
UCSF
UC San Francisco Previously Published Works

Title

Excellent Outcomes of Liver Transplantation Following Down-Staging of Hepatocellular 
Carcinoma to Within Milan Criteria: A Multicenter Study

Permalink

https://escholarship.org/uc/item/24f4c2q0

Journal

Clinical Gastroenterology and Hepatology, 16(6)

ISSN

1542-3565

Authors

Mehta, Neil
Guy, Jennifer
Frenette, Catherine T
et al.

Publication Date

2018-06-01

DOI

10.1016/j.cgh.2017.11.037
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/24f4c2q0
https://escholarship.org/uc/item/24f4c2q0#author
https://escholarship.org
http://www.cdlib.org/


Excellent Outcomes of Liver Transplantation Following Down 
Staging of Hepatocellular Carcinoma to Within Milan Criteria—a 
Multi-Center Study

Neil Mehta1, Jennifer Guy2, Catherine T. Frenette3, Jennifer L. Dodge4, Robert W. Osorio2, 
William B. Minteer3, John P. Roberts4, and Francis Y. Yao1,4

1Division of Gastroenterology, Department of Medicine, University of California, San Francisco

2Department of Transplantation, California Pacific Medical Center

3Center for Organ and Cell Transplantation, Scripps Green Hospital

4Division of Transplant Surgery, Department of Surgery, University of California, San Francisco

Abstract

Background & Aims—Single-center studies have reported excellent outcomes of patients who 

underwent liver transplantation for hepatocellular carcinoma (HCC) after successful down-staging 

(reduction of tumor burden with local-regional therapy), but multi-center studies are lacking. We 

performed a multi-center study, applying a uniform down-staging protocol, to assess outcomes of 

liver transplantation and performed an intention to treat analysis. We analyzed factors associated 

with treatment failure, defined as dropout from the liver transplant waitlist due to tumor 

progression, liver-related death without transplant, or recurrence of HCC after transplant.

Methods—We performed a retrospective multi-center study of 187 consecutive adults with HCC 

enrolled in the down-staging protocol at 3 liver transplant centers in California (Region 5), from 

2002 through 2012. All patients underwent abdominal imaging 1 month after each local-regional 

treatment, and at a minimum of once every 3 months. The primary outcome was probability of 

treatment failure.

Results—Liver transplantation was performed after successful down staging in 109 patients 

(58%). Tumor explant from only 1 patient had poorly differentiated grade and 7 (6.4%) had 

vascular invasion. Based on Kaplan-Meier analysis of data collected a median 4.3 years after liver 
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transplantation, 95% of patients would survive 1 year and 80% of patients would survive 5 years; 

probabilities of recurrence-free survival were 95% and 87%, respectively. There were no center-

specific differences in survival in the intention to treat analysis (P=.62), in survival after liver 

transplantation (P=.95), or in recurrence of HCC (P=.99). Patients were removed from the liver 

transplantation waitlist due to tumor progression in (n=59, 32%) or liver-related death without 

liver transplantation (n=9, 5%). Factors associated with treatment failure, based on multivariable 

analysis, were pretreatment levels of alpha-fetoprotein (AFP) >1000 ng/mL (hazard ratio, 3.3; P<.

001) and Child Pugh class B or C (hazard ratio, 1.6; P<.001). The probability of treatment failure 

at 2 years from the first down-staging procedure was 100% for patients with levels of AFP >1000 

and Child Pugh class B or C vs 29.4% for patients with neither risk factor (P<.001).

Conclusion—In a retrospective, multi-center study on HCC down staging under a uniform 

protocol, we found patients to have excellent outcomes following liver transplantation, with no 

center-specific effects. Our findings support application of the down-staging protocol on a broader 

scale. Patients with Child Pugh class B or C and AFP >1000 are unlikely to benefit from down 

staging.

Keywords

local regional therapy (LRT); LT; tumor recurrence; waitlist dropout

INTRODUCTION

Fueled by the hepatitis C and fatty liver disease epidemics, the incidence of hepatocellular 

carcinoma (HCC) is projected to increase for at least another decade in the United States1. 

