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Abstract:

Liver transplantation for hepatocellular carcinoma (HCC) is the best treatment option for
patients with early-stage tumours and accounts for ~20-40% of all liver transplantations performed
at most centres worldwide. The Milan criteria are the most common criteria to select patients with
HCC for transplantation but they can be seen as too restrictive. Several proposals have been made
for a moderate expansion of the criteria, which result in good outcomes but with an increase in the
risk of tumour recurrence. Novel surgical techniques have been developed to increase the available
pool of organs for liver transplantation (such as living donor liver transplantation, donation after
circulatory death and split livers), but the effect of these techniques on patients with HCC is still
under debate.
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Introduction:

From an oncologic perspective, liver transplantation is theoretically the optimal treatment
option, since total hepatectomy eliminates unrecognized intrahepatic metastasis as well as the
possibility of de novo HCC arising from the underlying liver disease, and it removes cirrhotic liver
tissue (1).

In March 1st 1963, Starzl et al. did the first liver transplantation in the world. The patient
was an 3-year-old boy with biliary atresia who underwent liver transplantation, however, he died
during the surgery because of coagulation disorder and uncontrolled bleeding(2).

In July 1989, Strong et al. performed the first successful transplantation of a liver graft
from a living related donor; the donor was a 29-year-old woman and the recipient was her 17-
month-old son (3). The first adult LDLT was performed in 1994(4).
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When orthotopic liver transplantation (OLT) was first introduced, it was offered to patients
with unresectable disease secondary to tumor burden or liver dysfunction, and in so doing, the
survival rates were low and recurrence rates were high (5). the Milan criteria were established In
an attempt to improve survival following OLT, a clear cut patient selection criteria according to
tumor number and size had been adopted by most transplant centers and the long-term survival of
over 80% was consistently achieved (6).

In Egypt, a deceased donor liver transplantation (DDLT) program is still awaited, thus,
LDLT is the only hope for patients with end-stage liver disease or HCC in the presence of cirrhosis

(7).

Living donor liver transplant (LDLT) was first performed in Egypt in 1991 by the surgical
team at the National Liver Institute (NLI), Menoufeya University, with the help of Prof. Habib and
recipient survival was 11 months (8).

The regulations were made by the Egyptian medical syndicate. Programs started with the
assistance and under supervision of oversea teams. The breakthrough was made in Dar Al-Fouad
Hospital by starting the program of LDLT (August 2001), with Prof. Tanaka, Kyoto University,
Japan. This was followed by Wady El-Neel Hospital (October 2001), NLI, Menoufeya University
(April 2003) and Maadi Armed Forces Hospital (September 2003) (9).

In Egypt between July 2018 and January 2020, 380 LDLT operations were performed
(10).

Nowadays, HCC patients have the highest rates of waitlisting for liver transplantation
among all candidates with end-stage liver disease, shortage of donor organs has resulted in an
overall increase of waiting time with an increased risk of waitlist dropout due to tumor progression
in HCC patients (11).

Egyptian study for HCC LDLT between August 2001 and June 2012 show 1-, 3-, and 5-
year survival rates were 98.3%, 93.5%, and 71.4% overall survival (12).

A multidisciplinary approach including a medical oncologist, transplant hepatologist,
transplant surgeon, surgical oncologist, radiation oncologist, interventional radiologist, and
radiologist should be utilized for all patient management plans (13).

Selection Criteria for Liver Transplantation

For more than 25 years, Milan criteria (1 nodule <5 cm or 3 nodules < 3 cm with no
macrovascular invasion on pre-LT imaging) have been considered as the benchmark for LT
because 5-year survival rate > 70% (14).

Milan criteria for liver transplantation as a treatment option for HCC (15).

Expanded criteria
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* UCSF: Single lesion <6.5 cm or <3 lesions with the largest being <4.5 cm and a total diameter
<8 cm (16).

» Up-to-7: 7 cm as the sum of the size of the largest tumor and the number of tumors. No vascular
Invasion (17).

» Toronto criteria: Any tumor size or number. All lesions require a liver biopsy and must not
show poor differentiation. No extra-hepatic metastasis, venous/biliary thrombosis OR cancer
related symptoms (18).

