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◦Primary liver cancer is the 6th most 

commonly diagnosed cancer and was 

the 4th cause of cancer death 

worldwide in 2018, including 

hepatocellular carcinoma (75%-85%) 

and intrahepatic cholangiocarcinoma 

(10%-15%). 
 

Bray et al, Global cancer statistics 2018:GLOBOCAN estimates of incidence and mortality worldwide 

for 36 cancers in 185 countries. CA Cancer J Clin 2018 

 



 

◦It is more common in men and is 

currently the 2nd leading cause of 

cancer death worldwide in men and 

the 6th in women. 
 

Global Burden of Disease Cancer Collaboration JAMA Oncol 2017  

 











 

◦According to the Scientific Registry of 

Transplant Recipients (commonly 

referred to as the SRTR), in 2019, HCC 

was the primary diagnosis for 10.6% of 

waitlist candidates. 

 
Kwong et al , OPTN /SRTR 2019 annual data report: liver. Am J Transplant 2021;21(Suppl 

2):208-315 

 

 





 



 

Patient selection 

( Selection criteria) 

 









◦However, the MC may seem too 
restrictive. Several groups have 
proposed different expansions of 
these classic criteria, with reasonable 
life expectancy after LT. 
 
◦The rationale behind the expansion is 
that approximately 25% of the 
patients classified as Milan in before LT 
present a Milan-out HCC in the 
explant histology. 
Pavil et al, Expansion of the hepatocellular carcinoma Milan criteria in liver transplantation: Future directions, World J Gastroenterol 2018 

August 28; 24(32): 3626-3636 

 

 

 

 



◦An important issue to be considered is 
what the effect of transplanting Milan-
out patients on the waiting list for LT 
will be by balancing the survival 
benefit for the patients beyond MC 
against the harm caused by delaying 
the LT for the other patients on the 
waiting list. 

 
Volk and Marrero A novel model measuring the harm of transplanting hepatocellular carcinoma exceeding 

Milan criteria. Am J Transplant 2008; 8: 839-846 

 

 

 

 

 

 



◦The strategy of using LDLT in patients with 
HCC could be the answer for this. 

 

◦ First of all, LDLT does not affect the 
conventional waiting list, therefore an 
expansion of the MC could be planned in 
this context without the fear of affecting 
other patients waiting for an organ could 
be a good option for such an issue. 
 

Pavil et al, Expansion of the hepatocellular carcinoma Milan criteria in liver 
transplantation: Future directions, World J Gastroenterol 2018 August 28; 24(32): 

3626-3636 

 
 

 

 















Patients with HCC that exceeded the Milan criteria 
were included on the if all of the following criteria 
were met: 

 

1. Tumour confined to the liver  

2. No radiologic evidence of venous or biliary tumor 
thrombus 

3. No cancer-related symptoms, like WT loss and 
patients need to have a good performance status 

4. A mandatory percutaneous tumor biopsy of the 
largest lesion (per protocol) that determined the 
lesion to be not poorly differentiated as determined 

 

 















Small HCC( resection versus transplantation) 

There are no randomized control trials 
evaluating resection versus LT, leading to the 
ongoing debate of which is most appropriate 
for patients within Milan criteria and adequate 
liver function. 
Resection confers up to 10-fold higher odds of 
recurrence compared to LT. 
 

 

 

Menahem et al. Liver transplantation versus liver resection for hepatocellular carcinoma in intention to treat: an attempt to 
perform an ideal meta-analysis. Liver Transplant. 2017;23:836–844 

  

   

 

 

 

 

 

 



 









 

Organ Procurement 



Before the MELD era strict criteria for LT 
were used as MC ,However despite these 
advancements, patients with HCC 
remained on the waiting list longer than 
candidates without HCC, resulting in less 
than 5% LT for HCC in the USA from 1997–
2002. 
 
 

 

Ioannou et al Liver transplantation for hepatocellular carcinoma: impact of the MELD allocation 
system and predictors of survival. Gastroenterology 2008;134(5):1342–1351.  
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◦Therefore, in order to promote equal 

allocation of donor organs between 

HCC and non-HCC patients on the 

waiting list, MELD exception points are 

given to HCC candidates. 
 

