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Abstract

We previously reported encouraging results of down-staging of hepatocellular carcinoma (HCC)

to meet conventional T2 criteria (one lesion 2–5 cm or two to three lesions <3 cm) for orthotopic

liver transplantation (OLT) in 30 patients as a test of concept. In this ongoing prospective study,

we analyzed longer-term outcome data on HCC down-staging in a larger cohort of 61 patients

with tumor stage exceedingT2criteriawhowere enrolled between June 2002 and January 2007.

Eligibility criteria for down-staging included: (1) one lesion >5 cm and up to 8 cm; (2) two to

three lesions with at least one lesion >3 cm and not exceeding 5 cm, with total tumor diameter up

to 8 cm; or (3) four to five lesions with none >3 cm, with total tumor diameter up to 8 cm. A

minimum observation period of 3 months after down-staging was required before OLT. Tumor

down-staging was successful in 43 patients (70.5%). Thirty-five patients (57.4%) had received

OLT, including two who had undergone live-donor liver transplantation. Treatment failure was

observed in 18 patients (29.5%), primarily due to tumor progression. In the explant of 35 patients

who underwent OLT, 13 had complete tumor necrosis, 17 met T2 criteria, and five exceeded T2

criteria. The Kaplan-Meier intention-to-treat survival at 1 and 4 years after down-staging were

87.5% and 69.3%, respectively. The 1-year and 4-year posttransplantation survival rates were

96.2% and 92.1%, respectively. No patient had HCC recurrence after a median posttransplantation

follow-up of 25 months. The only factor predicting treatment failure was pretreatment alpha-

fetoprotein > 1,000 ng/mL.

Conclusion—Successful down-staging of HCC can be achieved in the majority of carefully

selected patients and is associated with excellent posttransplantation outcome.
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The therapeutic approach for hepatocellular carcinoma (HCC) has changed significantly in

the past decade. Through the 1980s and early 1990s, surgical resection remained the

treatment of choice for HCC, while orthotopic liver transplantation (OLT) was reserved

mainly for patients with extensive tumor burden not amendable to surgical resection. This

approach had resulted in poor posttransplantation outcome, due largely to tumor

recurrence.1,2 Consequently, HCC was considered a contraindication to OLT in many

transplantation centers in the early 1990s. Subsequently, the observation that small

incidental HCC discovered in the liver explant had no adverse impact on posttransplantation

outcome shaped the development of restrictive HCC criteria to limit the risk of tumor

recurrence.3,4 The Milan criteria (one lesion ≤5 cm or two to three lesions ≤3 cm), based on

the seminal publication by Mazzaferro et al. in 1996,4 have remained the paradigm for the

selection of the best candidates for OLT in the past 10 years.

A critical factor determining the success of OLT for HCC is the length of wait-list time for a

suitable donor. Llovet and colleagues5 were the first to use an intention-to-treat principle in

analyzing the outcome of patients with HCC listed for OLT.5 Exclusion from OLT as a

result of tumor progression to beyond acceptable criteria (dropout) and wait-list mortality

are important endpoints in this intention-to-treat analysis. Subsequent studies from our

institution and the Mayo Clinic underscored the magnitude of the problem of dropout in the

United States in the absence of a prioritization scheme for HCC.6,7 In 2002, the inception of

the model for end-stage liver disease (MELD) system for organ allocation adjusted for HCC

has resulted in significantly reduced wait-list time and improved intention-to-treat

outcome.8,9 Following the latest modification of the HCC-adjusted MELD organ allocation

scheme, only patients with HCC meeting United Network for Organ Sharing T2 criteria (one

lesion 2–5 cm or two to three lesions <3 cm) are eligible for priority listing for OLT.

The growing success of OLT for HCC in recent years has also fueled debates about whether

the Milan criteria are too restrictive. Results from an earlier study on expanded criteria from

our institution have been criticized for the small number of patients with HCC exceeding

Milan criteria and that the expanded criteria were retrospectively based on explant tumor

pathology.10 However, data continue to emerge suggesting that acceptable post-

transplantation survival can be achieved after modest expansion of tumor size limits for

OLT based on preoperative imaging in larger cohorts of patients.11,12 Down-staging of HCC

to within Milan criteria is an attractive alternative to simply expanding the tumor size limits

in lieu of pretransplantation loco-regional therapy. Theoretically, the down-staging process

allows selection of tumors with more favorable biology that will likely respond to down-

staging treatments and will also do well following OLT.13 However, concerns have been

raised that expanding the indications for OLT would only inflate the waiting list with

patients who are at increased risk for eventual dropout, thus compromising the intention-to-

treat outcome.14 Some also believe that even if an 8-cm tumor could be successfully

downsized to <5 cm (meeting Milan criteria), the risk of tumor recurrence after OLT may

still be the same as that of an 8-cm HCC lesion.