With HCC becoming a leading indication for liver transplant (LT)2,3, there have been 

ongoing efforts of the transplant community to refine LT selection criteria to ensure good 

outcome while attempting to meet the growing demands. The Milan criteria (1 lesion ≤5 cm, 

2-3 lesions ≤3 cm)4 have been the benchmark for the selection of candidates with HCC for 

LT for 2 decades5. There have been a number of proposals to expand tumor size limits 

modestly beyond Milan criteria6, including the University of California, San Francisco 

(UCSF) criteria7 and the “up-to-seven” criteria8, both associated with an estimated 5-year 

post-transplant survival only slightly below that with the Milan criteria. One of the 

limitations of expansion of the limits in tumor size/number alone is that it does not account 

for the effects of local regional therapy (LRT), which has been widely used to control tumor 

growth as a bridge to LT, particularly if the waiting time is prolonged5.

Tumor down-staging, defined as a reduction in tumor burden using LRT to meet acceptable 

criteria for LT9, has been identified as one of the priorities for research in two national 

conferences on HCC10,11. Down-staging is an attractive alternative to simply expanding the 

tumor size limits since response to down-staging treatment may also serve as a prognostic 

marker and a tool to select a subgroup of patients with more favorable tumor biology who 

will likely do well after LT9. Although published results on tumor down-staging before LT 

are encouraging, they are based entirely on single center experience12-15. In this first 

multicenter study, we aimed to assess post-LT and intention to treat outcomes under a 

uniform down-staging protocol. We also aimed to assess factors associated with treatment 
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failure, which may help refine inclusion criteria for down-staging and improve overall 

outcome.

METHODS

Down-staging Protocol

The UNOS Region 5 down-staging protocol adopted from UCSF has previously been 

described in detail12 (Table 1). The present study included consecutive adult HCC patients 

enrolled in the down-staging protocol at three LT centers in Region 5 (UCSF, California 

Pacific Medical Center, and Scripps Green Hospital) from 2002-2012. A minimum follow-

up of 6 months after the first down-staging treatment was required for inclusion. The 

diagnosis of HCC for a lesion ≥ 1cm was based on either quadruple-phase computed 

tomography (CT) or magnetic resonance imaging (MRI) with gadolinium contrast showing 

arterial phase enhancement and washout during the delayed images, or if a lesion showed 

interval growth. Hepatic nodules <1 cm were not counted as HCC.

The specific type of LRT used was at the discretion of each of the three center’s 

multidisciplinary tumor board based on a review of imaging studies and not pre-specified in 

the down-staging protocol. All patients included in the down-staging protocol underwent CT 

or MRI of the abdomen at 1 month after each LRT, and at a minimum of once every 3 

months. Imaging criteria for successful down-staging included a decrease size of the 

tumor(s) to within Milan criteria, or complete tumor necrosis with no contrast enhancement. 

Response to treatment was based on radiographic measurements of the maximal diameter of 

viable tumors, not including the area of necrosis resulting from LRT9. Each center applied 

LRT with repetitive interventions if needed to achieve complete necrosis of all tumor 

nodules if possible. A minimum observation period of 3 months after down-staging was 

required to be certain that the tumor stage remained within Milan criteria before LT.

Following successful down-staging of HCC, patients at each center were eligible for priority 

listing under the Model of End Stage Liver Disease (MELD) exception system. This down-

staging protocol has been incorporated into UNOS Region 5 policy, whereby patients are 

eligible for MELD exception after successful down-staging without the need for individual 

petition for approval.

Histopathologic Analysis

In patients who underwent LT after successful down-staging, explant histopathologic 

features evaluated included tumor size, number of tumor nodules, histologic grade of 

differentiation based on the Edmondson and Steiner criteria16, and the presence of micro- or 

macro-vascular invasion. Pathologic tumor staging of viable tumors was based on the UNOS 

TNM staging system9.

Outcomes

The primary outcome was probability of treatment failure. Treatment failure was defined as 

dropout from the down-staging protocol due to tumor progression, liver-related death 

without LT, or post-LT HCC recurrence. The principle of down-staging is to select a 
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subgroup of patients who are likely to demonstrate response to tumor down-staging and also 

do well after liver transplant with a low risk of tumor recurrence. Defining treatment failure 

in this way allows for the identification of patients who would benefit the most from down-

staging. Secondary outcomes included probability of successful down-staging, intention-to-

treat survival, and post-LT HCC recurrence and survival. Follow-up time was censored at the 

first of post-LT death, last follow-up, or 5 years after LT. For patients developing a non-liver 

disease medical contraindication to LT, were no longer interested in undergoing LT, or were 

noncompliant with each center’s transplant policies, follow-up was censored at the time of 

delisting or removal from the protocol.

