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Liver Transplantation for HCC represents the best 
treatment option

• Liver transplantation treats both the cancer with the widest margins and  
   the underlying liver disease.



Outcomes: 5-year survival for abdominal malignancies

Cholangio Ca

Gastric Ca

Pancreas Ca

HCC with LT ~75-80% 

Recurrence ~20%

Sapisochin G, et al. Hepatology 2016



BCLC Staging System and LT 

Reig M, et al. J Hepatol 2022



BCLC Staging System and LT 

Reig M, et al. J Hepatol 2022



How can we Transplant Patients  
Beyond Milan Criteria?

Extended Criteria  
(biological markers?)

Downstaging



Downstaging



62 yo man – NASH cirrhosis 
CPT A, MELD 12, with Portal Hypertension (plt count 50.000) 

Tumor Burden: 
6 HCCs.  
2 are 5.5 cm and 4.3 cm  
The other 4 are 3 cm, 2.4 cm, 1.5 cm and 1 cm 
TTV=155 

Excellent Functional Status – ECOG 0 

AFP 3200 ng/mL



Treatment Options: 

• Currently not a candidate for LT.  

• Not a candidate for resection.  

• TACE/TARE palliative – Median OS ~30 months 

• Systemic Therapy – Median OS ~ 16-20 months





Downstaging

Extended/expanded institutional criteria 
(usually UNOS DS) 

LRT / ?systemic

Downstaged institutional  criteria 
(usually Milan criteria –   
viable tumour mRECIST)



mRECIST Definition of Downstaging in HCC

The radiological evaluation of the response to LRT is based 
on measurements of the maximum tumor diameter of 

ONLY viable tumors (mRECIST)

Lencioni R, et al. Semin Liver Dis 2010 
Yao FY, et al. Hepatology 2016

100%
50% 0%



Eligibility criteria *

Dropout

End-point of Down-staging (Milan or 
other criteria)

LRT for tumor down-staging

Liver Transplant

Outcome analysis:
      Post-transplant survival

      Recurrence-free survival
      Intention-to-treat survival

LRT for maintaining tumors
within LT listing criteria 

Dropout

Exclusion criteria

Minimum observation period

Courtesy of F. Yao and N. Mehta

Down-Staging Protocol

Usually 3 m



Down-Staging Protocols – Inclusion Criteria

Courtesy of F. Yao and N. Mehta - UCSF



End-Point of Down-Staging
• End point of down-staging should be viable tumor (mRECIST) 

• Most centers end-point is MILAN criteria (UNOS/UCSF) 

• In Toronto end-point is TTV 145 cm3 and AFP <1000 ng/mL 

• Geneva TTV 115 cm3 and AFP <400 ng/mL

Yao FY, et al. Liver Transpl 2011
Jeng KS, et al. Transpl Proc 2019
Toso C, et al. Tranpl Int 2019

Based on Size and Number – Other markers? 
*discrepancy number/size tumors imaging and explant*



Minimum Observation Period After Down-Staging

• An observation period after down-staging is likely needed 
  (tumor biology) 

• The optimal time is unknown 

• Most centers will accept a 3 month observation period.  
  However, the time to transplant will be longer, except for 
  LDLT



Outcomes of LT after Down-Staging

p=0.29

63%

56%

Intention-to-treat Survival

Yao et al. Hepatology 2015;61:1968-1977



Outcomes of LT after Down-Staging

p=0.29

63%

56%

Intention-to-treat Survival

Yao et al. Hepatology 2015;61:1968-1977

Post-Transplant Survival

p=0.69

81%

78%



Outcomes of LT after Down-Staging

Mehta N et al. Hepatology 2019

Milan

UNOS-DS

UNOS Database 
3276 patients MILAN 
422 DS to MILAN from UNOS-DS 
Protocol 

1 lesion 5-8 cm 
2-3 lesions 3-5 cm with TTD <8 cm 
4-5 lesions all <3 TTD <8

83.2%

79.1%

p=0.17

3-year Recurrence Probability 
6.9% Milan vs. 12.8% UNOS-DS



Should there be an upper tumor burden  
to attempt Down-staging?

