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HCC Patients with Liver Transplantation

• Despite careful selection criteria, HCC recurs in ~5-20% of HCC recipients 
after LT 

• Recurrence of HCC after LT is associated with limited curative options and 
high rate of mortality (mean survival ~ 1 year after diagnosis) 

• The risk of recurrence is primarily related to tumour factors – size, 
number, differentiation, invasion, AFP, and the presence of micro-
metastasis at the time of transplant



Potential Effects of Immunosuppression on HCC Liver 
Transplant Recipients

• Immune system has important role in modulating the development of 
malignancy and in disease progression, including the recurrence of HCC 
after LT 

• Recurrence of HCC may be secondary to small populations of residual 
tumour cells where immunosuppression can affect its survival  

• Immunosuppression may theoretically drive tumour growth, as seen 
with the accelerated rate of disease progression in LT recipients with HCC 
recurrence compared to non-transplant HCC patients



Influence of Immunosuppressive on HCC Recurrence 
after LT

• Steroids 
• Inhibits apoptosis via weakening of immune-

inflammatory response and contributes to 
HCC recurrence 

• CNI 
• Promotes tumour growth. Increase TGF-β 
• Dose-dependent increase in HCC recurrence 

• MMF 
• Antiproliferative drug with VCAM-1 

suppression and IMPDH suppression 
• Unclear risk on HCC recurrence 

• mTOR-I 
• Antiproliferative effect 
• May be beneficial in reducing HCC recurrence 

and progression

Oncogenic Influence Amongst Different IS on (de novo) 
Tumour Development 

J Lerut et al. Transl Gastroenterol Hepatol 2017



Use of ATG/OKT3 Associated with Increase HCC 
Recurrence after LT

Four hundred and twelve patients transplanted for HCC between 1988 and 1998 in 14 French centers

* On univariate analysis – initial type of CNI and rejection episodes were associated with 
HCC recurrence, but not after multivariate analysis

T Decaens et al. World J Gastroenterol 2006

Use of antilymphocyte antibodies is a predictive factor of tumor recurrence after LT for HCC



Impact of Basiliximab Induction on Early HCC 
Recurrence after LT

1-year recurrence
93 LT with HCC (2005-2009, SNUH) 

Retrospective Study

JY Lee et al. Clin Mol Hepatol 2014



Induction IS Does Not Worsen HCC Recurrence after 
Liver Transplantation

C Durkin et al. Transplantation 2023



HCC Recurrence by Induction and Maintenance 
Immunosuppression Regimens at Discharge

C Durkin et al. Transplantation 2023

Combination of no antibody induction with CNI monotherapy at discharge may lead to an increased risk of HCC 
recurrence, which could highlight the potential benefit of CNI dose reduction



Effects of CNI on HCC Recurrence after LT

Comparison between mean CsA levels in 
patients with and without HCC recurrence

M Vivarelli et al. Liver Transpl 2005

139 HCC patients with LT (60 TAC, 79 CSA) with 21 HCC recurrence

M Vivarelli et al. Ann Surg 2008

Optimal cut-off values of exposure (AUROC) for recurrence risk:  
FK 10 ng/mL (AUC 0.913), CSA 220 ng/mL (AUC 0.752)



Early Exposure to CNI and HCC Recurrence after Liver 
Transplantation

RFS and HCC risk According to Immunosuppression Protocol 
within the first month after LT

*Mean TAC >10ng/ml or CSA >300 ng/ml within the first month

219 HCC consecutive patients with LT at 2 European Centers 2000-2010. Median FU 51 months

M Ropdriguez-Peralvarez. J Hepatol 2013



Early CNI Exposure and Disease-free Survival & HCC 
Recurrence according to Milan Criteria

M Ropdriguez-Peralvarez. J Hepatol 2013



Multivariate Analysis for Independent Associations 
with Recurrent HCC after LT

An increased risk of HCC 
recurrence occurs with a higher 
early exposure to CNI. The first 

month after LT is particularly 
relevant as higher levels 

(tacrolimus TC >10 ng/ml or 
cyclosporine TC >300 ng/ml) often 

occur and are associated with a 
tripled risk of HCC recurrence when 

taking into account other known 
factors able to increase tumour 

recurrence. 