Statistical Analysis

The chi-squared and Mann-Whitney U tests were used to assess differences between 

subgroups. Kaplan-Meier methods were used to estimate survival functions, cumulative 

probabilities, and 95% confidence intervals (95% CI). Subgroup and center comparisons 

were evaluated using the log-rank test. To determine characteristics associated with 

treatment failure, univariate logistic regression evaluated the likelihood of never achieving 

down-staging and estimated odds ratios (OR) and 95% CIs. The association of explanatory 

variables was explored using univariate and multivariable hazard ratios (HR) and 95% CIs 

estimated by competing risks for post-LT HCC recurrence and Cox proportional hazards 

regression for treatment failure. To categorize continuous variables, multiple cutoffs were 

tested and evaluated using Akaike information criteria (AIC) with lower AIC values 

indicating better model fit. Explanatory variables with a univariate p-value <0.1 were 

included in the multivariable analysis with the final model selected by backward elimination 

(p for removal >0.05).

RESULTS

Baseline characteristics and LRT

The baseline characteristics and details of LRT are presented in Table 2. The majority of the 

cohort (69.5%) was from Center 1. At the time of first down-staging procedure, median 

MELD was 10, 57.5% were Child’s class A (CTP 5-6), 31.8% were Child’s B (CTP 7-9), 

and 10.6% were Child’s C (CTP 10-15). There were 38.0% with a single lesion, 51.3% with 

2-3 lesions, and 10.7% with 4-5 lesions. Median baseline alpha-fetoprotein (AFP) was 24 

(IQR 8-154) and 10.2% had an AFP ≥1000 ng/ml. There was a similar distribution of LRT 

received with 25.7% undergoing a single procedure and 26.2% requiring ≥4 LRTs. Trans-

arterial chemoembolization (TACE) was the mainstay of LRT with 50.3% receiving TACE 

alone and 43.3% receiving a combination of TACE and radiofrequency ablation (RFA). 

There were no significant differences among the 3 centers in baseline characteristics or type 

and number of LRT received.

Intention-to-treat Outcome

The intention-to-treat outcome is summarized in Figure 1 and stratified by study center in 

Table 3. Overall, 31 patients (16.6%) were never down-staged to within Milan criteria and 

dropped out after a median of 4.2 months from first LRT (IQR 1.3-7.2). Among them, 13 

(41.9%) received only 1 LRT before tumor progression. In logistic regression analysis, the 
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only factor predicting inability to ever achieve tumor down-staging was pre-treatment AFP 

≥100 (OR 2.7, p=0.02) and AFP ≥1000 (OR 3.8, p=0.01). The probability of not being able 

to be down-staged was 33.0% in those with an AFP ≥1000 compared to 15.2% for AFP 

100-999 and 9.3% for AFP <100 (p=0.03). Number and size of tumors, MELD score, 

Child’s class, and number of LRT were not significant predictors of inability to be down-

staged.

Successful down-staging to within Milan criteria was achieved in 156 patients (83.4%) after 

a median of 2.7 months (IQR 1.4-4.9). Among them, 67.9% were down-staged after a single 

LRT while 32.1% required multiple treatments. The cumulative probability of successful 

down-staging from first LRT was 35.5% at 2 months, 74.5% at 6 months, and 86.4 at 12 

months.

Of the 156 patients initially down-staged, 28 (17.9%) experienced waitlist dropout due to 

subsequent tumor progression and 9 (5.8%) had liver-related death without LT. The median 

time from listing with MELD exception to dropout in these 37 patients was 6.2 months (IQR 

3.2-10.8). Successful down-staging to Milan criteria was maintained for >3 months in 75.7% 

and >6 months in 56.7%, before tumor progression and removal from the waiting list.

At last follow-up, 109 patients (58.3% of the entire cohort) had received LT and 10 patients 

were still active on the waiting list. The median time from MELD-exception listing after 

successful down-staging to LT was 12.6 months (IQR 5.8-18.6). Of the 109 LT recipients, 3 

(2.8%) received live donor LT (all at center 1) at 3 to 4.8 months after achieving successful 

down-staging. The Kaplan-Meier intention-to-treat survival at 1 and 5 years from first down-

staging procedure was 84.3% and 55.4%. Intention-to-treat survival at 1 year from first 

down-staging procedure was 37.6% in those never able to be down-staged, 72.9% in those 

who dropped out after initial successful down-staging, and 100% in those who underwent 

LT (p<0.001). There were no center-specific differences in intention-to-treat survival (Figure 

2a).

