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Bile duct strictures after Liver transplantation are associated with a Donor 
Glypican-6 Polymorphism Linked to the Biliary Stem Cell Niche 
Selten J et al. Rotterdam Netherlands 

Niches of stem cells in the liver drive liver regeneration; some of these also lie in the 
intrahepatic and extrahepatic bile ducts. Bile duct strictures (ischemia type biliary lesions and 
anastomotic strictures) are one of the most common complications after liver transplantation. 
The origin of these strictures seems multi-factorial, but damage to bile duct stem cell niche is 
found to play an important role. Glypican-6 (GPC-6) has recently been identified as a stem 
cell niche factor important for stimulation of the Wnt-signaling pathway; the latter is known to 
be important for differentiation of biliary stem cells to cholangiocytes. In this pathway, 
Glypicans (expressed highly in liver/biliary tree) play an important role by binding to and 
presenting Wnt to cells. Glypican 6 polymorphisms are known to be linked to the development 
of PSC. However, the role of GPC-6 has not been established in bile duct strictures post 
transplantation. In their study the authors performed a retrospective PCR-based SNP analysis 
for GPC-6 status on sequential collected blood samples from donors and recipients of liver 
transplantation between 1989 and 2010 (while excluding patients with PSC). The authors 
concluded that GPC6 (expressed in peri-biliary gland stem cells) is associated with Wnt 
stimulated genes in bile duct organoids. Also, donor Glypican AA genotype was found to be 
an independent factor, which protects recipients from the development of bile duct strictures 
after liver transplantation in non-PSC patients. They postulated that the relationship of GPC-6 
and biliary lesions after transplantation may be due to a decreased activation of Wnt 
dependent stem cells in the peribiliary glands or other stem cell niches. 

An extension of this study could possibly help answer questions in regenerative medicine 
research like; can CFTR be used to drive bile duct derived stem cell proliferation in culture, do 
LGR positive cells exist in liver and can they be cultured and used for tissue engineering, can 
liver disease specific organoids in alpha1 antitrypsin deficiency help in disease modeling? 

 

 

Analysis of Caudate Lobe Biliary Anatomy and its Implication in Living Donor 
Liver Transplantation 

Makki K., et al. Noida, India 

Bile leak after LDLT may occur from the anastomotic site in the recipient, stump closure site 
in the donor, cystic duct stump in either cut surface pedicles in either, or from divided caudate 
ducts in hilar plate. Leaks from the first four sites are amenable to post-operative endoscopic 
stenting as they are in continuation with the ductal system. However, caudate duct leaks from 
divided isolated caudate ducts can be stubborn. To minimize caudate duct bile leaks, an 
understanding of the caudate lobe bile duct system anatomy is important. The study by Makki 
et al. aimed to define biliary anatomy of the caudate lobe using intra operative 
cholangiography performed in 500 consecutive living donors, with special attention to 
crossover caudate ducts. Caudate ducts were not identified in 32 of the 500 IOCs. In 
remaining 468 IOCs, total of 1494 caudate ducts could be identified with 605 paracaval and 



889 spigelian ducts. Incidence of cross over drainage was 61.11% in case of spigelian and 
19.65% in paracaval ducts. The authors proposed a classification system for the caudate 
ducts (Type 1 to Type 4), and concluded that it is important to identify left/right dissociation of 
caudate duct as inadvertently divided caudate ducts, most commonly spigelian duct draining 
to right hepatic ductal system may be important cause of bile leak in the donor or non-
anastomotic leaks in recipient.  
 

What is of essence is a meticulous closure of not only the bile duct openings after division in 
the donor, but also the hilar plate which would bear the openings of these caudate ducts. 

Similarly it is very important to close the hilar plate in the procured graft during bench surgery 
to prevent non-anastomotic bile leaks in the recipient. 

 

The Feasibility of Medial Segment Graft for Liver Transplantation Materialized 
by Three-dimensional Printing 

Yeh Y.-T. et al. Taiwan 

This was a study performed with the aim of looking at the medial segment (MS) of the liver as 
a possible mono-segment graft to try and increase the organ pool for pediatric patients in the 
deceased donor (split graft) setting. The authors used 3-dimensional (3D) printing to 
materialize the anatomy, ex-vivo procurement and engraftment process of the MS graft. The 
computer tomography and magnetic resonance cholangiopancreatography images of live 
liver donors were reviewed, followed by digital segmentation to STL file with Osirix MD, and 
digital design of the transection plane with RevCAD. Finally, 3D printing with Stratasys Objet 
J750 in full color was done.  Three types of anatomical candidates for procurement of the MS 
graft were hypothesized according to the hepatic artery (HA) variations: type I: an accessory 
left gastric artery to feed the lateral segment; type II: an isolated middle HA; type III: early 
bifurcating left and middle HA. In addition, branching patterns of the MS portal vein (P4) and 
the MS bile duct (B4) were also evaluated. The steps to procure and implant the MS graft with 
each HA variation were simulated and demonstrated by 3D-printing.  