Reduced waiting list time for patients with HCC as a result of the HCC-adjusted MELD

system for organ allocation and the experience accumulated with loco-regional therapy—

including transarterial chemoembolization (TACE) and various ablation techniques—
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enabled us to embark on a prospective study on tumor down-staging for OLT in 2002. We

previously reported encouraging results involving the first 30 patients enrolled in our down-

staging protocol as a test of concept.15 In the present study, we report longer follow-up data

in a larger cohort. The primary study endpoints are intention-to-treat survival, dropout, and

posttransplantation tumor recurrence after down-staging. We also examine factors that may

influence response to down-staging treatments.

Patients and Methods

Down-Staging Protocol

The down-staging protocol has been described in detail.15 The criteria for inclusion based on

HCC size and number are summarized in Table 1. The diagnosis of HCC for a lesion ≥2 cm

was based on either quadruple-phase computed tomography (CT) or magnetic resonance

imaging (MRI) with gadolinium contrast showing arterial enhancement and washout during

the delayed images, or if a lesion showed interval growth by ≥2mmwith the same imaging

technique. The same criteria also applied to lesions measuring 1 to 2 cm. Percutaneous

biopsy for diagnosis of HCC was not routinely performed at our institution. Hepatic nodules

<1 cm were not counted as HCC.

After initiation of down-staging treatments, all patients underwent CT or MRI of the

abdomen about 1 month after each loco-regional treatment and at a minimum of once every

3 months during the treatment phase and after they were placed on the waiting list for OLT.

The maximal diameter of residual tumors that enhanced on CT or MRI were used in tumor

staging. If the original tumor showed partial necrosis with multiple areas of enhancement

within the nodule, then the entire diameter, including both enhancing and nonenhancing

nodule, was counted in the measurement. Chest CT was performed at baseline and every

3months to exclude metastatic disease. Bone scan was not required unless bone metastasis

was suspected. The criteria for successful down-staging included a decrease in the size of a

single or multiple lesions to within T2 criteria, or complete tumor necrosis without contrast

enhancement based on either CT or MRI of the abdomen, equivalent to obliteration to the

tumor (Table 1). For example, in a patient with four lesions, successful down-staging

required complete tumor necrosis (equivalent to tumor obliteration) of at least one of these

lesions so that there would be no more than three lesions with viable tumor, all within 3 cm

in diameter to meet T2 criteria. Treatment was intended to achieve complete tumor necrosis

of all the tumor nodules while awaiting OLT. Following successful down-staging, patients

were listed with MELD priority upon approval by the regional United Network for Organ

Sharing review board. A minimum follow-up of 3 months after down-staging was required

before deceased donor liver transplantation or right lobe living donor liver transplantation

(LDLT). Additional guidelines are summarized in Table 2.

TACE and laparoscopic radiofrequency ablation (RFA), either alone or in combination, was

the mainstay of down-staging treatment. Percutaneous RFA and ethanol injection were used

mainly in conjunction with TACE for residual or satellite lesions ≤4 cm. The choice of

treatment was ultimately determined based on tumor size, number, location, and

hypervascularity according to CT or MRI, as well as the hepatic reserve of the individual

patient, upon thorough review of the clinical and radio-logic information in a
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multidisciplinary tumor conference. Selected patients with adequate hepatic reserve were

also considered for limited hepatic resection as a down-staging procedure prior to OLT

rather than as a primary treatment. Due to difficulties in obtaining approval for priority

listing for OLT after resection, we have abandoned resection as a bridging procedure to OLT

since 2005.

Histolopathologic Analysis

Explant tumor staging in this study was based on size and number of only the viable tumors.

For example, if the explant liver showed a 5-cm, completely necrotic nodule with no viable

tumor and a 3-cm nodule with HCC, the pathologic tumor stage in this case would be T2

based on only the 3-cm nodule with viable tumor. The grade of differentiation was based on

the Edmondson and Steiner criteria (grade 1, well-differentiated; grade 2, moderately

differentiated; grade 3, poorly differentiated).16

Statistical Analysis

The intention-to-treat survival and probabilities of treatment failure (dropout, death without

OLT, or HCC recurrence after OLT) were estimated using the Kaplan-Meier method. Time

zero in these analyses was defined as the date of the first down-staging treatment. A chi-

squared, paired t test or Mann-Whitney U test was used to compare differences between

subgroups. Cox proportional hazards models were used for the analysis of predictors of

treatment failure. P < 0.05 was considered statistically significant in all analyses.

