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Experimental Liver Transplantation



Initial Liver Transplant Attempts:
1963-1964
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First Liver Transplant

• March 1, 1963:  First 
attempted human 
liver transplant

• July 23, 1967:  First 
successful human 
liver transplant



• 1968 Ad Hoc Committee of Harvard Medical School 
Published Criteria for Brain Death

• 1968 Uniform Anatomical Gift Act
• 1978 Uniform Brain Death Act
• 1983 NIH Consensus Development Conference:

• “… Liver Transplantation is a therapeutic modality 
for end stage liver disease that deserves broader 
application.”

• 1984 National Organ Transplant Act:
• Sale of organs prohibited
• Development of UNOS



Recipient Technique:  Liver



Immunosuppression



Indications for Liver Transplant

1. Life-threatening and progressive irreversible liver  
disease

2. Acute hepatic failure
3. Hepatopulmonary or hepatorenal syndrome 
4. Worsening synthetic function
5. Ascites resistant to medical therapy
6. Hepatic encephalopathy 
7. Variceal hemorrhage
8. Progressive malnutrition
9. Increasing fatigue that interferes with daily activ ities
10. Recurrent cholangitis
11. Development of hepatocellular carcinoma



Indication for Liver Transplantation

Evaluation Process
Hepatologist
Transplant Surgeon
Cardiologist
Nurse Coordinator
Social Worker
Laboratory Studies
Imaging (CT or MRI)

Relative Contraindications
Portal vein thrombosis
Pulmonary hypertension
Cholangiocarcinoma
HIV

Absolute Contraindications
Uncontrolled systemic infection
Extra-hepatic malignancies
Ongoing drug or alcohol use
Inability to comply
with post-transplant therapy

List for Transplant

Medical Management



Etiology of Liver Disease
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Improvement in Allograft Survival
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Liver Waitlist



Timing of Transplant

MELD (Model of End Stage Liver Disease)

• Originally developed to evaluate mortality in 
patients undergoing elective TIPS procedures

• Subsequently validated as predictive of survival 
in patients with end stage liver disease

• 85% of time accurately predicts individuals 
survival

• Only objective data used in calculation

Organ Allocation 2002-present



MELD

100%>40

62-83%30-39

50-76%20-29

6-29%10-19

2-8%<10

3 Month MortalityMELD 

R= (0.957 x Log e(creatinine mg/dl)

+ 0.378 x Log e(total bilirubin mg/dl)

+ 1.120 x Log e(INR) + 0.643)) x 10
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Hepatocellular CarcinomaHepatocellular Carcinoma

Patients with Patients with unresectableunresectable tumortumor

•• Orthotopic Liver TransplantationOrthotopic Liver Transplantation
•• HCC was once considered a contraindication HCC was once considered a contraindication 

to OLTto OLT

•• Landmark study in NEJM published in 1996 Landmark study in NEJM published in 1996 
demonstrated postdemonstrated post --OLT survival similar to OLT survival similar to 
patients without HCC with < 10% recurrencepatients without HCC with < 10% recurrence

•• ““ Milan CriteriaMilan Criteria ””



Overall patient survivalOverall patient survival RecurrenceRecurrence --free survivalfree survival

85%85% 92%92%

50%50% 59%59%

N Engl J Med 1996; 334:693-699



Hepatocellular CarcinomaHepatocellular Carcinoma

Cirrhotic patients with an early tumorCirrhotic patients with an early tumor
•• OLT is the best option if Milan Criteria is OLT is the best option if Milan Criteria is 

metmet
•• MELD exception granted for Milan Criteria:MELD exception granted for Milan Criteria:

•• Based upon radiographic staging Based upon radiographic staging 
•• Solitary HCC < 5cm in diameterSolitary HCC < 5cm in diameter
•• 3 or fewer tumors, each smaller than 3 cm3 or fewer tumors, each smaller than 3 cm
•• No macroNo macro --vascular invasionvascular invasion
•• No lymphatic invasionNo lymphatic invasion
•• No extraNo extra --hepatic diseasehepatic disease



