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Hepatocellular Carcinoma

• Most common primary malignancy of 

the liver

• Most occur in the setting of chronic 

liver disease

• Worldwide

– Sixth most common cancer

– Second leading cause of cancer-related deaths



Liver Transplantation

• Attractive option to treat HCC!

• Replacing the liver…

– Removes tumor

– Removes undetected tumors

– Removes pre-neoplastic lesions

– Removes hepatitis, cirrhosis, “field defect”

– Corrects underlying liver dysfunction 



Liver Transplantation

• Best HCC treatment in Child-Pugh B/C cirrhosis

• Dramatic & dynamic improvements past few decades

– Assessment of liver function

– Cross-sectional imaging

– Surgical techniques

– Anesthesia and critical care

• Ongoing evolution of criteria & prognostic factors

– Selection of patients

– Balance organ stewardship with outcomes



Liver Transplant Waitlist 2019

HCC 10.6%

Kwong AJ et al. OPTN/SRTR 2019 Annual Data Report: Liver.



Liver Transplants 2019

HCC 14.0%

Kwong AJ et al. OPTN/SRTR 2019 Annual Data Report: Liver.



Liver Transplant for HCC Survival 2019

HCC 5-year graft 

survival 75.2%

Kwong AJ et al. OPTN/SRTR 2019 Annual Data Report: Liver.



History

• 1967, first LT for HCC, Thomas Starzl

• Dismal initial outcomes

– Lack of patient selection criteria

– Lack of organ allocation criteria

– Nascent surgical field

• Moratorium in US!



Milan Criteria



Milan Criteria

• Met criteria:

– Overall 85%

– Recurrence-free 92%

• Beyond criteria:

– Overall 50%

– Recurrence-free 59%



UCSF Criteria



UCSF Criteria

• Met criteria:

– 1-year 90%

– 5-year 75.2%

• Beyond criteria:

– 1-year 50%



Criteria for HCC MELD Points

• Evaluation of number and size of lesions CT or MRI

• CT chest to rule out metastatic disease

• CT or MRI to rule out any other sites of extrahepatic 

spread or macrovascular involvement

• Indication that candidate is not eligible for resection



Criteria for HCC MELD Points

• One lesion ≥2 cm and ≤5 cm

• Two or three lesions each ≥1 cm and ≤3 cm 



Bridge to Transplant

• Long wait-list times

• Tumor progression

– Intrahepatic

– Extrahepatic

• High drop-out rate from transplant list

• Locoregional therapy

– Ablation

– Transarterial therapy



Down-Stage to Transplant

• Select patients

• Beyond Milan

• Within UCSF

• Locoregional therapy

– Ablation: RFA/MWA

– Transarterial therapy: TAE, TACE, TARE (Y90)

– SBRT

• Observe 6 months



Criteria for Down-Staging

• One lesion ≥5 cm and ≤8 cm

• Two or three lesions:

– At least one lesion ≥3 cm

– Each lesion ≤5 cm

– A total tumor diameter of all lesions ≤8 cm

• Four or five lesions: 

– Each ≤3 cm

– A total diameter of all lesions ≤8 cm



Too Restrictive?

• Up-to-seven

Mazzaferro et al. 2009.



Evolution

• “Math-based”

– Size and number

• “Biology-based”

– Biomarkers

• AFP, DCP, NLR

– Dynamic factors on wait-list

• Wait times, Down-staging, Response to LRT

– Pathology

• Size, Number, Grade, Vascular invasion, Necrosis 

(response to LRT)



AFP: France



AFP: Metroticket



NYCA



Extended Toronto Criteria

• No size or number  

restrictions

• Biopsy dominant lesion 

without poor differentiation

• Overall 5-year survival:

• +MC 69% vs. MC 78%

• Incidence of recurrence:

• +MC 25.6% vs. MC 16.1%



UCLA Nomogram

• Biology is king!

• Most important independent predictors of post-transplant recurrence

– Tumor differentiation

– Vascular invasion



US Multicenter HCC Transplant Consortium

• LRT       CPR = lower HCC recurrence
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Current Criteria for HCC MELD Points

• One lesion ≥2 cm and ≤5 cm

• Two or three lesions each ≥1 cm and ≤3 cm

• Alpha-fetoprotein (AFP) ≤1000 ng/mL

• Eligible candidates with AFP >1000 ng/mL

– Treat w/ LRT

– AFP must fall and remain below 500 ng/mL 



Summary

• Evolution from “math” to “biology”

– AFP

– Dynamic: down-staging

– Pre-transplant biopsy

• Pretransplant models allow for safe expansion of Milan

• Explant pathology ultimately determine HCC outcomes



Future

• Accessibility

– Organ availability

– Wait-list times

– Wait-list dropout

• Equity

– HCC versus non-HCC patients

• Utility

– Optimize patient selection

– HCC recurrence and survival



Conclusion

• Liver transplant for HCC provides opportunity for long-term 

recurrence-free survival

• Milan criteria? 

• Locoregional therapy as bridge and down-staging tool 

• Evolution from “size and number” to ”biology” 

selection criteria

• Expanding LT to HCC outside criteria needs to 

be balanced



Thank you!