UNOS Criteria for Downstaging (19).

+ Single lesion >5 cm but <8 cm

* 2-3 lesions each <5 cm with total diameter of all lesions <8cm
* 4-5 lesions each <3 cm with total diameter of all lesions <8 cm

The Milan criteria remain the most frequently applied criteria for liver allocation, with
97% of all transplanted livers from 2002 to 2007 meeting Milan criteria, while only 3% fit UCSF
criteria (20).

Over time, the focus has shifted to incorporate markers of tumor biology into LT selection
guidelines that have traditionally been based only on tumor size and number, studies have
demonstrated that combining alpha-fetoprotein (AFP) with tumor burden discriminates prognosis
after LT better than using tumor burden alone (21).

Contraindications for

Patients with a low MELD score, advanced cardiac or pulmonary disease, active sepsis,
grave psychological disorder, or active alcohol or drug abuse are absolutely ineligible for liver
transplantation (22).

HCC or perihilar cholangiocarcinoma with metastatic spread are absolute contraindications for
transplant (23). recent developments have allowed some centers to perform liver transplantation
for patients with under HIV treatment (24). AFP >1,000 ng/ml should be considered an absolute
contraindication to liver transplantation regardless of tumor burden
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Table (1):Characteristics and results of the different allocation systems adopted for liver
transplantation in hepatocellular carcinoma (25).

Selection system Year of Criteria Survivallyears of
proposal follow-up
Milan criteria 1996 Single lesion < 5 cm; up to three 85%/4
separate lesions, none larger than 3 cm;
no evidence of gross vascular invasion;
and no regional nodal or distant
metastases
University of 2007 Single nodule up to 6.5 cm or up to 80.9%/5
California, San three lesions, the largest of which is 4.5
Francisco criteria cm or smaller and the sum of the
diameters no larger than 8 cm
Up-to-seven criteria | 2009 Sum of size (in cm) of larger tumor plus | 71.2%/5
number of tumors <7
Total tumor volume | 2009 Total tumor volume < 115 cm3 and AFP | 74.6%/4
and AFP <400 ng/mL, without macrovascular
Criteria invasion or extrahepatic disease
Kyoto criteria 2013 <10 tumors; < 5 cm; and des 65%/5
gammacarboxy prothrobine < 400
mAU/mL
Extended Toronto 2016 Any size or number of tumors, 68%/5
criteria without systemic cancer-related
symptoms, extrahepatic disease,
vascular invasion, or a poorly
differentiated largest lesion at
percutaneous tumor biopsy
5-5-500 rule 2019 Tumor size <5 cm in diameter 75.8% /5
Multi-center, Japan Tumor number < 5
AFP value < 500 ng/ml
Post transplant immunosuppressive regimens:
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In all HCC patients (regardless of their risk of relapse), strategies to facilitate CNI reduction
should be implemented to limit CNI-related renal toxicities and the impact of CNI exposure on
cancer recurrence (26).

Clinical evidence has shown that mTOR inhibitors can limit HCC recurrence and
progression in liver transplant recipients(27). mTOR inhibitors were also associated with
significantly lower rates of HCC recurrence after liver transplantation when compared with CNIs
(28).

HCC recurrence is one of the most threatening complications after LT with recurrence rates
of approximately 17% (29).

The recurrence of HCC can be located in the liver or extrahepatic, and it is important to
differentiate between recurrent HCC and other lesions using arterial phase enhancement. Early
detection of HCC recurrence after LT is crucial for optimal management (30).

Initially some studies showed higher recurrence in patients transplanted with living donor
and investigators hypothesized that rapid regeneration process of partial liver graft and cytokine
released might induce the early recurrence of potential microscopic HCC. Another explanation
was that the fast-track feature of LDLT and short observation period before liver transplantation
may mask the aggressiveness of HCC which leads to higher recurrence (31).

However, more recent meta-analyses revealed equal or even better outcomes of LDLT than
DDLT in both patient survival and disease-free survival, and now it has become consensus that
patients with HCC meeting the indication criteria and beyond the indication for locoregional
treatments will be benefitted by LDLT if they have appropriate live donors (32).