 

 

 



AASLD guidelines, 2018 





 

 

◦Initially, This resulted in a rise from 
5% to 26% LT for HCC from 2002–
2007. 

 

 
Ioannou et al Liver transplantation for hepatocellular carcinoma: impact of the MELD 

allocation system and predictors of survival. Gastroenterology 2008;134(5):1342–1351 

 

 

 



 

◦Despite the changes made in 2005, patients 
with HCC still had a lower waitlist dropout 
and a higher transplant rate and slightly 
inferior long-term outcomes than non-HCC 
patients, and thus, in 2015, a system of 
delaying the MELD score assignment for 6 
months was implemented. 

 
Washburn et al, Hepatocellular carcinoma patients are advantaged inthe current liver transplant allocation system. Am 

JTransplant 2010;10:1643-1648  

  

 
 



LDLT  

◦Unfortunately, many HCC patients listed for 
deceased donor liver transplantation (DDLT) died 
in the waiting period due to the shortage of 
deceased donors. 

◦ LDLT became a reliable alternative to DDLT by 
decreasing threats of dropping out from the waiting 
list. 

 
 

Axelrod et al. (2008 Jan 9) Rates of solid organ wait-listing, transplantation, and survival among residents of rural and 
urban areas. J Am Med Assoc 299:202–207 

Soejima et al. (2007) Extended indication for living donor liver transplantation in patients with hepatocellular carcinoma. Transplantation 
83:893–899. 

 

 

 

 

 

 

 
 

 

 



 

◦In clinical practice, whether there is a higher 
recurrence rate after LDLT remains 
controversial. 
 

◦First, for HCC patients who underwent LDLT, 
the wait time was relatively short and not 
enough to comprehensively assess the 
biological features of the tumour, so the 
aggressive behaviour of tumour might not be 
identified. 

 

Fonseca et al. (7 May 2016) Living donor versus deceased donor liver transplantation for hepatocellular carcinoma. Abstracts of 
the ILTS 22nd Annual International Congress Annual International Congress. Transplantation 100 

 

 

 



 

◦Second, all available grafts were split livers 
for LDLT, in the process of rapid 
regeneration of a partial graft after LT, the 
released growth factors and cytokines 
might promote tumor progression and 
recurrence. 
 

 
Di Sandro et al. (2009) Living donor liver transplantation for hepatocellular carcinoma: long-term results compared with 

deceased donor liver transplantation. Transplant Proc 41:1283. 

◦   

 

 

 

 

 



◦Third, the surgical technique of LDLT 
does not comply with the principles of 
oncologic surgery. During LDLT, the 
native inferior vena cava, the longer 
bile duct, hepatic artery and portal 
vein would be preserved to match the 
volume-limited split liver, leading to 
possible tumor remnants. 

 
Shi et al.(2011) Growth of hepatocellular carcinoma in the regenerating liver. Liver Transplant 17:866–874. 

 

 

 

 

 

 



◦Fourth, a higher percentage of 

recipients beyond the Milan criteria in 

patients undergoing LDLT can 

reasonably explain the higher 

recurrence rate. 

 
Zhu et al. Living or deceased organ donors in liver transplantation for hepatocellular carcinoma: a 

systematic review and meta-analysis. HPB 2019, 21, 133–147  

 

 

 

 









 
 
 

 
 

Bridging and Downstaging 
 



 

◦While on the waiting list, candidates are 
prone to tumor growth, resulting in going 
beyond the transplant criteria and an 
eventual 12 month dropout probability of 
25%. 
 

◦When defining neoadjuvant treatments, 
‘‘bridging” describes treatment of 
accepted transplant candidates within 
Milan criteria while on the waiting list. 
 

 

Yao et al. Liver transplantation for hepatocellular carcinoma: analysis of survival according to the intention-
to-treat principle and dropout from the waiting list. Liver Transpl 2002;8(10):873–883. 

 

 

 

 

 



◦European guidelines recommend LRT 
to reduce the risk of pre-LT drop-out 
in regions of anticipated wait times 
longer than 6 months. 