UCSF DS Criteria All-comers Criteria

Sinha J, et al. Hepatology 2019



Treatment Failure: AFP and Child’s Class 

46%

100%

33%

1 Risk Factor

0 Risk Factors

p=0.001 

2 Risk Factors

Risk factors 
- Pre-treatment AFP > 1000   
- Child-Pugh B/C 

Mehta N et al. Clin Gastroenterol Hepatol 
2018;16:955-964



P Tabrizian et al. JAMA Surgery 2022

Multicenter Downstaging Study



P Tabrizian et al. JAMA Surgery 2022; A Kardashian et al. Hepatology 2020

Multicenter Downstaging Study



Within and Beyond UNOS-DS Protocols 

Tan et al, CGH 2022



Lai Q et al. Cancers 2020

Upper Limit for Downstaging

WE-DS Criteria 
• AFP <20 plus diameter  

and number <12 
• AFP 21-200 and <10 
• AFP 201-500 <7 
• AFP 501-1000 <5

Similar Drop-out Rates
10y OS HCC related-death 82% within WE-DS 

58 % if WE-DS out



Upper Limit for Downstaging

Seehofer D, Sapisochin G et al. Tranpl Int 2022



• An upper limit in tumor burden probably exists beyond which 
successful LT after down-staging becomes an unlikely goal
• Significantly worse rates of down-staging, ITT survival, 

waitlist dropout, and post-LT survival for HCC pts initially 
beyond UNOS-DS compared to Milan and UNOS-DS patients 

• But what that limit is?

• Could adding systemic therapy in this population be helpful to 
improve outcomes??

Upper Limit for Downstaging



Some Caveats

• A proportion of patients without downstaging to Milan (and tumor  
   response) would have done very well after LT.  

• Do we need downstaging? Or response to therapy is enough? 

• Should this be different in the setting of LDLT, were the threshold 
   of 5y OS may be different? 

• What is the goal of therapy in those with high tumor burder? 
     When to start immunotherapy?



Can we successfully Down-stage patients with 
Macrovascular Invasion?



Wei X, et al. J Clin Oncol 2019



Soin A, et al. Transplantation 2020

5-y OS  
57%

5-y OS  
65%

5-y OS  
45%Median Follow-up   

33 months



Future Directions

• With newer LRT and systemic therapies all patients  
   eligible for transplant without EH disease should be    
   considered in “downstaging protocols”.  

• With immunotherapy being used more in the pre-LT 
setting – upper limits of downstaging protocols likely to  

    disappear (safety data awaited).  



Unmet Needs

• What is the optimal Down-staging Protocol?  

• Utilization of immunotherapy in this setting 

• Down-staging to what? And how to monitor therapy 
(biomarkers)? 
• PET 
• ctDNA 
• Radiomics 



62 yo man – NASH cirrhosis 
CPT A, MELD 12, with Portal Hypertension 
(plt count 50.000) 

Tumor Burden: 
6 HCCs.  
2 are 5.5 cm and 4.3 cm  
The other 4 are 3 cm, 2.4 cm,  
1.5 cm and 1 cm 
TTV=155 

Excellent Functional Status – ECOG 0 

AFP 3200 ng/mL

TACE x 3 
MWA 

STRIDE

CR for smaller lesions 
PR for larger ones 

No EH disease 
AFP 43 ng/mL

LDLT



Who is the Ideal Candidate for Downstaging?

• Ideal are those just beyond Milan DS to Milan; BUT 

• Most patients with no EH disease and no MVI should be considered  
   into a DS strategy.  

• Patients should receive the SOC treatment but transplant should  
   be always a consideration down the road. 



Summary

• Liver Transplantation plays a very important role in the global  
    management of HCC – best treatment – and its utilization likely  
    to increase (new therapies).  

• “Downstaging” or “response to therapy” can increase the eligibility 
     of patients.  