Explant Histopathologic Characteristics

Complete tumor necrosis from LRT (no residual tumors in explant) was observed in 34.9%. 

Tumor stage was within Milan criteria (T1/T2) in 45.9%, and beyond Milan criteria (T3/T4) 

in 19.3% due to under-staging by imaging. The latter group included one patient with 

macro-vascular invasion (T4b) and one with lymph node invasion (N1). Only 6.4% had 

micro-vascular invasion. Among 71 patients with viable tumors, almost all had either well-

differentiated (35.2%) or moderately-differentiated tumors (63.4%), and only a single patient 

(1.4%) had poorly-differentiated tumor grade. There were no center-specific differences in 

explant histologic characteristics.

Post-transplant Survival and HCC Recurrence

Median post-LT follow-up was 4.3 years (IQR 2.4-6.6). The Kaplan-Meier post-LT survival 

at 1 and 5 years was 94.5% and 79.7%. There were no center-specific differences in post-LT 

survival (Figure 2b). HCC recurrence developed in 11 patients (10.1%) at a median of 19.1 

months (IQR 7.3-31.7) from LT. The Kaplan-Meier recurrence-free probability at 1 and 5 

years after LT was 95.4% and 87.3%. The recurrence-free probability at 5 years after LT 
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were not significantly different between centers (87% in center 1 and 88.9% in centers 2 and 

3 combined; p=0.99). Predictors of post-LT HCC recurrence on competing risks 

multivariable analysis included AFP >500 ng/ml (HR 8.41, 95% CI 2.02-35.64, p=0.003) 

and vascular invasion on explant (HR 7.37, 95% CI 1.48-37.34, p=0.02). Wait time from 

first down-staging treatment to LT, number or type of LRT, center, and explant grade and 

stage were not significant predictors of HCC recurrence.

Treatment Failure

A total of 79 patients (42.2%) were classified as treatment failures (Figure 1). Kaplan-Meier 

probability of treatment failure at 1 and 5 years from first down-staging treatment was 

25.3% and 44.3%. There were no center-specific differences in probability of treatment 

failure (p=0.53). In univariate analysis, significant predictors of treatment failure included 

pre-treatment AFP ≥20 ng/ml, with increasing hazard ratios for increasing baseline AFP 

values. There was a non-significant trend towards increased treatment failure for patients 

with Child’s B/C cirrhosis as well as increasing MELD score. In multivariable analysis, pre-

treatment AFP ≥1000 ng/ml (HR 3.25, p<0.001) and Child’s B/C cirrhosis (HR 1.61, 

p<0.001) remained statistically significant predictors of treatment failure (Table 4).

Patients with Child’s B/C cirrhosis (n=76) had Kaplan-Meier 1- and 5-year probability of 

treatment failure of 33.1% and 50.8% compared with 18.5% and 38.9% for patients with 

Child’s A cirrhosis (n=103) (p=0.06). To determine the reason behind the association 

between Child’s B/C cirrhosis and treatment failure, we evaluated tumor and treatment 

related variables based on Child’s class. We found no significant interactions between 

Child’s class and AFP, number of lesions, number of LRTs received, or median time to 

dropout from first down-staging procedure. None of the 31 Child’s A patients who dropped 

out had hepatic decompensation after LRT compared to 19.2% (5/26) of Child’s B patients 

and 36.4% (4/11) of Child’s C patients (p=0.005).

Of the 19 patients with a pre-treatment AFP ≥1000 ng/ml, 6 were never able to be down-

staged, 7 dropped out due to tumor progression after initial down-staging, and 1 had 

successful down-staging but was ultimately not considered for LT due to psychosocial 

contraindications. Only 5 patients with a pre-treatment AFP ≥1000 underwent LT and 2 of 

these experienced post-LT HCC recurrence. These 2 patients had an AFP at LT of 32 and 

473 compared with an AFP <4 ng/ml in the 3 patients without HCC recurrence. Kaplan-

Meier 1- and 5-year probabilities of treatment failure were 63.9% and 75.9% for patients 

with a baseline AFP ≥1000 compared with 20.2% and 39.8% among patients with a pre-

treatment AFP <1000 (p<0.001).