 
 

 



◦With the changes in UNOS model for 
end-stage liver disease score exception 
criteria now mandating a 6-month 
delay before exception points can be 
obtained, LRT has become standard of 
care in patients with HCC awaiting liver 
transplant.  

 
Frankul et al. Hepatocellular Carcinoma: Downstaging to Liver Transplantation as Curative Therapy. 

Journal of Clinical and Translational Hepatology 2021 vol. 9(2) | 220–226 

 

 

 

 

 



◦‘‘Downstaging” describes treatment used 
to bring patients whose tumour burden is 
outside accepted criteria for 
transplantation to within acceptable 
criteria. 

 

◦ Acceptable criteria are defined as those 
criteria achieving an expected survival 
after LT equal to patients who meet 
transplant criteria without downstaging. 

EASL HCC guidelines, 2018 

Schlesinger et al. Diabetes mellitus, insulin treatment, diabetes duration, and risk of biliary tract cancer and hepatocellular 
carcinoma in a European cohort. Ann Oncol 2013;24:2449–2455 

 

 

 
 

 

 

 





Bridging and Down staging Modalities 









◦There are obviously safety concerns related 

to down staging, including hepatic 

decompensation following LRT. 

◦ It has been proposed that only patients 

with adequate hepatic function (Child’s 

A/B, bilirubin ≤3mg/dl)should undergo 

downstaging. 

 
Yao et al. Reassessing the boundaries of liver transplantation for hepatocellular carcinoma: where do we stand with tumor 

down-staging? Hepatology. 2016;63:1014–1025. 

 

 

 

 

 

 



 

 

◦TACE is the most frequently used palliative 

treatment technique in downstaging 

protocols, particularly for multifocal HCC. 

 

 
Cescon et al. Hepatocellular carcinoma locoregional therapies for patients in the waiting list. Impact on 

transplant ability and recurrence rate. J Hepatol 2013;58(3):609–618 

 

 

 

 

 

 

 

 

 



 

 
Trans arterial radioembolization with Yttrium-
90 (Y-90) beads is a safe alternative 
downstaging therapy . Per available data 
there is no statistically significant difference 
between success rates of TACE and 
radioembolization for downstaging. 

 

 

 

 

 

Parikh et al . Downs taging hepatocellular carcinoma: A systematic review and pooled analysis. Liver Transpl 
2015;21(9):1142–1152  

Salem, et al. Radioembolization results in longer time-to-progression and reduced toxicity compared with 
chemoembolization in patients with hepatocellular carcinoma. Gastroenterology 2011;140(2):497–507.e2. 

 

 

 

 



Response to LRT 













 

Recurrence 



 

Despite using morphologic criteria, such as 

the Milan criteria (MC) ,to select HCC 

patients for LT, tumor recurrence (TR) still 

occurs in 15% to 20% of cases, being 

associated with an unfavorable prognosis. 

 
Mazzaferro et al.Liver transplantation for the treatment of small hepatocellular carcinomas in patients with cirrhosis. N Engl 

J Med 1996; 334: 693-699 

de'Angelis et al. Managements of recurrent hepatocellular carcinoma afterliver transplantation: A systematic review. World 

J Gastroenterol 2015; 21: 11185-11198 

 

 

 
 

 



Filgueria  . Hepatocellular carcinoma recurrence after liver transplantation: Risk factors, screening and clinical 

presentation. World J Hepatol 2019 March 27;11(3): 261-272  



A meta-analysis showed that the risk of 

TR was proportional to the diameter of 

the larger nodule, with no association 

with the number of nodules, probably 

because multiple nodules, however 

small, did not present higher frequency 

of vascular invasion. 

 
Germani et al . Which matters most: number of tumors, size of the largest tumor, or total tumor volume? Liver 

Transpl 2011; 17 Suppl 2: S58-S66 

 

◦  



Microvascular invasion(mIV )tends to be 

associated with tumor staging, being 

observed in 16.6% of the tumors within the 

MC, and in 50.2% of those beyond the Up-to-

seven criteria group. 

The mIV is a determining factor in the risk of 

TR and survival, doubling the risk of death. 