• Most patients “without EH” disease should likely be considered  
    potential candidates for LT if sustained response to therapy. 



@sapisochin

Gonzalo.Sapisochin@uhn.ca





5-year “HCC-related death” 
CR: 3.1% 
PR/SD: 9.6% 
PD: 13.4% (p<0.001)

Cuchetti A, et al. J Hepatol 2020



University of Toronto Experience

Gorgen A, Sapisochin G, et al. ILTS 2019 O-088

1 LRT

2 LRT

≥3 LRT

Intention-to-treat Analysis
n=196 

BEYOND MILAN

Multivariate Analysis 

LRT >2 HR 2.19 (1.27-3.78) 
LRT ≥3 HR 4.35 (2.32-8.16)



AFP >1000

AFP <200

AFP 400-1000 down to >200
AFP 200-400 down to >200

AFP >1000 to <1000 (>50%)
AFP 200-1000 down to <200

~30% patients beyond 
Milan 

Halazun K, Sapisochin G et al. JAMA Surg 2021



Response to LRT by decrease in tumor markers (AFP)



• What is the optimal Down-staging Protocol? 

• Down-staging to what? And how to monitor therapy
• PET
• ctDNA
• Radiomics

• Do we really need to Down-stage, or is response 
enough?

Down-Staging for HCC: 
Future Directions



How to Improve Oncological Outcomes of Liver 
Transplantation for HCC 

 
Downstaging

Gonzalo Sapisochin, MD, PhD, MSc 
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Mazzaferro V, et al. Lancet Oncol 2020



Bridging Therapy as a surrogate of tumor biology
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• Optimal transplant criteria for HCC has been based on static  
    tumor size and number in most jurisdictions. In many cases this  
    criteria has thought to be restrictive (Milan criteria) 

• Limitations of size and number criteria: 

 - Does not account for changes in tumor burden. 
 - Accuracy of imaging techniques? 
 - Biological behavior? 
 - Other cancers (i.e. Colorectal Liver Metastases, importance 
       of response to chemotherapy) 

Introduction



Sapisochin G et al. Nature Rev. 2017



Can response to LRT and other surrogates of tumor  
biology be integrated in the decision making of  

LT candidacy in patients with HCC?

Can we expand the indications of Liver Transplantation 
for HCC by Tumor Downstaging?



Mehta N, et al. Clin Liver Dis 2019



Reduction in tumor size using LRT to meet “acceptable LT criteria” 

▪Tumor response based on radiographic measurement of size of viable tumors 

Yao F et al. Hepatology 2015
Mehta N et al. Clinical Gastro & Hepatology 2018
EASL guidelines, RECIST

Definition of Down-Staging



• The goal of down-staging is to decrease the tumor burden to meet 
acceptable criteria for liver transplant. 

• Down-staging may allow selection of tumors with more favorable 
biology that respond to down-staging treatment and also do well after 
liver transplant.

• Down-staging should yield 5-year post-transplant survival similar to 
that achieved for patients who meet criteria for liver transplant 
without down-staging. 

Goals and Expectations of Down-Staging

Yao FY, et al Liver Transpl 2011 
Lo CM. Am J Transpl 2008



Eligibility criteria *

Dropout

End-point of Down-staging (Milan or 
other criteria)

LRT for tumor down-staging

Liver Transplant

Outcome analysis:
      Post-transplant survival

      Recurrence-free survival
      Intention-to-treat survival

LRT for maintaining tumors
within LT listing criteria 

Dropout

Exclusion criteria

Minimum observation period

* Based on HCC number and diameter initially beyond LT listing criteria

Courtesy of F. Yao and N. Mehta



Eligibility criteria *

Dropout

End-point of Down-staging (Milan or 
other criteria)

