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Factor Hazard ratio (95%CI) P value

AFP > 200 1.5 (1.07-2.2) 0.02

Intraoperative 
Transfusions

2.6 (1.5-3.1) 0.0001

Poor Differentiation 1.9 (1.2-2.9) 0.009

Microvascular Invasion 1.71 (1.2-2.4) 0.002

Cirrhosis 1.69 (1.2-2.39) 0.003

Kluger, Cherqui. J Hepatol 2015

Independent Prognostic Factors of Recurrence Free Survival 
After Resection for HCC



Siegel A Am J Gastroenterol 2008

Surveillance, Epidemiology, and End Results Program 1998-2002, USA

Patients with small HCC ≤ 5cm

21% were transplanted 

Liver Transplantation for HCC
Effective but Small Part of the treatement



•  Survival < OLT for benign disease: recurrence

•  Competition with other indications

•  Strict patient selection required

•  Organ shortage

•  Progression and drop out from waiting list

Limitations of LT for HCC
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« We believe that hepatic transplantation should be restricted

 to small lesions (<3cm) with one or two nodules. »

3-year survival (Disease free)

Resection OLT p

1 ou 2 nodules,
 < 3 cm 41% 83%         <0.05

           (18%)            (83%)

> 3 nodules, -  46%
 > 3 cm      (44%)

<0.01

Resection vs Liver transplantation

Bismuth Ann Surg 1993



Ann Surg, 1993

NEJM, 1996

Am J Transp, 2007



1 nodule ≤ 5 cm 
Or  n ≤ 3 et Ø ≤ 3 cm

1 nodule ≤ 6.5 cm 
Or n ≤ 3 / Ø ≤ 4.5 ou Σ Ø ≤ 8 cm

UCSFMILAN



Bruix et al. Gut 2014

Guidelines for Treatment of HCC

Resection

Missing: Child C with 1-3 nodules <3cm



– MELD measuring severity of liver disease
– Utility: sickest first Policy

– HCC exception points for TNM1 and TNM2 
– Equity
– HCC MELD (increase / 3 months)
– Transplant within 3-6 months

Organ Allocation 
USA - 2002



• MELD: severity of liver disease

• HCC exception points 
– TNM 1: 0 points
– TNM 2 : HCC MELD 
– increment / 3 months: 6 – 12 months

Organ Allocation 
USA 2002. Europe 2004-2007



30 % of TNM 1 (<2cm) patients had no cancer 
on hepatectomy specimen 

Wiesner Gastroenterology 2004

Liver Transplantation for Small HCC



• Size and Number of Nodules: 
– Insufficient and Simplistic 
– Empirical extension

• Tumor Biology
– Pathology excellent but usually unavailable preoperatively
– Surrogates

● AFP 
● Tumor progression
● Response to Locoregional treatment
● Genomics and Molecular biology…

Can we Refine the Criteria of Selection of HCC



Modified staging*

•  Single nodule < 6.5 cm

OR

•  < 3 nodules, < 4.5 cm diameter
  and total diameter  < 8cm

LT for HCC : expansion of the tumor size does not adversely impact survival 
Yao et al. Hepatology 2001

Can we Refine the Criteria of Selection of HCC
UCSF Criteria



Mazzaferro et al.

Lancet Oncol 2009

The Metro Ticket



Up to Seven: 

HCC with 7 as the sum of the size of the largest tumour 
and the number of tumours

1 tumor - 6 cm: 6+1

4 tumors - max 3 cm: 4+3

5 tumors – max 2 cm: 5+2

Mazzaferro Lancet Oncology 2009



Up to Seven: Role of Microvascular Invasion

mVI - 

mVI + 

Mazzaferro Lancet Oncology 2009



Up to Seven: Role of Microvascular Invasion

mVI - 

mVI + 

Mazzaferro Lancet Oncology 2009

1 tumor - 6 cm: 6+1

mVI- 68% 5y 

mVI+ 46% 5Y



Up to Seven: Role of Microvascular Invasion

mVI - 

mVI + 

Mazzaferro Lancet Oncology 2009

5 tumors – max 2 cm: 5+2

mVI- 68% 5y 

mVI+ 48% 5Y



Mazzaferro Lancet Oncology 2009

Up to Seven without Microvascular Invasion



• Size and Number of Nodules: 
– Insufficient and Simplistic 
– Empirical extension

• Tumor Biology
–  Pathology excellent but usually unavailable preoperatively
– Surrogates

● AFP 
● Tumor progression
● Response to Locoregional treatment
● Genomics and Molecular biology…

Can we Refine the Criteria of Selection of HCC
UCSF Criteria



Impact of Pre-LT Increasing AFP > 15 ng/ml/mth 
on Post-LT Recurrence Free Survival

Vibert AJT 2010



•  1032 patients transplanted for HCC in 16 French Centers (> Milan : 
32%)

●  Training cohort 597

●  Validation cohort 435

 Uni- and multivariate analysis for predictors of recurrence

 Design of a  predictive model of recurrence

  Design of a simplified, user-friendly version of the model

  Comparison against Milan criteria

•  1032 patients transplanted for HCC in 16 French Centers (> Milan : 
32%)

●  Training cohort 597

●  Validation cohort 435

 Uni- and multivariate analysis for predictors of recurrence

 Design of a  predictive model of recurrence

  Design of a simplified, user-friendly version of the model

  Comparison against Milan criteria



AFP> 1000

 AFP 100-1000

AFP <100

Duvoux et al. Gastroenterology 2012

AFP level and Post LT Survival and Recurrence



Training (n=492) Validation (n=435)