Predictors of HCC recurrence include: patient related factors (underlying disease and
hepatitis C virus treatment), the tumor related factors (tumor staging, vascular invasion, and
differentiation grade), biomarkers (alpha-fetoprotein and the neutrophil lymphocyte ratio),
radiological factors and treatment related factors (time on the waiting list, pre-transplant bridging
therapy, and response to locoregional treatment (LRT))(33).

The best characterized postoperative prediction model is the Risk Estimation of Tumor
Recurrence After Transplant (RETREAT) score which is based on the sum of the largest viable
tumor diameter and number of viable tumors on explant, the presence of microvascular invasion,
and the alpha-fetoprotein (AFP) level at the time of LT (34).

Considered the known risk of recurrence of HCC after LT, patients deserve periodical
monitoring for cancer reappearance. Surveillance exerts its benefit on prognosis through the
identification of early recurrence, allowing in turn the applicability of potentially curative
treatments (35).
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surveillance after LT should be tailored according to the known pattern of
recurrence Timing of HCC recurrence is variable, but in the majority of cases it occurs 2—3 years
after LT Early recurrence (defined as <1 year after LT) is associated with a significantly worse
prognosis (36).

The treatment of recurrence after LT can result in prolonged survival but its strategies
remain a challenge with the fact of high incidence of extrahepatic recurrence (37). patients treated
with Sorafenib (SOR) and everolimus (EVL)might have synergetic effect for improve patients
survival after recurrence (38).

MELD score is used to assess disease severity for the purpose of defining a patient's listing
status for LT, higher MELD scores reflect more severe disease, poorer prognosis and greater
likelihood of LT, barring any absolute contraindications to transplantation (39). One of the HCC
staging systems, Model to Estimate Survival In Ambulatory HCC (MESIAH), includes the MELD
score as one of its components (40).

In 2016, the MELD score was updated to include serum sodium, an objective biomarker
that is often a surrogate indicator for ascites. A new update to and recalibration of the MELD score,
MELD 3.0, was recently published with the inclusion of sex and serum albumin (41).

While patients with HCC may be granted exception points that are added to their scores,
the MELD system was not designed to assess HCC disease severity, and it does not provide good
prognostic classification for these patients(42).

The MELD exception points for patients with HCC, decreases wait-list mortality and
increases priority for LT. By for the commonest indication of MELD exception point is HCC in
united states(43).

The 1st HCC exception points policy was implemented on February 27, 2002. Since then,
significantly high number of patients with HCC have been transplanted. Secondary to donor organ
shortage and high number of patients being transplanted for HCC, needing multiple revisions of
UNOS MELD-exception allocation policy for HCC over the last 2 decades (44).

MELD equivalent that matches HCC patients to non-HCC patients by the same numerical
MELD score and developed the equation: HCC-MELD (1.27*xMELD - 0.51xlogAFP+4.59),
whereby the same transplant benefit between the two groups was achieved (45).

The current organ allocation policy mandates to list the patient with actual Na-MELD of the
patient and after 3 mo, request a MELD extension. Once 6 mo’ observation period is finished and
the patient is still in with in MILAN criteria, the patient will be granted HCC-MELD exception
points. The maximum points are median MELD at transplant (MMaT) 2. The MMaT remains fixed
score and does not increase every 3 mo. By using previous 12 mo’ data, the median MELD is
recalculated every 6 mo and subsequently MMaT is readjusted. The purpose of this change was to
promote more balanced allocation of donor organs between HCC and non-HCC patients on liver
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transplant wait list. 6 mo wait list observation period for HCC patients also will provide better
understanding to assess the tumor biology(46).

Wait listed patient within MILAN criteria (T2 lesion) and AFP <1000 ng/mL will be eligible
for standardized MELD exception points. If AFP > 1000 ng/mL with T2 lesion, candidates may
be treated with local-regional therapy (LRT): (1) After treatment if AFP <500 ng/mL, eligible for
standardized MELD exception points; and (2) After treatment if AFP > 500 ng/mL, candidate
would need to be referred to and NLRB for MELD exception points(47).

Salvage liver transplantation:

Salvage LT has been espoused as a strategy for patients with HCC who have undergone
resection and develop either liver decompensation or tumor recurrence within acceptable LT
criteria (48).
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