LRT for tumor down-staging

Liver Transplant

LRT for maintaining tumors
within LT listing criteria 

Dropout

Exclusion criteria

Minimum observation period

5-yr survival the same as 
those meeting criteria 
without down-staging

Courtesy of F. Yao and N. Mehta 
Clavien PA, et al. Lancet Oncol 2012



Down-Staging Protocols – Inclusion Criteria

Courtesy of F. Yao and N. Mehta - UCSF



End-Point of Down-Staging

• End point of down-staging should be viable tumor (mRECIST) 

• Most centers end-point is MILAN criteria (UNOS/UCSF) 

• In Toronto end-point is TTV 145 cm3 and AFP <1000 

• Geneva TTV 115 cm3 and AFP <400

Yao FY, et al. Liver Transpl 2011
Jeng KS, et al. Transpl Proc 2019
Toso C, et al. Tranpl Int 2019

Based on Size and Number – Other markers? 
*discrepancy number/size tumors imaging and explant*



Minimum Observation Period After Down-Staging

• An observation period after down-staging is likely needed 
  (tumor biology) 

• The optimal time is unknown 

• Most centers will accept a 3 month observation period.  
  However, the time to transplant will be longer, except for 
  LDLT



Outcomes of LT after Down-Staging

p=0.29

63%

56%

Intention-to-treat Survival

Yao et al. Hepatology 2015;61:1968-1977



Outcomes of LT after Down-Staging

p=0.29

63%

56%

Intention-to-treat Survival

Yao et al. Hepatology 2015;61:1968-1977

Post-Transplant Survival

p=0.69

81%

78%



Outcomes of LT after Down-Staging

Mehta N et al. Hepatology 2019

Milan

UNOS-DS

UNOS Database 

3276 patients MILAN 
422 DS to MILAN from UNOS-DS 
Protocol 

1 lesion 5-8 cm 
2-3 lesions 3-5 cm with TTD <8 cm 
4-5 lesions all <3 TTD <8

83.2%

79.1%

p=0.17

3-year Recurrence Probability 
6.9% Milan vs. 12.8% UNOS-DS



Should there be an upper tumor burden  
to attempt Down-staging?

UCSF DS Criteria All-comers Criteria

Sinha J, et al. Hepatology 2019



Should there be different Down-staging protocols  
for LDLT vs. DDLT?



Downstaging Macrovasc Invasion?? 

- Trial of SBRT in Resection… 
- Korean Paper… 

Future/Unanswered questions 
- Optimal DS protocol? DS to what? 
- Monitoring DS? Do we really need DS or Response is enough!! 
- Biomarkers – ctDNA? 
- DS with systemic therapy?



Predicting Poorly Differentiated Nodules

Boussouar S, et al. Cancer Imaging 2016



Chalaye J, et al. J. Hepatol 2018



Future Perspectives: Radiomics

Xu et al. J Hepatol 2019



Von Felden J, et al. Oncotarget 2017



Von Felden J, et al. Oncotarget 2017



Llovet et al. Nature Rev. 2018



• Is there going to be any immunotherapy drug used in  
   transplant population? 

• Neoadjuvant therapies? 

• Selection based on biological/genomic features?



Response to LRT by imaging/explant



Lee D. et al, Liver Transp 2019

N=772 HCC patients treated LRT 
94% within MILAN 

mRECIST criteria 
CR 
PR ≥30% decrease 
PD ≥20% increase 
SD no changes

OR  p value

No response to LRT 2.26 (1.31-3.88) <0.01

Progression to LRT 8.24 (4.34-15.66) <0.01

Number or LRT 1.29 (1.1-1.5) <0.01

Risk of Drop-out

OR  p value

No response to LRT 3.13 (1.25-7.89) 0.02

Number or LRT 1.49 (1.1-1.88) 0.01

Cumulative incidence of Recurrence



Lee D. et al, Liver Transp 2019

No response to LRT

Response to LRT

No CR

CR





Agopian V et al. Ann Surg, 2017

Response to LRT



University of Toronto Experience

Gorgen A, Sapisochin G, et al. ILTS 2019 O-088

1 LRT

2 LRT

≥3 LRT

Intention-to-treat Analysis
n=196 

BEYOND MILAN

Multivariate Analysis 

LRT >2 HR 2.19 (1.27-3.78) 
LRT ≥3 HR 4.35 (2.32-8.16)