 

 



In this model, the authors proposed that the right border of the proposed MS graft would be 
the Cantlie’s line (so as to include the middle hepatic vein), and the left border would be the 
right side of the umbilical portion (so as to include P4 and B4). The dissection in umbilical 
fissure should progress from ventral to right to identify P4, then after retracting the umbilical 
fissure to left, the duct can be identified.  In the recipient, P4 would be reconstructed with a 
vein graft in an end-to-side fashion, while the bile duct at the left border of the graft would be 
closed. It was postulated that the MS graft could be implanted in a vertical fashion. As 
regards the surgical technique, the authors stressed that a key step was to separate and 
isolate the MHV, and identify Seg 4 bile duct, the latter may be difficult (for this the authors 
propose dissection on the right side of the umbilical vein portion). They found that 
procurement and implantation was feasible ultimately in 12% of the conceived grafts 
according to the 3D printed model simulation. 
 

This novel concept could help in using 1 liver for 3 patients. However, it may be apt to initially 
try such a monosegment graft in the APOLT situation in non-cirrhotic patients with metabolic 
diseases, and then if successful as a standalone isolated graft. 
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Intention-to-Treat Survival Benefit of Liver Transplantation in Patients with 
Hepatocellular Cancer 

Lai Quirino, et al. EurHeCaLT Study Group 

This study tried to identify variables, which could help differentiate between “high-” and “low-
benefit” of LT for HCC patients. Based on the intention-to-treat (ITT) survival benefit of LT 
concept, data of 2103 adult HCC patients was analyzed. Three rigorous statistical steps were 
used in order to create the ITT survival benefit model (an ITT LT and a non-LT survival 
model), and individual variables predicting ITT survival. Benefit of LT was defined as the 
difference between the median ITT survival with (based on the first model) and without LT 
(based on the second model) calculated for each enrolled patient. Four variables, namely 
MELD score, alpha-fetoprotein level, Milan-Criteria status, and radiological response to 



neoadjuvant therapy displayed a high effect in terms of delta-benefit. According to these risk 
factors, four benefit groups were identified. Patients with three-four factors (“no-benefit 
group”) had no benefit of LT compared to alternative treatments. Inversely, patients without 
any risk factor (“large-benefit group”) yielded the highest benefit from LT reaching survival up 
to 60 months. 
 

 
 
 

 
 
 
 
 

Predictors of Malignancies in Liver Transplantation as Compared to Other 
Solid Organ Transplantation  

Bhat M, et al. Toronto 

The aim of this study was to compare the prevalence and risk of malignancy in liver transplant 
(LT) recipients as compared to other solid organ transplant recipients using SRTR database. 
In 534,472 solid organ transplants, 53,783 total de novo malignancies were diagnosed 
(15.8%) by 15 years post transplant. De novo malignancies occurred in 13.2% of 
kidney±pancreas recipients, 17.9% pancreas alone, 15.2% liver, 28.1% heart, and 25.6% for 
lung transplant. Relative to kidney±pancreas transplant, all other SOT (except liver) 
experienced higher risk of de novo malignancy after adjusting for risk factors. Lung transplant 
recipients had the highest risk, and this was twice that of liver transplant recipients, who infact 
had the lowest risk of de novo malignancies. Pancreas and lung transplant had the highest 
risk of hematologic malignancies, whereas heart and lung transplant had the highest risk of 
solid organ and skin cancers. On multivariable analysis, amongst other factors, mTOR 
inhibitor use was associated with slightly decreased risk; being on mTOR inhibitors was 
especially protective for skin NMSC. In addition, use of more number of immunosuppressors, 
was associated with more chances of de novo tumours. Increased age, male gender, 
previous malignancy and Caucasian race were found to be recipient characteristics that 
should prompt heightened vigilance in cancer screening protocols. 
 