Hepatocellular CarcinomaHepatocellular Carcinoma

Orthotopic Liver TransplantationOrthotopic Liver Transplantation
•• Advantages:Advantages:

•• Only option for patients with poor liver functionOnly option for patients with poor liver function
•• Tumor and liver disease are removedTumor and liver disease are removed
•• Total Total hepatectomyhepatectomy removes source of possible removes source of possible 

recurrencerecurrence

•• Disadvantages:Disadvantages:
•• Complications of lifelong immunosuppressionComplications of lifelong immunosuppression
•• Waiting time on the listWaiting time on the list



Median Time to TransplantMedian Time to Transplant

SRTR 2008



Adjusted Patient SurvivalAdjusted Patient Survival

SRTR 2008



Survival after OLT for HCCSurvival after OLT for HCC

J Clin Oncol 2003; 21: 4329-4335
Liver Transpl 2002; 8: 736-748



Survival after OLT for HCCSurvival after OLT for HCC

Patient survivalPatient survival

RecurrenceRecurrence --free free 
survivalsurvival

Vascular Vascular 
invasion (invasion ( --))

Vascular Vascular 
invasion (+)invasion (+)

J Clin Oncol 2003; 21: 4329-4335
Liver Transpl 2002; 8: 736-748



Unfavorable CharacteristicsUnfavorable Characteristics

•• T4 tumorsT4 tumors

•• AFP level > 1,000 AFP level > 1,000 ng/mLng/mL

•• Total tumor diameter > 8 cm Total tumor diameter > 8 cm 

•• Vascular invasionVascular invasion

•• Poorly differentiated Poorly differentiated histologichistologic gradegrade

•• Older individuals Older individuals 



Local TherapyLocal Therapy

Bridge to TransplantBridge to Transplant
•• TransarterialTransarterial chemoembolizationchemoembolization

•• Is possible because the liver has a dual blood Is possible because the liver has a dual blood 
supplysupply

•• HCC is supplied virtually only by the hepatic HCC is supplied virtually only by the hepatic 
arteryartery

•• Ischemic necrosis of tumorIschemic necrosis of tumor

•• Hepatic arterial injection of Hepatic arterial injection of 
chemotherapeutics with fewer side effectschemotherapeutics with fewer side effects



Local Therapy:  TACELocal Therapy:  TACE

Cardiovasc Intervent Radiol 2005

Angiogram Angiogram 
demonstrating tumordemonstrating tumor

Selective catheterization Selective catheterization 
for TACEfor TACE



Local Therapy:  RFALocal Therapy:  RFA

Radiofrequency AblationRadiofrequency Ablation
•• Goal is induce thermal injury to the tumor Goal is induce thermal injury to the tumor 

through electromagnetic energy depositionthrough electromagnetic energy deposition

•• Initial experience limited by small volume of Initial experience limited by small volume of 
ablation requiring overlap ablationsablation requiring overlap ablations

•• Large amount of effort placed upon technologyLarge amount of effort placed upon technology

•• Requires sedation or general anesthesiaRequires sedation or general anesthesia

•• Ultrasound Ultrasound –– preferred mode of guidancepreferred mode of guidance



Local Therapy:  RFALocal Therapy:  RFA

Hyperdensities = tumors Hypodensities = post-RFA cavities

PrePre--RFARFA PostPost --RFARFA

Eur Radiol 2005; 15: 884



Local Therapy:  Post OLT SurvivalLocal Therapy:  Post OLT Survival

SRTR 2008



Liver Transplantation 2002: 9:765-774

UCSF CriteriaUCSF CriteriaMilan CriteriaMilan Criteria

77%78%



Hepatology 2008; 48:819-27

Overall SurvivalOverall Survival
Intent to TreatIntent to Treat

69%

32%

92%



DownstagingDownstaging

•• Theoretically Theoretically neoadjuvantneoadjuvant therapy serves as a therapy serves as a 
biological test, screening out patients with biological test, screening out patients with 
aggressive disease who have a high risk of aggressive disease who have a high risk of 
recurrencerecurrence