1988-2001 2003-2004

LT recommended: Score ≤ 2 LT not recommended: 
Score > 2

Duvoux Gastroenterology 2012

AFP Score



< 100 ng/mL 100-1000 ng/mL > 1000 ng/mL
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Macrovascular in-
vasion

Duvoux et al. Gastroenterology 2012

Correlation AFP and Pathology



Variable Points

Size
≤ 3 cm
3-6 cm
> 6 cm

0
1
4

Number
1-3
≥ 4

0
2

AFP (ng/mL)
≤ 100

100-1000
> 1000

0
2
3

Duvoux et al. Gastroenterology 2012

Cut-off = 2

Risk of Recurrence

≤ 2 : Low

> 2 : High

The AFP score



Variable Points

Size
≤ 3 cm
3-6 cm
> 6 cm

0
1
4

Number
1-3
≥ 4

0
2

AFP (ng/mL)
≤ 100

100-1000
> 1000

0
2
3

Duvoux C et al. Gastroenterology 2012

Examples: 

● 5 nodules  < 3 cm (outside Milan) 
AFP < 100 AFP score = 
2 low recurrence risk

● 1 nodule = 6 cm (outside Milan) 
AFP < 100 gives AFP score = 
2 low recurrence risk

● 1 nodule  = 5 cm (within Milan) 
AFP > 100 AFP score = 
3 high recurrence risk

● 2 nodules < 3 cm (within Milan) 
AFP > 1000 AFP score of 3 

high recurrence risk

The AFP score



Score ≤ 2 : 59 patients outside Milan

    325 patients inside Milan

Score ≥ 3 : 42 outside Milan

    10 inside Milan

p = 0.88
p = 0.07

5 year survival : 

Milan + : 66.9 ± 3.8 %

Milan - : 74.4 ± 5.7 %

5 year survival : 

Milan + : 30.0 ± 14.5 %

Milan - : 54.1 ± 8.2 %

The AFP Score Improves Milan Criteria



Nault et al. Gastroenterology 2013



Decision to transplant Transplantation

Tumor progression
Vascular invasion

Bridge treatment 

Intent to treat

Drop out

Liver Transplantation for HCC



DROP OUT FROM THE WAITING LIST

• Risk Increased with time

• Depends of the size and number of nodules at listing

• When to drop out?:

● Increased HCC out of Milan criteria or UCSF criteria?

● Vascular invasion?

• Interval of surveillance on the waiting list?

• Treatment of HCC to avoid drop out?



STRATEGIES

• Depends of the waiting time

• Main possibilities:

● Percutaneous treatment :

●  Radiofrequency

● Transarterial chemoembolisation

●  Surgical Resection 

● Targeted Therapies?



Majno J Hepatol 2005

Drop Out Rate In Patients With HCC Waiting For LT



TRANSARTERIAL LIPIODOL CHEMOEMBOLISATION

 Survival: chemoembolisation vs control
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p<0.009

Chemoembolization    40        29              14               4                2

Control    35        19                7                 3                0
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Llovet JM et al.  Lancet, 2002 .



5-Year Disease Free Survival According to Complete Necrosis 

of One Nodule< 5cm after TACE or STACE

Dharancy Liver Transplant 2007



Time

T
A

C
E

 B
en

ef
it

+Yao (180d)

-Roayaie (142d) +Maddala (211d)
-Hayashi (343d)

+Graziadei (178d)

+Fisher (277d)
-Porrett pre-MELD (574d)

-Porrett post-MELD (54d)

-Oldhafer (118d)

-Decaens (128d)

TimeTime

T
A

C
E

 B
en

ef
it

+Yao (180d)

-Roayaie (142d) +Maddala (211d)
-Hayashi (343d)

+Graziadei (178d)

+Fisher (277d)
-Porrett pre-MELD (574d)

-Porrett post-MELD (54d)

-Oldhafer (118d)

-Decaens (128d)

TACE Benefit According to the Waiting Time Duration
Benefit for Waiting time Between 4 to 9 months

Aloia T, Adam R, Samuel D, J Gastro Intest Surg 2007



Feasibility of Salvage LT : 31/90 who 
recurred (34%)Bhangui Ann Surg 2015



Liver transplantation, by treating both the tumor and cirrhosis, is the 
best (only) curative treatment for HCC

Its intention to treat efficacy is limited by severe organ shortage and 
it can only be offered to a limited number of patients

Strict criteria based on the risk of tumor recurrence are therefore 
required for an effective utilization of limited organ supply

Conclusion



Post transplant recurrences are correlated with 

Size and number of lesions

Tumor differentiation and vascular involvement
Preoperative AFP

Milan Criteria are widely adopted but have limitations
Excessive for early and very early tumors (T1)
Too restrictive for lesions moderately above criteria

Preoperative AFP 
Improves patient selection
Allows reasoned extension of criteria

Conclusion



Bridge treatment is required (TACE, Ablation, Resection)
To control tumor progression on waiting list
Improve patient selection
Downstage more advanced tumors

Present trend: 

Ablation or Resection for early tumors in compensated cirrhosis and 
salvage transplantation in case of recurrence

Moderate extension of transplant criteria to patients with AFP < 100

Conclusion
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