Patients with both AFP ≥1000 ng/ml and Child’s B/C cirrhosis had a 70.4% risk of 

treatment failure at 1 year from first down-staging procedure as compared to 31.7% with 1 

risk factor and 14.4% without either risk factor (p=0.001). Patients with both risk factors had 

a 100% treatment failure rate within 2 years. In contrast, the probability of treatment failure 

at 5 years was 46.2% in patients with 1 of the 2 risk factors and 36.5% for those with neither 

risk factor (p=0.001) (Figure 3).
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DISCUSSION

In recent years, we have witnessed a paradigm shift in the selection of HCC patients for 

LT17-19. Rather than relying solely on tumor size and number, there has been a greater 

emphasis on incorporating markers of tumor biology, including AFP20-21 and response to 

LRT22-23 in the selection scheme. In this context, high AFP and tumor progression despite 

LRT identify more aggressive tumors with a substantially greater risk for HCC recurrence 

after LT. A period of observation is required for evaluating tumor response to LRT and 

changes in AFP prior to LT. This concept has been filtered into the “ablate and wait” strategy 

for candidate selection17. Tumor down-staging is a process that combines expanded criteria 

with response to LRT9. It has been consistently shown that a subset of patients with initial 

tumor burden exceeding Milan criteria could achieve post-LT outcomes similar to that with 

Milan criteria. Identifying those who will likely do well after LT based on response to LRT 

with reduction in tumor burden to within Milan criteria underlies the fundamental principle 

behind using down-staging as an additional selection tool for LT9. Additionally, given that 

demand for organs far exceeds supply and the importance of maximizing transplant survival 

benefit, patients who are successfully down-staged with LRT may be more appropriate LT 

candidates than those with a single 2-3 cm well treated tumor and a low-risk for waitlist 

dropout24.

One of the criticisms of the down-staging evidence is that it is based entirely on single-

center studies9,15, and may not be reproducible on a broader scale. In this first multi-center 

study on tumor down-staging using a uniform protocol from Region 5, we observed 

excellent overall 5-year post-LT survival of 80% and recurrence-free probability of 87%, as 

well as a very low likelihood of unfavorable histologic features in the explant. Only 7% had 

micro- or macro-vascular invasion, and only one patient had poorly differentiated tumor 

grade. These findings underscore the effectiveness of down-staging in selecting tumors with 

favorable biology and a good prognosis for LT. Importantly, we did not observe significant 

center effects in the intention-to-treat survival, post-LT survival, or HCC recurrence.

One of the objectives of this multi-center study was to assemble a large enough cohort to 

assess factors associated with treatment failure, which might help refine inclusion criteria for 

down-staging. The two factors predicting treatment failure were pre-treatment AFP ≥1000 

ng/mL and Child’s class B/C cirrhosis. Of the 19 patients with a baseline AFP ≥1000 ng/ml, 

only 3 (16%) underwent LT after successful down-staging and did not experience post-LT 

HCC recurrence. This adds to the mounting evidence of high AFP as a poor prognostic 

marker for LT, both in terms of waitlist outcome24 as well as post-LT survival and HCC 

recurrence20-21. With respect to the influence of Child’s class on waitlist dropout, patients 

with Child’s B/C cirrhosis likely have fewer LRT options and receive less aggressive 

treatments given the concerns of hepatic decompensation following LRT when compared to 

those with Child’s A cirrhosis. Additionally, Child’s B/C patients are more likely to have 

liver-related death without LT regardless of whether they receive LRT.

Given that treatment failure was observed in all Child’s B/C patients with pretreatment AFP 

≥1000 ng/mL, these patients should be excluded from down-staging and not be subjected to 

the risks attendant upon LRT, particularly hepatic decompensation or even death. For 
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patients with Child’s A cirrhosis and a high baseline AFP ≥1000 ng/ml, we propose 

following the previous recommendation of a reduction in the AFP level to <500 ng/ml after 

LRT to be eligible for LT9,10. This is also in accordance with a recently approved UNOS 

national policy for HCC MELD-exception listing25. We have further demonstrated that AFP 

>500 ng/ml predicted HCC recurrence after LT.