M Ropdriguez-Peralvarez. J Hepatol 2013



Effects of Mycophenolic Acid on HCC in Patients & 
Experimental Models

K Chen et al. Transplantation 2019

Three human HCC cell lines and organoids from mouse primary liver tumor



Effects of MMF on HCC Recurrence after LT

Tsai YF et al. J Clin Med 2021

National Health Insurance Research Database of Taiwan 

• N=1250 LT recipients with HCC 
• 96% tacrolimus 
• 81% MMF 
• 26% sirolimus 
• 12% cyclosporine 

• 151 with HCC recurrence



Synergistic Effect of TAC+MMF on Inhibitory Function of 
Tregs after LT 

Q Zeng et al. Immunopharmacol Immunotoxicol 2019 Q Zeng et al. Immunopharmacol Immunotoxicol 2021

Expressions of co-inhibitory receptors (CTLA-4, PD-1, Tim-3, LAG-3 and TIGIT) 
on Tregs in FK506+MMF group were significant higher than those in the 

FK506 group and control group 

At each mixture ratio, Tac+MMF had 
the highest Tregs inhibition rate 

compared to Tac and control



mTOR Signaling Pathway & Common Gene Mutations 
in Liver Cancer

Lu XJ et al. Hepatology 2021

mTOR 1-2 pathways upregulated in ~50% of HCC à associated with less differentiated tumours/poorer biology



Randomized Trials of Everolimus in HCC Patients after 
Liver Transplantation

• 3 randomized trials with mTORi from first month after LT vs standard CNI 
therapy reported on HCC outcomes, although the primary endpoint was to 
look at renal function

Duvoux C & Toso C. Transplant Rev 2015



mTOR-Inhibitors and Recurrence of Hepatocellular 
Carcinoma (SiLVER study)

Prospective randomized open label international trial. 525 LT patients with HCC 
Grp A: mTORi-free regimen vs Grp B: sirolimus-containing regimen

Geissler EK et al. Transplantation 2016



mTOR-Inhibitors and Recurrence of Hepatocellular 
Carcinoma (SiLVER study)

Geissler EK et al. Transplantation 2016

sirolimus

no sirolimus

no sirolimus

sirolimus



Survival Benefit of Sirolimus Use ≥3 Months  from the 
SiLVER Study

Schnitzbauer AA et al. Ann Surg 2021

HR: 0.59 (95% CI: 0.39–0.87, P . 0.008)



Systemic Review/Meta-analysis of mTORi in LT for 
HCC

Significant survival advantage with mTOR-I at 1-year, 3-years and 5-years (RR: 1.18, 95% CI: 1.08-1.29 @ 5 years) 
Recurrence-rate was lower in the mTOR-inhibitor arm (RR: 0.67, 95% CI: 0.56-0.82) 

Significant reduction in recurrence related mortality in mTOR-I treated patients (RR 0.5; 95%CI, 0.31-0.81) 
 No significant increase in acute rejection (RR: 1.1, 95% CI: 0.94-1.28).

Grigg SE et al. Aliment Pharmacol Ther 2019



Systemic Review & Meta-analysis of mTOR-inhibitors 
in Survival after LT

Yan XY et al. Liver Transpl 2022

Overall  survival for Patients with LT for HCC at 5 years Recurrence-Free survival for Patients with LT for HCC at 3 years

17 studies: 3 RCTs + 14 cohort studies

Five year OS improved in the RCTs (RR 1.13; 95%CI 1.02-1.26) and in the cohort studies (RR 1.17; 95%CI 1.10-1.24) 
Three year RFS improved in the RCTs with RR of 1.14 (95%CI, 1.03-1.25) and cohort studies (RR 1.15; 95%CI, 1.06-1.24)