•• No randomized evidence that No randomized evidence that downstagingdownstaging prior prior 
to OLT confers a survival benefitto OLT confers a survival benefit

•• TACE alone has < 40% success rate in TACE alone has < 40% success rate in 
downstagingdownstaging prior to OLTprior to OLT

•• Combined TACE and ablation >60% success rate Combined TACE and ablation >60% success rate 



DownstagingDownstaging :  Advantages:  Advantages

•• Patients who respond usually have favorable Patients who respond usually have favorable 
tumor biology therefore selecting patients tumor biology therefore selecting patients 
with better chance for improved outcomes with better chance for improved outcomes 
postpost --OLTOLT

•• Select out patients who fail Select out patients who fail downstagingdownstaging
attempts:  poor tumor biologyattempts:  poor tumor biology

•• Potentially qualify for MELD exceptionPotentially qualify for MELD exception



DownstagingDownstaging :  Prospective :  Prospective 
StudiesStudies

94% 1yrTACE1718/76No limit 
to T2

Washington 
University

80% 1 yrTACE and 
Yttrium

2046/78T3 to T2Northwestern

92% 4yrTACE and 
RFA

3543/61UCSF to 
T2

UCSF

Patient 
Survival

Mode of 
Therapy

Patients 
Transplanted

Patients 
Downstaged

Criteria



•• Region 4 criteria:  (T2Region 4 criteria:  (T2 --T3)T3)
•• Single tumor < 6cmSingle tumor < 6cm

•• 22--3 tumors, with largest tumor <5cm and total 3 tumors, with largest tumor <5cm and total 
tumor size < 9cmtumor size < 9cm

•• Similar survival and recurrence rateSimilar survival and recurrence rate

•• Patients who exceed criteria may be Patients who exceed criteria may be 
considered for considered for ““ orphan allograftsorphan allografts ””

Expanding Criteria:  Region 4Expanding Criteria:  Region 4



Expanding Criteria:  Region 4Expanding Criteria:  Region 4

p=0.5911



Selection CriteriaSelection Criteria

<8cm<4.5cm3<6.5cmUCSF

<9cm<5cm3< 6cmRegion 4

NA<3cm3<5cmMilan 
(UNOS)

Total Tumor 
Size

Largest Tumor 
Size

Maximum 
Number

Single Tumor 
Maximum 
DiameterStagingStaging

Multiple Tumors



Patients Listed with HCC that Patients Listed with HCC that 
Exceeded Milan CriteriaExceeded Milan Criteria



ConclusionsConclusions

•• Liver transplantation represents the only Liver transplantation represents the only 
definitive mode of therapy for patients for definitive mode of therapy for patients for 
ESLDESLD

•• HCC is an acceptable indication for OLTHCC is an acceptable indication for OLT

•• Milan, UCSF and downMilan, UCSF and down --staging are all used staging are all used 
to identify potential OLT recipientsto identify potential OLT recipients



Liver Allocation

• Status IA
• Status IB
• Local MELD/PELD
• Regional MELD/PELD
• National IA/IB
• National MELD/PELD



US Survival:  Adult Liver
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Tumor Characteristics at the Tumor Characteristics at the 
Time of ListingTime of Listing

89%89%Met the Milan CriteriaMet the Milan Criteria

2%2%Portal vein thrombosisPortal vein thrombosis

2%2%T4T4

7%7%T3T3

85%85%T2T2

4%4%T1T1

TMN Staging:TMN Staging:

9%9%33

20%20%22

71%71%11

Number of tumors:Number of tumors:

2.5 (0.52.5 (0.5--15)15)Maximum Maximum diameter(cmdiameter(cm ))

UNOS Database



Rate of Removal Tumor Rate of Removal Tumor 
Progression/DeathProgression/Death

16.711

12.410

28.79

12.28

17.07

6.86

26.65

9.34

11.93

18.32

12.21

Waiting List Dropout 
Rate (%)UNOS Region