A recent systematic review and pooled analysis by Parikh15 showed an aggregate down-

staging success rate of 54% after excluding patients with tumor thrombus, but there are 

major differences in the definition of success rate in these studies. In the present series, 58% 

of the patients received LT, but 83% of the entire cohort was initially successfully down-

staged to within Milan criteria. This high initial success rate of down-staging is likely related 

to the upper limits in tumor size and number for inclusion. Only one other study on down-

staging defined the upper limits in tumor burden. Ravaioli13 used more liberal inclusion 

criteria for down-staging and showed a successful down-staging rate of 69%, but the 3-year 

recurrence-free survival after LT was only 71%. Rassiwala26 demonstrated a very low 

probability of LT of 12% when applying an “all-comers” down-staging protocol to patients 

with initial tumor burden exceeding Region 5 down-staging inclusion criteria. All these 

findings suggest that there are upper limits in tumor size and number beyond which down-

staging is not likely to be successful.

The Region 5 down-staging protocol mandates a minimum observation period of 3 months 

to ensure disease stability following successful down-staging to within Milan criteria before 

proceeding with LT, but the median wait time from successful down-staging to LT in our 

cohort was much longer at 13 months. In this study, failure to receive LT was equally likely 

as a result of inability to ever achieve down-staging to Milan criteria (17%) or tumor 

progression after initial successful down-staging (20%). The majority of the latter group 

could have been transplanted in centers with shorter waitlist times. The recent UNOS policy 

of a mandatory 6-month wait time before granting MELD exception means that a patient 

with tumors successfully down-staged would have sufficient time for observing durable 

response to down-staging before LT even in regions with shorter wait times. It is important 

to emphasize that listing decision should be consistent (list for LT after successful down-

staging) and not depend on regional waitlist times. Since this study came from a region with 

one of the longest waitlist times and highest median MELD scores at LT, the results may not 

be generalizable across regions. Further studies of down-staging in regions with varying 

waitlist times are still needed.

The type of LRT was not standardized, but determined at each center’s multidisciplinary 

tumor board. This is a potential limitation of this study. The majority received TACE either 

alone (50%) or in combination with RFA (43%), and there were no significant differences 

between centers in the LRT modalities. In the pooled analysis by Parikh15, there were no 

differences in down-staging success rate or post-LT tumor recurrence when comparing 

radioembolization to TACE. Another limitation of the present study is that nearly 70% were 

from a single center. While we observed no center-specific differences, the relatively small 

number of patients in centers 2 and 3 make comparisons between centers difficult to 

interpret and limit the generalizability of our findings.
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This first multi-center study on down-staging under a uniform protocol demonstrated an 

excellent 5-year post-LT survival of 80% with a low rate of HCC recurrence. These results 

support expanding priority access to LT for patients with HCC that have been successfully 

down-staged. In the meantime, UNOS has recently approved the Region 5 down-staging 

protocol for receiving automatic HCC-MELD exception listing25. Slight refinements in the 

inclusion criteria for down-staging appear warranted based on the observation that all 

Child’s B/C patients with pre-treatment AFP ≥1000 ng/ml suffered poor outcomes when 

down-staging was attempted.
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UCSF University of California, San Francisco

UNOS United Network for Organ Sharing

References

1El-Serag HB. Hepatocellular carcinoma. N Engl J Med. 2011; 365:1118–27. [PubMed: 21992124] 

Mehta et al. Page 9

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2Kim WR, Smith JM, Skeans MA, et al. OPTN/SRTR 2012 Annual Data Report: liver. Am J Transpl. 
2014; S1:69–96.

3Halazun KJ, Patzer RE, Rana AA, et al. Standing the test of time: outcomes of a decade of 
prioritizing patients with hepatocellular carcinoma. Hepatology. 2014; 60:1957–62. [PubMed: 
24954365] 

4Mazzaferro V, Regalia E, Doci R, et al. Liver transplantation for the treatment of small hepatocellular 
carcinomas in patients with cirrhosis. N Engl J Med. 1996; 334:693–9. [PubMed: 8594428] 

5Clavien PA, Lesurtel M, Bossuyt PM, et al. Recommendations for liver transplantation for 
hepatocellular carcinoma: an international consensus conference report. Lancet Oncol. 2012; 
13:e11–22. [PubMed: 22047762] 

6Prasad KR, Young RS, Burra P, et al. Summary of candidate selection and expanded criteria for liver 
transplantation for hepatocellular carcinoma: a review and consensus statement. Liver transpl. 2011; 
S2:S81–9.