University of Toronto Experience

Gorgen A, Sapisochin G, et al. ILTS 2019 O-088

1 LRT

2 LRT

≥3 LRT

Disease-Free Survival

n=161 Transplanted 

BEYOND MILAN

Multivariate Analysis 

LRT >2 HR 2.39 (1.28-3.43)



DiNorcia J et al. Ann Surg 2019



Kim AY, et al. J. Hepatol 2018



Kim AY, et al. J. Hepatol 2018



Future Perspectives: PET-MRI for Liver Cancer

Different 
tumoral 
biology?

Regular Imaging PET-MRI

Accurate  
Size/Num



Response to LRT by decrease in tumor markers (AFP)



Static AFP 

Sapisochin G et al. Hepatology 2016 
Hameed et al. Liver Transpl 2014





AFP slope

Vibert E, et al. AJT 2010

AFP increase ≥15 ng/mL per month

Risk Ratio

Progressive AFP (≥15 ng/
mL per month)

2.06 (1.16-3.9)

Risk Ratio

Progressive AFP (≥15 ng/
mL per month)

2.45 (1.27-4.7)

Overall Survival

Disease-Free Survival

Progressive AFP

Stable AFP



Halazun K, et al. Ann Surg 2018

AFP 
Response

AFP >1000

AFP <200

AFP 400-1000 down to >200

AFP 200-400 down to >200

AFP >1000 to <1000 (>50%)



Mehta N, et al. Hepatology 2019

93.6% Milan

AFP Response



Other surrogates of tumor biology



Tumor Differentiation
Extended Toronto Criteria 

No limit size and number HCC 
No constitutional symptoms 
No Macrovascular Invasion 
No Poorly Differentiation

Sapisochin G, et al. Hepatology 2016

*Limitation: 
Accuracy of biopsy 
Heterogeneous tumor



Neutrophil-to-Lymphocyte Ratio (NLR)

Lai Q, et al. Ann Surg 2016



AFP

NLR

LRT

Diff.

…?



Mehta N, et al. Clin Liver Dis 2019 



Future Perspectives



Will Machine Learning Algorithms (Artificial Intelligence) help  
with these Scores?

Lau L, Sapisochin G et al. ILTS 2019 P-



Sinha J. et al, Hepatology 2019



RECURRENCE 

SURVIVAL LT

HCC within Milan

Moving beyond just SIZE & NUMBER 
 - Precision Medicine in HCC? -

Miltiadous O, et al. J. Hepatol 2015 
Llovet JM. Liver Transpl 2015 
Villanueva A, et al. Gastroenterology 2011

CK 19? 
S2 Sub?



HCC beyond Milan

LTRECURRENCE 

SURVIVAL

Moving beyond just SIZE & NUMBER 
 - Precision Medicine in HCC? -

RECURRENCE 

SURVIVAL LT

HCC within Milan

Miltiadous O, et al. J. Hepatol 2015 
Llovet JM. Liver Transpl 2015 
Villanueva A, et al. Gastroenterology 2011

CK 19? 
S2 Sub?

CK 19? 
S2 Sub?



Future Perspectives



Outline

• Why LRT? 
• LRT response 
• Biomarkers for LRT response 
• AFP 
• mRECIST 
• Pathological response 