Results

Baseline Patient Characteristics

Between June 2002 and January 2007, 61 patients with tumor stage exceeding Milan criteria

on CT or MRI were enrolled in our down-staging protocol. During the study period, an

additional 28 patients with HCC meeting the proposed University of California, San

Francisco (UCSF) criteria10 but exceeding Milan criteria underwent OLT without down-

staging. After our down-staging protocol was incorporated into the United Network for

Organ Sharing Region 5 policy in April 2006, all patients with HCC exceeding Milan

criteria but meeting UCSF criteria were included in the down-staging protocol.

The baseline characteristics are summarized in Table 3. The most common etiology of liver

disease was hepatitis C, followed by hepatitis B. Ten patients had other diagnoses, including

cryptogenic cirrhosis in three, alcoholic liver disease in two, autoimmune hepatitis in two,

nonalcoholic fatty liver disease in one, primary biliary cirrhosis in one, and

hemochromatosis in one patient. The majority (89%) had a Child-Turcotte-Pugh (CTP)17

score <10 (Child class A and B) before down-staging.

The baseline alpha-fetoprotein (AFP) level and tumor characteristics before down-staging

are summarized in Table 3. Biopsy of the tumor was not required in this study, but many

patients had biopsy-proven HCC before referral to our institution. Patients undergoing

laparoscopic or open RFA also underwent intraoperative biopsy of the tumor. Overall, 38 of

61 patients (62%) had histologic confirmation of HCC at or before down-staging treatments.
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Loco-Regional Therapy for Tumor Down-Staging

Loco-regional treatments used for down-staging in this cohort are summarized in Table 4.

Excluding the six patients who underwent resection as the down-staging procedure,

laparoscopic/open RFA and TACE were the primary treatment modalities in all 55 patients.

Fourteen patients received a combination of laparoscopic RFA and TACE. Among them,

TACE was used as the initial treatment to facilitate subsequent laparoscopic RFA in nine

patients, and for residual or recurrent HCC after laparoscopic RFA in five patients. Fifteen

patients received a combination of TACE and percutaneous RFA or percutaneous ethanol

injection. Six patients underwent limited resection as a bridge to OLT.

Intention-to-Treat Outcome

The intention-to-treat outcome for the entire cohort is summarized in Fig. 1. Down-staging

was successful in 43 of 61 patients (70.5%). Among them, 35 patients had received OLT

after successful down-staging, including two who underwent LDLT. Six patients were still

awaiting OLT. The median time from the first down-staging procedure to OLT was 8.2

months (range, 3–25 months). Among the 35 patients who received OLT, the median

posttransplantation follow-up was 25 months (range, 1.7–57 months). Two patients had died

from causes unrelated to HCC recurrence. One patient died 14 months after OLT with poor

graft function and biliary complications. The other patient died 12 months after OLT due to

liver failure from recurrent hepatitis C infection. The other 33 patients were alive and free of

HCC recurrence at last follow-up.

Treatment failure was observed in 18 patients (29.5%), including three deaths without OLT,

and 15 cases of dropout due to tumor progression (Table 5). Three patients had rapid tumor

progression with dropout within 3 months after down-staging. One of the 15 cases of

dropout was a patient who underwent segmental resection of a 6.5-cm lesion, but was

excluded for OLT due to the presence of microvascular tumor invasion in the re- section

specimen. This patient was classified as treatment failure. The median time from initial

down-staging to treatment failure was 6.8 months. If we excluded the patient with

microvascular invasion in the resection specimen, the median time from down-staging to

treatment failure was 7 months (range, 1.2–14.2 months).

Among the three deaths without OLT (Table 5), two were directly related to the down-

staging procedure. One patient with a CTP score of 7 and a MELD score of 11 underwent

wedge resection of a 5-cm tumor in the left lateral segment in combination with open RFA

of a 2-cm lesion in the right hepatic lobe. This patient then developed respiratory failure in

the early postoperative period and subsequently died of multiorgan failure 23 days after

surgery. Pathology of the resection specimen in this patient showed a 6.2-cm moderately

differentiated HCC with three other satellite tumor nodules, which would have precluded

further consideration of OLT. The other patient, who had a CTP score of 7 and a MELD

score of 14, developed severe hepatic decompensation after laparoscopic RFA and

succumbed to multiorgan failure on postoperative day 29. The third patient died at home

from an unidentified cause before successful tumor down-staging.
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Two patients were excluded from OLT for other reasons. One had open RFA of a 5.7 cm

well differentiated HCC with complete response, but was later excluded from OLT due to

psychosocial contraindications. The other patient underwent resection of a 6.5 cm HCC and

was listed for OLT, but subsequent petition for extension of MELD priority status for OLT

was denied. This patient remained disease-free 47 months after resection. These two patients

were included in the intention-to-treat outcome analysis with follow-up censored at the time

of exclusion from OLT.