 
Mazzaferro et al. Metroticket Investigator Study Group. Predicting survival after liver transplantation in patients with 

hepatocellular carcinoma beyond the Milan criteria: a retrospective, exploratory analysis. Lancet Oncol 2009; 10: 35-43 

 

 

 

 

 

 

 

 

 



◦Some tumors induce an inflammatory 

response that induces the release of 

cytokines and inflammatory mediators, 

increasing the risk of metastasis by 

inhibition of apoptosis, promotion of 

angiogenesis, and DNA damage. 

 
Filgueria  . Hepatocellular carcinoma recurrence after liver transplantation: Risk factors, screening and clinical 

presentation. World J Hepatol 2019 March 27;11(3): 261-272  

 

 



 

◦Halazun et al 2009 found NLR( neutrophil- 

lymphocyte ratio)≥5 in 9% of the 

individuals transplanted for HCC, who 

presented a 5-year RFS of only 25%. 
 

 



◦FDG uptake by the tumor has been used as 
a marker of HCC aggressiveness, based on 
the association with mIV and poor tumoral 
differentiation, greater risk of dropout, 
greater risk of TR, and lower RFS and overall 
5-year survival . 
 

 

 

 

 

 

 Kornberg et al. Patients withnon-[18 F]fludeoxyglucose-avid advanced hepatocellular carcinoma on clinical staging may 
achieve long term recurrence-free survival after liver transplantation. Liver Transpl 2012; 18: 53-61 

  

  

 



◦In one sample, 25% of patients with HCC who 

underwent LT were obese and had twice the 

risk of death, a higher frequency of mIV, and 

tendency for a higher rate of TR, suggesting 

that the increased expression of vascular 

endothelial growth factor(VEGF) induced by 

adipose tissue may stimulate tumor 

angiogenesis. 

 
Siegel et al.Diabetes, body mass index, and outcomes in hepatocellular carcinoma patients undergoing liver 

transplantation. Transplantation 2012; 94: 539-543 

 

 

 



 

◦One study analyzed the UNOS 

database and observed that the cases 

with HCC secondary to NAFLD 

presented a 32% lower rate of high-risk 

characteristics for TR. 

 
Lewin SM, Mehta N, Kelley RK, Roberts JP, Yao FY, Brandman D. Liver transplantation recipients with 

nonalcoholic steatohepatitis have lower risk hepatocellular carcinoma. Liver Transpl 2017; 23: 1015-1022 

 

 
 



◦The risk of 5-year TR was greater in 

patients transplanted before 6 months 

or after 18 months of diagnosis of HCC. 

 
Mehta et al. Wait Time of Less Than 6 and Greater Than 18 Months Predicts Hepatocellular Carcinoma 

Recurrence After Liver Transplantation: Proposing a Wait Time "Sweet Spot". Transplantation 2017; 101: 

2071-2078 

 

 

 





MONITORING OF THE PATIENT AFTER LT 
FOR HCC 

◦There is no consensus on the protocol 

for monitoring TR after LT, without 

definition on the modality of exams to 

be performed and frequency or 

duration of follow up. 

 



◦Approximately 75% of the TR occur during the 
first 2 years after the LT, and only 10% of them 
are detected after the fourth year. 

 

Most authors monitored the patients with (CT) 
and AFP levels with 3- to 6-mo intervals in the 
first 2 or 3 years, increasing the interval 
between exams from that date. 

 
Bodzin et al. Predicting Mortality in Patients Developing Recurrent Hepatocellular Carcinoma After Liver 

Transplantation: Impact of Treatment Modality and Recurrence Characteristics. Ann Surg 2017; 266: 118-125 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mehta et al. Validation of a Risk Estimation of Tumor Recurrence After Transplant (RETREAT) Score for 

Hepatocellular Carcinoma Recurrence After Liver Transplant. JAMA Oncol 2017; 3: 493-500 

 

 





◦HCC nowadays is the most common 

indication for liver transplantation 

◦MC is the standard criteria used for liver 

transplantation 

◦Extended criteria and LDLT are important 

alternatives to compensate for organ 

shortage 



◦Successful downstaging to  within 
accepted criteria for liver 
transplantation is  an important 
achievement with comparable overall 
survival and disease free survival 

 

◦Risk factors for recurrence should be 
addressed well to prevent HCC 
recurrence after liver transplantation 
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