7Yao FY, Ferrell L, Bass NM, et al. Liver transplantation for hepatocellular carcinoma: expansion of 
the tumor size limits does not adversely impact survival. Hepatology. 2001; 33:1394–403. [PubMed: 
11391528] 

8Mazzaferro V, Llovet JM, Miceli R, et al. Predicting survival after liver transplantation in patients 
with hepatocellular carcinoma beyond the Milan criteria: a retrospective, exploratory analysis. 
Lancet Oncol. 2009; 10:35–43. [PubMed: 19058754] 

9Yao FY, Fidelman N. Reassessing the boundaries of liver transplantation for hepatocellular 
carcinoma: Where do we stand with tumor down-staging? Hepatology. 2016; 63:1014–25. 
[PubMed: 26560491] 

10Pomfret EA, Washburn K, Wald C, et al. Report of a national conference on liver allocation in 
patients with hepatocellular carcinoma in the United States. Liver transpl. 2010; 16:262–78. 
[PubMed: 20209641] 

11Thomas MB, Jaffe D, Choti MM, et al. Hepatocellular carcinoma: consensus recommendations of 
the National Cancer Institute Clinical Trials Planning Meeting. J Clin Oncol. 2010; 28:3994–4005. 
[PubMed: 20679622] 

12Yao FY, Mehta N, Flemming J, et al. Downstaging of hepatocellular cancer before liver transplant: 
Long-term outcome compared to tumors within Milan criteria. Hepatology. 2015; 61:1968–77. 
[PubMed: 25689978] 

13Ravaioli M, Grazi GL, Piscaglia F, et al. Liver transplantation for hepatocellular carcinoma: results 
of down-staging in patients initially outside the Milan selection criteria. Am J Transpl. 2008; 
8:2547–57.

14Jang JW, You CR, Kim CW, et al. Benefit of downsizing hepatocellular carcinoma in a liver 
transplant population. Aliment Pharmacol Ther. 2009; 31:415–23. [PubMed: 19821808] 

15Parikh ND, Waljee AK, Singal AG. Downstaging hepatocellular carcinoma: A systematic review 
and pooled analysis. Liver Transpl. 2015; 21:1142–52. [PubMed: 25981135] 

16Edmondson H, Steiner P. Primary carcinoma of the liver: a study of 100 cases among 48,900 
necropsies. Cancer. 1954; 1:462–503.

17Roberts JP, Venook A, Kerlan R, et al. Hepatocellular carcinoma: Ablate and wait versus rapid 
transplantation. Liver Transpl. 2010; 16:925–9. [PubMed: 20658555] 

18Mehta N, Yao FY. Moving past “one size (and number) fits all” in the selection of candidates with 
hepatocellular carcinoma for liver transplant. Liver Transpl. 2013; 19:1055–8. [PubMed: 
23959652] 

19Mazzaferro V. Squaring the circle of selection and allocation in liver transplantation for HCC: An 
adaptive approach. Hepatology. 2016; 63:1707–17. [PubMed: 26703761] 

20Duvoux C, Roudot-Thoraval F, Decaens T, et al. Liver transplantation for hepatocellular carcinoma: 
a model including alpha-fetoprotein improves the performance of Milan criteria. Gastroenterology. 
2012; 143:986–94. [PubMed: 22750200] 

21Hameed B, Mehta N, Sapisochin G, et al. Alpha-fetoprotein level > 1000 ng/mL as an exclusion 
criterion for liver transplantation in patients with hepatocellular carcinoma meeting the Milan 
criteria. Liver Transpl. 2014; 20:945–51. [PubMed: 24797281] 

Mehta et al. Page 10

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



22Otto G, Herber S, Heise M, et al. Response to transarterial chemoembolization as a biological 
selection criterion for liver transplantation in hepatocellular carcinoma. Liver Transpl. 2006; 
12:1260–7. [PubMed: 16826556] 

23Lai Q, Avolio AW, Graziadei I, et al. Alpha-fetoprotein and modified response evaluation criteria in 
solid tumor progression after locoregional therapy as predictors of hepatocellular cancer 
recurrence and death after transplantation. Liver Transpl. 2013; 19:1108–18. [PubMed: 23873764] 

24Mehta N, Dodge JL, Goel A, et al. Identification of liver transplant candidates with hepatocellular 
carcinoma and a very low dropout risk: implications for the current organ allocation policy. Liver 
Transpl. 2013; 19:1343–53. [PubMed: 24285611] 

25OPTN/UNOS policy accessed 6/1/17 at https://optn.transplant.hrsa.gov/

26Rassiwala J, Mehta N, Dodge JL, et al. Are there upper limits in tumor burden for successful down-
staging of hepatocellular carcinoma to liver transplant? Hepatology. 2016; 64(Suppl):75A. 
[Abstract]. 

