one by Lee et al.[43], which
reported successful LDLT in 11 HCC patients with macrovascular invasion. Recurrence-free survival at
5 years was 45.5%, and 5-year overall survival was 63.6%. The authors found tumor thrombus extension
into the main portal vein, elevated AFP, and tumor size greater than 7 cm to be independent risk factors
for recurrence. In the largest study to date, 46 patients with PVTT underwent LDLT after a downstaging
protocol using stereotactic body radiation in combination with transarterial chemo-embolization or
transarterial radio-embolization[42]. Five-year recurrence free survival and overall survival rates were
51% and 57%, respectively. Furthermore, the authors found several favorable prognosticators, including
lower initial AFP levels, significant decrease in AFP after downstaging, and low tumor grade. The authors
proposed offering their downstaging protocol to “all comers” with HCC and PVTT without extrahepatic
disease or extensive thrombosis of the main portal or superior mesenteric veins. Once again, this offers
the surgeon an opportunity to maximize the benefit of LDLT by allowing timing of the operation when the
disease is most under control and when it is most likely to be successful for the recipient.
Strategies before and after LDLT in advanced HCC patients

Downstaging and adjuvant therapy administration are commonly used strategies in advanced HCC
patients[44,45]. The goals of each vary depending on the treatment modality to be performed[44]. When
applied before transplantation (versus before resection), downstaging strategies are used to convert a
patient outside accepted criteria for transplantation into an acceptable candidate, by reducing tumor
burden. It is also used as a way to select patients with low rates of recurrence among those who would
have been excluded based on current criteria. On the other hand, adjuvant therapy is used in patients
following surgical management to help decrease the incidence of HCC recurrence, and thus, improve their
outcomes[30,44,45].
Locoregional therapies

Locoregional therapies provide several benefits: tumors outside Milan can be downstaged or downsized
so that criteria are met, patients within Milan with disease progression can be bridged to avoid waitlist
dropout, and tumor necrosis can be induced which reduces intraoperative tumor spread. Additionally,
response to these therapies reflects favorable disease biology and indicates recurrence risk.
The most commonly used locoregional techniques are stereotactic body radiation, transarterial chemoembolization, transarterial radio-embolization, and radiofrequency ablation. Aravinthan et al.[46] reported
their outcomes after liver transplantation in patients with advanced HCC within extended Toronto Criteria.
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Sixty-five percent of the patients underwent a protocol of bridging therapy, which led to significant
reductions in tumor burden and disease progression prior to transplant. A recurrence rate of 35% was
observed and 3-year survival was 56%, representing superior survival compared with palliative treatments.
Positive outcomes were also reported by Jeong et al.[47] in their experience with 17 HCC patients with major
vascular invasion who underwent LDLT after combined treatment with transarterial chemo-embolization
and radiotherapy. The authors found that the 1- and 3-years DFS were 70.6% and 57.8% and the OS rates
at 1- and 3-years were 87.4% and 60.5%, respectively. Even though long-term results are not provided, the
authors concluded that acceptable oncologic outcomes can be achieved in select HCC patients with major
vascular invasion, and suggest that LDLT might be a therapeutic option for these patients if the tumors
are downstaged considering that 1-year survival rate for HCC patients with PVTT is less than 10%. Even
though it has been reported that the use of downstaging strategies in the presence of extended criteria of
HCC for LDLT has decreased in Asian countries, published experience among Asian institutions revealed
comparable 5-year overall survival rates in patients who received LDLT after downstaging versus those
without downstaging[48].
A benefit to pre-operative therapy is the additional time for proper surgical planning. Where the price of
DDLT might be a gap in planning, locoregional therapies create an ideal setting for LDLT in that it provides
better selection and timing, allowing for a set date for the surgery when it is most likely to succeed when
the disease response is most appropriate after locoregional therapy.
Adjuvant therapy

HCC recurrence remains the leading cause of death after liver transplantation, and patients with advanced
disease are at particular risk[49]. Early recurrences are commonly seen in patients with associated negative
prognosis factors such as vascular invasion[45]. In order to help decrease the incidence of HCC recurrence
post-transplantation, numerous strategies have been proposed as adjuvant therapy; however, none have
been able to provide enough support regarding prolonged recurrence-free survival and none have been
widely accepted[50]. Other factors complicating the standardization of an adjuvant regimen for HCC is the
heterogeneity among HCC between different regions. Thus, targeting recurrence risk factors should be
analyzed in an individual manner. Currently published evidence include experience with systemic therapy
such as oral anti-HBV agents, tyrosine kinase inhibitors, IFN-alpha, TACE, anti-PD-1 antibodies (e.g.,
Nivolumab, pembrolizumab, atezolizumab), molecular-targeted agents, and chemotherapy agents (e.g.,
Oxaliplatin plus fluorouracil/leucovorin)[50].
Select immunosuppressive medications may portend an oncologic benefit, specifically mammalian target of
rapamycin (mTOR) inhibitors such as everolimus and sirolimus[51,52]. Inhibition of tumor growth mediated
by properties such as antiangiogenic and antiproliferative effects makes mTOR an extraordinary class
of immunosuppressants[53]. In 2016, a prospective-randomized open-label international trial compared
recurrence-free survival in sirolimus-containing versus mTOR inhibitor-free immunosuppression patients
undergoing LT for HCC. The authors found that sirolimus in LT recipients with HCC did not improve
long-term recurrence free survival beyond 5 years. However, a benefit in the first 3 to 5 years for recurrence
free survival and OS was evident. Regarding adverse events, both groups reported similar frequencies[53,54].
Clinicians should be aware of the increased risk of post-transplant HCC recurrence with calcineurin
inhibitors[54]. In a systematic review of 42 publications, patients on everolimus had significantly lower
recurrence rates of HCC versus calcineurin inhibitors and sirolimus[52]. Sorafenib, a multikinase inhibitor,
has also shown promise as an adjuvant therapy. In a study of 30 patients with HCC beyond Milan,
sorafenib reduced recurrence of post-transplant HCC compared with capecitabine[55]. However, contrasting
experiences have been published. A recent publication evaluating the role of Sorafenib on HCC recurrence
and survival in 45 patients with advance HCC on explant pathology after LT found that adjuvant
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treatment with sorafenib in LT recipients with high-risk features does not improved HCC recurrence-free
or overall survival[56]. When used, it is crucial to be aware of reported early and severe toxicities such as
hepatotoxicity, thrombocytopenia, anorexia, fatigue, hand-foot syndrome, and diarrhea[57].
An ongoing phase 3 study [IMbrave150 study (NCT03434379)] is being done to compare atezolizumab
with bevacizumab combination therapy with the standard of care (Sorafenib) among a large cohort of
patients with systemic treatment-naïve unresectable HCC. Preliminary phase Ib results showed that
the proposed combination resulted in improved progression-free survival compared with atezolizumab
monotherapy and had a tolerable safety profile[58]. Other clinical trials evaluating treatment combinations
with acceptable safety profile are currently being developed[59].
While promising, additional studies will be necessary to further elucidate the potential benefits of specific
immunosuppressive regimens as an adjuvant therapy after LDLT for advanced HCC.
Recurrence risk surveillance and useful prognosis tools