The Kaplan-Meier intention-to-treat survival rates at 1 and 4 years after initiation of down-

staging were 87.5% and 69.3%, respectively (Fig. 2). The Kaplan-Meier probabilities of

treatment failure, including death without OLT or dropout due to tumor progression, were

32% at 2 years and beyond (Fig. 2). Among the 35 patients who underwent OLT, the

Kaplan-Meier 1-year and 4-year posttransplantation patient survival rates were 96.2% and

92.1%, respectively (Fig. 3). None had HCC recurrence after a median posttransplantation

follow-up of 25 months (range, 1.7–57 months).

Explant Tumor Characteristics Following Down-Staging

Explant tumor characteristics are summarized in Table 6. Down-staging treatments achieved

complete tumor necrosis with no residual tumor in 13 patients (37.1%). Among these 13

patients, nine had biopsy-proven HCC prior to OLT (four percutaneously and five during

open or laparoscopic RFA). The histologic grade was well-differentiated in two patients,

moderately differentiated in one patient, poorly differentiated in one patient, and not

specified in the other four patients.

In the other 22 patients with residual HCC in the explant, 17 had pathologic HCC stage

within T2 criteria. Four of these 17 patients had a single satellite lesion ≤2 cm and complete

necrosis of the other larger tumor nodules. Five patients had explant tumor stage exceeding

T2 criteria, including four patients with four or more viable tumor nodules (T4a), and one

patient with a 3-cm tumor thrombus within a large branch of the portal vein (T4b) despite

extensive necrosis (>90%) of the two tumor nodules in the liver. None of these five patients

developed HCC recurrence after a median posttransplantation follow- up of 22 months

(range, 8–46 months).

The grade of tumor differentiation could not be determined in the 13 patients with complete

tumor necrosis, and was moderately differentiated in 13 patients and well-differentiated in

the remaining nine patients. None had poorly differentiated tumor grade. Except for the

single patient with macrovascular invasion, none of the other 34 patients had microvascular

invasion (Table 6). This patient with macrovascular invasion had no sign of HCC recurrence

after a follow-up of 46 months after OLT.

Correlation Between Radiologic and Pathologic Response

Among 35 patients who underwent OLT, the correlation between radiologic response and

explant tumor characteristics is summarized in Table 7. Fifteen patients (42.9%) had

complete radiologic response, with no residual tumor enhancement before OLT. The liver

explant in these 15 patients showed complete tumor necrosis in nine patients and T2 HCC in

the remaining six patients. One of these patients had wedge resection as the down-staging
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procedure. This patient had two residual small tumors in the liver explant measuring 0.9 cm

and 0.3 cm. Of the 20 patients with partial radiologic response in which there were viable

tumors meeting T2 criteria before OLT, four had complete tumor necrosis in the explant, 11

had explant tumors meeting T2 criteria, and five had HCC beyond T2 stage in the explant.

Predictors of Treatment Failure

When the clinical characteristics of the 35 patients who received OLT were compared with

the 18 patients with treatment failure, only the median AFP level within 3months prior to

OLT or treatment failure was significantly different between the two groups (Table 8). The

Cox proportional hazard model was also used to identify predictors of treatment failure

(Table 9). Only AFP > 1,000 ng/mL was a significant predictor of treatment failure, with a

hazard ratio of 7.75 (P < 0.001). Treatment failure was the eventual outcome in seven of the

eight patients with pretreatment AFP > 1,000 ng/mL. The AFP level was only slightly

improved or became further elevated over time in five patients despite treatment (Fig. 4) and

was not repeated in the patient who died from accelerated liver failure shortly after down-

staging treatment. Another patient had microvascular invasion in the resection specimen and

were excluded from OLT. The remaining patient had a significant decrease in AFP and

response to down-staging, but was subsequently excluded from OLT for psychosocial

reasons.