Mehta et al. Page 11

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://optn.transplant.hrsa.gov/


Figure 1. 
Summary of the intention-to-treat outcome of the 187 patients enrolled in the down-staging 

protocol.
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Figure 2. 
Kaplan-Meier probabilities of (a) intention-to-treat survival by center and (b) post-transplant 

survival by center.
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Figure 3. 
Probability of treatment failure from first down-staging procedure based on number of risk 

factors.
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Table 1

Region 5 Down-staging Protocol

Inclusion Criteria

1 HCC exceeding UNOS T2 criteria but meeting one of the following criteria:

a. Single lesion ≤ 8 cm

b. 2 or 3 lesions each ≤ 5cm with the sum of the maximal tumor diameters ≤ 8 cm.

c. 4 or 5 lesions each ≤ 3cm with the sum of the maximal tumor diameters ≤ 8 cm.

2 Absence of extra-hepatic disease and vascular invasion based on cross-sectional imaging with multi-phase CT or MRI of the 
abdomen

Criteria for successful down-staging

1 Residual tumor size and diameter within Milan criteria (1 lesion ≤ 5 cm, 2–3 lesions ≤ 3 cm)

a. Only viable tumor(s) are considered; tumor diameter measurements should not include the area of necrosis from 
tumor-directed therapy.

b. If there is more than one area of residual tumor enhancement, the diameter of the entire lesion should be counted 
towards the overall tumor burden

c. In patients with 4 or 5 tumors, successful down-staging requires obliteration (complete necrosis) of at least 1–2 
tumor(s) so that there will be no more than 3 lesions with viable tumor each ≤ 3 cm to meet Milan criteria.

Criteria for down-staging failure and exclusion from liver transplant

1 Progression of tumor(s) despite local-regional therapy to beyond inclusion criteria for down-staging based on tumor size and 
number.

2 Invasion of a major hepatic vessel based on cross-sectional imaging or Doppler ultrasonography of the abdomen.

3 Lymph node involvement by tumor or extra-hepatic spread of tumor.

4 Infiltrative tumor growth pattern

Additional Guidelines

1 A minimal observation period of 3 months between successful down-staging and liver transplant is required. Additional local-
regional therapy can be applied during this observation period as needed.

2 A patient with acute hepatic decompensation after down-staging treatment is not eligible for liver transplant unless criteria for 
successful down-staging and minimal observation period are met.
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Table 4

Univariate and Multivariable Analyses of Predictors of Treatment Failure

Predictor Hazard ratio (95% CI) P-value

Univariate Analysis

Age (per year) 1.02 (0.98–1.05) 0.32

Etiology of Liver Disease

Hepatitis B (vs Hepatitis C) 0.82 (0.46–1.45) 0.49

Non-viral (vs Hepatitis C) 1.18 (0.68–2.05) 0.56

Child’s Class

Child’s B cirrhosis (vs Child’s A) 1.61 (0.99–2.61) 0.05

Child’s C cirrhosis (vs Child’s A) 1.35 (0.63–2.90) 0.44

Child’s B/C cirrhosis (vs Child’s A) 1.54 (0.98–2.43) 0.06

MELD Score (per point) 1.05 (1.00–1.12) 0.08

AFP (ng/ml)

≥20 (vs. <20) 1.71 (1.06–2.74) 0.03

≥100 (vs. <100) 1.90 (1.19–3.04) 0.007

≥500 (vs. <500) 2.56 (1.50–4.37) 0.001

≥1000 (vs. <1000) 3.47 (1.93–6.24) <0.001

Number of HCC Lesions

2–3 (vs 1) 0.93 (0.58–1.49) 0.76

4–5 (vs 1) 0.98 (0.46–2.06) 0.95

Type of LRT Performed

TACE only (vs RFA) 1.44 (0.52–4.01) 0.48

Combination TACE+RFA (vs RFA) 0.94 (0.33–2.68) 0.91

Multivariable Analysis*

AFP >1000 ng/ml 3.25 (2.95–3.58) <0.001

Child’s B/C cirrhosis (vs Child’s A) 1.61 (1.36–1.90) <0.001

*
In the multivariate model, we calculated robust sandwich estimates of standard error to account for center-level clustering
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