Tumor recurrence after LT is seen in approximately 15%-20% of HCC patients despite being within the
Milan criteria[54]. These data are even more worrisome in patients with advanced HCC, which supports the
notion that identification of risk factors for recurrence and a proper evaluation for LT plays a pivotal role in
the management of these patients.
Risk factors related to recurrence of HCC after LT include tumor factors such as staging, vascular invasion,
differentiation, and AFP level, among others. Relevant patient factors such as obesity, viral etiology,
HCV treatment, and NAFLD are also important, as well as factors related to the transplant, including
percutaneous tumor biopsy, waiting time, bridging therapy, donor’s age, ischemia time, surgical technique,
and post-transplant immunosuppression regimen and adjuvant therapy.
There is no consensus regarding the protocol for monitoring recurrence after LT. However, important
scores have been proposed and should be taken into account when performing follow-up for these
patients[60].
MORAL score

The Model of Recurrence After Liver (MORAL) transplant for HCC is a score developed by Halazun et al.[61]
at Columbia University Medical Center to predict recurrence and risk-stratification pre- and postoperatively. Variables included in the MORAL scoring system include pre-operative NLR ≥ 5, maximum
AFP > 200 ng/mL, largest tumor size > 3 cm, grade 4 tumors, vascular invasion, largest size on path > 3 cm,
and tumor number on path > 3. The recurrence risk stratification according to Pre-MORAL score divide
the risk of recurrence in low risk (0-2), medium risk (3-6), high risk (7-10) and very high risk (> 10).
Other authors, including a group from South Korea, have published variations of this model. Their
variation was derived using PIVKA II levels and AFP to stratify risk and predict HCC recurrence and was
developed including 205 patients with HCC beyond Milan criteria undergoing LDLT. The authors found
that a low MORAL score (≤ 314.8) was associated with significantly longer recurrence-free and overall
survivals in the beyond Milan criteria group. The 5-year recurrence-free and OS rates among these patients
were 66.3% and 82.6%, respectively. They conclude that their model provides advanced prognostication and
support the idea that HCC patients beyond Milan criteria without extrahepatic metastasis and low MORAL
score might be potential candidates for LDLT[62].
Metroticket 2.0 model

The model for Analysis of Competing Risks of Death After Liver Transplantation (Metroticket 2.0) for
HCC is a web-based calculator recognized by the European Liver and Intestine Transplant Association
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and the International Liver Transplantation, developed by Mazzaferro et al.[63]. The tool is used to predict
post-transplantation HCC specific survival, considering as events of interest only those deaths caused by
tumor recurrence. The objective is to provide an upgraded prognostic tool and refine selection criteria
for liver transplantation in patients with HCC. Outcome prediction was conducted using pre-operative
determinants of prognosis frequently associated with higher risk of pre-transplantation tumor progression
and poorer post-transplantation survival. The calculator is a free accessible tool found at www.hcc-oltmetroticket.org[63].

CONCLUSION
Until proven otherwise, surgical resection is the treatment of choice for patients with HCC confined to
the liver. It has been shown that even patients with advanced HCC can achieve cure with a more radical
resection as liver transplantation offers. Therefore, it is crucial that the transplant community changes the
paradigm and improves transplant criteria for patients with HCC. We should focus more on tumor biology
than size restrictions. In addition, tumor markers such as AFP and pathologic grade must be assessed.
Response to pre-transplant locoregional therapies might be a surrogate marker of more favorable disease,
which may impart lower post-transplant recurrence risk. In addition, current data proposes that PVTT
should not necessarily be considered a contraindication.
However, the question as to who should receive a liver transplant still persists. An important component
to answering this question will be the transplant surgeons who continue to push the limits and boundaries
by offering liver transplantation to advanced HCC patients. Nevertheless, the most crucial components
to what can be achieved are the patients and the donors; their willingness to accept the risks will make it
possible.
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