Systematic Review & Meta-Analysis of mTOR-I in HCC 
Recurrence & Survival

A total of 38 trials involving 10,607 participants included in the analysis

G Zhang et al. Clin Transpl 2022

incidence of recurrence & overall mortality was significantly lower in mTORi than CNI group (RR:.78, 95%CI: .68‒.89 and RR: .76, 95%CI:.67‒86, respectively)

Recurrence Rates Overall Mortalities



Recurrence of HCC after Liver Transplantation

• Direct treatment options is determined by tumour, graft, and 
functional status of patient 
• Local resection, locoregional therapies, systemic chemotherapy, best 

supportive care 

•Modification of immunosuppressive regimen 
• Inconclusive data on survival benefits 
• 2 major approaches 
• Adding switching to mTOR-I 

• IS minimization



Recent Studies on IS Modification with mTOR-I after 
Post-Transplant HCC Recurrence

Yilmaz S & Ince V. J Gastrointest Cancer 2021



Restrictive Immunosuppression after Recurrence of 
HCC after Liver Transplantation

Saidy RRO et al. Cancers 2021

484 HCC LT with 112 patients (23.1%) recurrent HCC – diagnosed at median 16 months, with median survival of 10.6 months
Restrictive immunosuppressive management (RIM) approach, ie, discontinuation or significant dose reduction after diagnosis of rHCC 

Restrictive immunosuppression; HR 0.55 (95% CI 0.32-0.93, p=0.026)
Median survival of 13.2 months in patients with RIM versus 7.0 in patients without RIM  with a mean prolongation of survival of 5.5 months



Recommendations on Post-transplant HCC 
Recurrence

• Addition of an mTOR inhibitor and CNI minimization is recommended 
• Combination for mTOR-I with sorafenib is associated with serious adverse events and should 

only be administered by experienced physicians

• In case of recurrence, dosing and regimen of IS could be reconsidered, although no clinical 
studies support this approach 

• The same holds true for switching to an mTORi



Systemic Analysis of Immune Checkpoint Inhibitors 
After Liver Transplantation

28 articles with 47 recipients on ICIs after LT (59.6% HCC) 
31.9% (15/47) had rejection. 

M Xie et al. Ther Adv Chronic Dis 2022



Effects of Anti-PD1 Therapy on HCC Under TAC 
Treatment

YC Hsu et al. Transplantation 2023

Murine Allogeneic Skin Transplantation Model and Murine Syngeneic Subcutaneous & Orthotopic HCC Models 

Administration of high-dose 
tacrolimus increases tumor 

volume

Treatment with PD1 blockade 
inhibits orthotopic HCC tumor 

progression and lung metastasis 

Anti-PD1 inhibits tumor progression and 
incidence of lung with long-term 

administration of high-dose tacrolimus 



Administration of High Dose TAC Rescued Acceleration of 
Transplant Rejection Induced by PD-1 Blockade

Histology

IHC for 
CD3+ and 

CD8+ T 
cells

Number of skin-infiltrating CD3+ & 
CD8+ T cells of transplanted skin 

grafts

YC Hsu et al. Transplantation 2023



Summary (I)

• There is no current optimal immunosuppressive regimen for HCC 
patients in preventing recurrence and for disease progression after 
recurrence 
• Treatment must be individualized 

• Tumour biology, rejection risk, renal function, metabolic disorders 

• The available data to date would suggest that 
• Induction IS does not appear to increase the risk of HCC recurrence 
• TAC and steroid minimization may be beneficial 
• Use of MMF may augment the effect of TAC 
• mTORi may be beneficial



Summary (II)

• Once HCC recurs, again, there is no general consensus as to the 
most optimal IS approach should be, although the general 
approach would be similar to HCC prevention 
• Minimize CNI and steroid 
• Using mTOR-I 

• Use of ICI associated with increased risk of rejection and graft loss 
• Possible lower risk with adequate dosing of TAC in combination with 

other IS agents, without reducing the effect of ICI



Thank You Very Much For Your Attention

jfunggastro@gmail.com