 
 
 

The authors concluded that the innovative 
ITT transplant survival benefit model could 
allow a better selection of HCC patients 
waiting for LT. Patients with no benefit should 
be de-listed, whilst patients with large benefit 
ratio should be prioritized for LT. 
 
The obtained stratification may lead to an 
improved and more equitable organ 
allocation, but needs to be further validated. 
  



Graft Quality Integrated Models for Predicting Post-transplant Hepatocellular 
Carcinoma Recurrence: A National Registry Study 

Ling Q, et al. Hangzhou, China 

The aim of the study was to establish a prognostic model for post LT HCC recurrence by 
incorporating donor characteristics and graft quality, in addition to recipient variables. Data of 
1,010 adult patients (training/validation: 2/1) who underwent primary liver transplantation for 
HCC between 2010 and 2015 was extracted from the China Liver Transplant Registry 
database and retrospectively analyzed using a competing risk regression model. Cold 
ischemia time (CIT) > 12 hours was the only independent donor prognostic factor for 
predicting HCC recurrence. Integrating CIT into Milan and Hangzhou criteria significantly 
improved the accuracy of predicting HCC recurrence. Donor anti-HBC positivity, and 
prolonged CIT and anhepatic time were linked to the intrahepatic recurrence, while older 
donor age, prolonged donor WIT/CIT, and ABO incompatibility were relevant to the 
extrahepatic recurrence.  
The authors concluded that the models considering both graft quality and tumor 
characteristics exhibited considerable predictive accuracy in HCC recurrence risk 
assessment.   

 

Liver Transplantation for NASH-related Hepatocellular Carcinoma Offers 
Comparable Outcomes versus Non-NASH Etiologies of Hepatocellular 
Carcinoma  

Sadler E, et al. Toronto, Canada 

The aim of this study was to examine differences in characteristics and outcomes of patients 
who had LT for NASH-HCC (NASH) vs. HCC from other liver diseases (non-NASH). 
Comparing 60 patients of NASH and HCC to 869 patients with HCC and other underlying 
etiologies for cirrhosis, it was found that the actuarial 1-, 3- and 5-year overall survival were 
similar in both groups (98%, 96% and 80% in NASH vs. 95%, 84% and 78% in non-NASH, 
p=0.1).Tumour recurrence was 13.3% in NASH vs. 14% in non-NASH (p=0.9). No differences 
in tumor recurrence were observed in patients within and beyond Milan in the NASH group. 
However, the recurrence rate in the non-NASH group was 8.8% in those within Milan and 
29.2% in beyond Milan. Multivariate Cox Regression demonstrated NASH status to be a 
protective factor for recurrence among patients with tumors beyond Milan. The authors have 
hypothesized that NASH patients with beyond Milan HCC tumors may have more favorable 
outcomes after LT, however this hypothesis needs to be further studied in other populations. 

 

Outcome of Live Donor Liver Transplant in Patients with Coexistent or 
Recently Treated Extra hepatic Malignancies 

Tiwari A, et al. Delhi NCR, India 

Short and long term outcomes in 14 LT recipients with chronic liver disease undergoing LDLT 
who had incidentally detected (during work up) and concurrently treatable, or recently treated 
malignancies in other systems were analyzed. The reason for going ahead with LDLT in 
these patients was decompensated liver disease, and the fear of further worsening of their 
liver disease, if one was to wait for further periods of remission or plan to treat the extra 
hepatic malignancy first. All patients underwent routine liver transplant evaluation along with 
staging and metastatic work up for the malignancy. They were accepted for transplant if the 
extra hepatic malignancy was either treatable at the time of liver transplant, or if it had been 
treated with a curative intent and patient was in complete remission for at least 6 months. 
Secondary malignancies included renal Carcinoma, Breast carcinoma, Thyroid carcinoma, 



Endometrial Carcinoma; Squamous cell cancer of skin and Hematologic malignancies. Of 9 
patients with solid organ tumours, 8 were concomitantly treated with additional surgery during 
LDLT; 5 with haematological malignancies were in remission for a minimum of 9 months. The 
short-term outcomes in these 14 patients were similar to those patients without associated 
malignancies, one patient died in postoperative period due to sepsis. After a mean follow up 
of 51 months, 13 patients were alive with good graft function without recurrence of their extra 
hepatic malignancy. The authors concluded that the presence of extra hepatic malignancy 
should not necessarily be a strict contraindication for LDLT in those patients whose survival is 
determined by liver disease as long as the associated malignancy is treated with curative 
intent at the time of, or before the transplant.  
Their concern was that if these well-selected patients are not transplanted in time, they could 
die from their liver disease long before the extra hepatic malignancy proves fatal. 
 