• Future perspectives



Locoregional therapies

• Aims:  
• Reduction of dropout risk  
• Downstaging 

• Most applied methods: 
• TACE 
• RFA 
• Other: SBRT, Y90

DuBay et al HPB 2011 
Frangakis et al. Cardiovasc Intervent Radiolo 2011 

Sapisochin et al. J Hepatol 2017 
Mohamed et al. Adv Radiat Oncol 2015 



Overall dropout Dropout due to tumor progression



TACE and dropout risk

Frangakis et al. Cardiovasc Intervent Radiolo 2011



Transplant Proc 2008



LRT – Risk of dropout

Kulik  et al. Hepatol. 2018



Response to LRT and progression 
beyond MC or death

De Giorgio  et al. Liv Transpl 2010



Response to LRT and progression 
beyond MC or death

De Giorgio  et al. Liv Transpl 2010



Response to LRT and dropout risk

Mehta  et al. Liv Transpl 2013



Response to LRT and dropout risk

Tsuchiya et al. Liv Transpl 2014



LRT - downstaging

Intention-to-treat Transplanted





Downstaged vs. non-downstaged





Response to LRT and pathological 
features

Yao et al. Hepatol 2015



Univariable and multivariable logistic regression for predictors of microvascular invasion among patients who underwent liver transplantation.  

Variable Univariable Multivariable
  OR (95% CI) p OR (95% CI) p
Serum AFP pre-LT (per 100 ng/mL) 1.04 (1.00 – 1.08) 0.04 1.02 (0.99 – 1.05) 0.21

AFP slope (ref.: stable)        
Regressive 1.13 (0.63 – 2.01) 0.68 1.53 (0.81 – 2.91) 0.19

Progressive 2.02 (1.11 – 3.68) 0.02 0.96 (0.52 – 1.78) 0.91
Tumor size pre-LT (per cm) 1.20 (1.13 – 1.27) <0.001 1.12 (1.02 – 1.23) 0.02
Tumor number pre-LT (per lesion) 1.52 (1.32 – 1.74) <0.001 1.18 (0.95 – 1.47) 0.13

Number of LRT (ref.: 1 LRT)        
2 LRT 1.94 (1.21 – 3.10) 0.01 1.85 (1.12 – 3.06) 0.02

≥ 3LRT 2.23 (1.22 – 4.09) 0.01 1.99 (1.03 – 3.84) 0.04

Response to LRT and pathological 
features









Agopian et al. Ann Surg 2017









Group HR (95% CI)
1 LRT Ref.
2 LRT 1.69 (1.27 – 2.24)
≥ 3 LRT 2.09 (1.47 – 2.98)

Overall logrank test p < 0.001



Group HR (95% CI)
1 LRT Ref.
2 LRT 1.71 (1.07 – 2.72)
≥ 3 LRT 1.87 (1.04 – 3.37)

Overall logrank test p = 0.003



Comparison between    the accuracy of validated selection criteria for liver transplantation before and 

after the inclusion of one point in patients with increased need of locoregional therapies.
Criteria Before  (95% CI)  After (95% CI) p
Milan 0.61 (0.56 – 0.67) 0.66 (0.60 – 0.71) 0.07
AFP French score 0.66 (0.60 – 0.72) 0.69 (0.63 – 0.75) 0.03
Metroticket 2.0 0.65 (0.58 – 0.72) 0.67 (0.61 – 0.74) 0.01
ETC 0.56 (0.52 – 0.60) 0.64 (0.58 – 0.69) 0.01
UCSF 0.61 (0.55 – 0.66) 0.66 (0.60 – 0.71) 0.06



Selection Criteria: Pre-Listing AFP

Hameed et al. Liver Transpl 2014



Notarpaolo  et al. J Hepatol 2017



AFP slope





Halazun et al. Ann Surg 2018



Halazun et al. Ann Surg 2018



Selection tool: MRI

Lee et al. J Hepatol 2017



Lee et al. J Hepatol 2017

Peritumoral enhancement Non-smooth margin 
Peritumoral hypodensity



Reig M, et al. J Hepatol 2022



Selection Tool: PET MRI

Boussouar et al. Cancer Imaging 2016



Song et al. Clinical Radiology 2015

p = 0.024



Selection tool: circulating tumor cells

Court et al. Liver Transpl 2018



Conclusions

• LRT seems to be related to lower dropout rates, although the 
evidence level is low 
• Good response to LRT is related to less aggressive pathological 

features in explanted livers 
• Patients with intermediate stage HCC and good response to LRT 

could benefit from LT