Risk Assessment by combining 18F-FDG-PET with Serologic Markers of Tumor 
Biology Selects Suitable Liver Transplant Patients with Advanced 
Hepatocellular Carcinoma 

Kornberg A, et al. Germany 

It is known that FDG avidity coincides with microvascular invasion (MVI), poor grade of 
differentiation, and HCC recurrence post LT.   
The aim of this study was to analyze the prognostic importance of 18F-FDG-PET in 
combination with macromorphologic (tumor size and number, Milan criteria) and 
biological/serological (TACE, alpha-fetoprotein [AFP], C-reactive protein [CRP]) factors, to 
predict post LT HCC recurrence using uni- and multivariate analysis in 119 patients. 44% of 
patients had FDG avid tumors in this study. On multivariate analysis, PET-positive status, 
AFP-level >400ng/dl, CRP level >1mg/dl, and tumors beyond Milan criteria were found to be 
independent predictors of HCC recurrence. The authors defined low-risk (18F-FDG-non-avid), 
intermediate risk (18F-FDG-avid + AFP ≤ 400ng/dl + CRP ≤1mg/dl) and high-risk (18F-FDG-
avid + AFP >400ng/dl or CRP >1mg/dl) categories, and found that 5-yr RFS rates were 
93.3%, 83.9% and 25.8%, respectively. There was no significant outcome difference between 
low-risk and intermediate-risk patients. The number of suitable transplant candidates thus 
increased from the initial 69 Milan Out patients, to 88 patients with low / intermediate 
biological risk (+28%). The authors concluded that tumor biology based risk stratification 
based on 18F-FDG-PET and serologic tumor markers, could not only help in accurate 
prognostication, but also in safely increasing the pool of eligible advanced HCC stage 
patients for liver transplantation. 
 
 
 
A Simple Prediction Model for Recurrence of Hepatocellular Carcinoma after 
Liver Transplantation in Patients without Microvascular Invasion 
 
Piñero F. et al, Argentina. 
 
In this study, the authors tried to evaluate pre and post LT predictors of HCC recurrence in 
patients without MVI in the explanted liver, in a multicenter Latin American patient cohort 
across 17 centers. Pre-LT alpha fetoprotein (AFP) cut-offs (based on the French model) were 
considered. Patients without MVI (n=414) were more frequently within Milan at listing, within 
Up-to 7 in the explanted liver, and had lesser de-differentiated tumors, compared to those 
with MVI. For each AFP cutoff, a progressive increase of MVI and dedifferentiated tumors 
was observed. On multivariate analysis, variables associated with HCC recurrence amongst 
patients without MVI were AFP >1000 ng/ml and beyond the Up-to 7 criteria when both pre- 
and post LT factors were considered. From this model, three subgroups of patients were 
identified. Cumulative survival decreased progressively if either one or other risk factor was 
present (46% survival), or both variables were present (14% survival). An increasing 5-year 
recurrence risk was observed considering these groups. The French AFP model was the only 
predictive factor when only preoperative parameters were considered. 



Ethnicity and Underlying Disease Are Key Predictors of 10,844 de Novo 
Malignancies Following Liver Transplantation 
 
Bhat M, et al. Toronto, Canada, Rochester USA 
 
This study was aimed at determining the broader array of risk factors, including 
immunosuppression for denovo malignancies after LT using the SRTR database (108,412 
liver transplant recipients with a median of 6.95 years of follow-up). The distribution of de 
novo malignancies during follow-up was 4,483 (41.3%) skin, 1,519 (14.0%) hematologic, and 
4,842 (44.7%) solid organ. The 10 and 15-year probability of de novo malignancy was 11.5% 
and 15.8%, respectively. No donor factors independently predicted occurrence of de novo 
malignancy. On multivariate analysis, in addition to known risk factors of age, male gender, 
multiorgan transplant and previous malignancy, ethnicity and underlying liver disease were 
important predictors of malignancy. Caucasian race (compared to other races, p< 0.001) and 
Alcoholic liver disease, autoimmune, NASH, and PSC (compared to HCV, p< 0.001) were 
associated with higher risk of post-LT malignancy. The authors thus postulated that race and 
underlying liver disease could also help in tailoring individualized cancer screening protocols. 
Specific immunosuppressive agents were not risk factors for de novo malignancies in this 
cohort of patients.  
 