Discussion

Amid the controversy surrounding expanded criteria for OLT in patients with HCC, it is

generally agreed that some patients with tumors exceeding Milan criteria would clearly

benefit from OLT with an acceptably low risk of posttransplantation tumor

recurrence.11,12,18,19 The concept of using loco-regional therapy such as TACE to reduce

the size of HCC, thereby facilitating resection or OLT, was first tested by Majno et al.20 for

patients with one or more lesions >3 cm. Subsequently, Roayaie et al.18 from Mount Sinai

Medical Center, New York, applied adjuvant chemotherapy in combination with TACE in

80 patients with HCC exceeding Milan criteria based on one or more tumors >5 cm. Thirty-

seven patients (46%) were excluded from OLT mainly due to tumor progression, and the

other 43 patients ultimately received OLT in the pre-MELD era. The subgroup with the

largest tumor diameter between 5 and 7 cm had significantly better 5-year

posttransplantation survival than those with tumors >7 cm in diameter (55% versus 34%; P

= 0.024). Patients treated under their adjuvant protocol were not required to demonstrate

objective response to preoperative therapy prior to OLT. Consequently, the impact of

successful down-staging on outcome after OLT was unknown.

The fundamental principle behind down-staging is to select a subset of tumors with more

favorable biology that are more likely to respond to treatment and do well after OLT.13 This

concept was highlighted in a study by Otto et al.21 in which TACE was used exclusively in

controlling tumor progression prior to OLT in 62 patients with HCC initially exceeding

Milan criteria and in 34 patients meeting Milan criteria. Using the response evaluation

criteria in solid tumors (RECIST) criteria, response to TACE was defined as a 30% decrease

in the sum of the largest tumor diameter. Patients were excluded from OLT if they had
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significant tumor progression, defined as a 20% increase in the sum of the largest tumor

diameter or the development of new lesions. Patients with minimal disease progression but

not meeting the RECIST criteria also underwent transplantation. Fifty patients eventually

underwent OLT, including 27 of 62 patients (44%) with tumors initially exceeding Milan

criteria, and 22 of 34 patients (65%) with tumors initially meeting Milan criteria. The 39

patients demonstrating response to treatment or no tumor progression had a significantly

better 5-year recurrence-free probability than the 11 patients with minimal tumor

progression before OLT (94.5% versus 35.4%, respectively; P = 0.0017). Patients with

tumor stage initially exceeding Milan criteria had a 5-year recurrence- free survival not

significantly different from those meeting Milan criteria (74.5% versus 93.8%, respectively).

In a subsequent study, Millonig et al.22 applied TACE before OLT in 68 patients within

Milan criteria, 33 patients exceeding Milan but within the UCSF criteria,10 and 15 patients

exceeding both criteria. The dropout rates for the subgroups within Milan and UCSF criteria

were 2.9% and 12.1%, respectively (P = 0.08). For the group exceeding both the Milan and

UCSF criteria, the dropout rate was significantly higher at 26.7% (P = 0.009). The 5-year

intention-to-treat survival for the group within Milan criteria was 70.3% versus 65.9% for

the group within UCSF criteria but exceeding Milan criteria (P = 0.08) and 24.5% for the

group exceeding both criteria (P < 0.001). Among patients within the UCSF but exceeding

Milan criteria who responded to TACE by RECIST criteria (effectively down-staged), the

intention-to-treat 5-year survival was 66.6% for the subgroup with complete response,

63.7% for partial response (30% reduction in tumor size), and only 25% for no response.

The present study was designed to evaluate the intention-to-treat outcome of tumor down-

staging to meet Milan criteria, with well-defined eligibility criteria for down-staging. Tumor

understaging to beyond Milan criteria was observed in five of 22 patients (23%) with viable

tumors in the explant, similar to the 20% rate of under-staging for patients meeting Milan

criteria prior to OLT in a previous report from our center.12 We observed no

posttransplantation HCC recurrence after down-staging, but the median follow-up of 25

months after OLT may be too short to fully ascertain the recurrence risk. The number of

patients with ≥4 tumor nodules is very small, and more data are needed. The extremely low

rate of poorly differentiated tumor grade and vascular invasion in the explant is surprising,

but this observation may reflect selection of tumors with more favorable biology before

OLT, in accord with the fundamental principle behind the down-staging process. There are

technical and anatomical factors, in addition to tumor biology, that influence initial response

to loco-regional therapy, but the likelihood of tumor progression despite treatment is

expected to be higher in those with microvascular invasion and other unfavorable tumor

characteristics, The lower dropout rate in our study compared with that reported by Otto

(30% versus 55%, respectively)21 may be due to differences in the definition of treatment

response and the lack of upper limits in tumor size and number for inclusion in the study by

Otto. We believe that well-defined upper limits in tumor size and number in determining

eligibility for down-staging is crucial in achieving favorable outcome.

A minimal observation period of 3 months between down-staging treatment and OLT was

arbitrarily determined in our protocol. Only three patients had rapid tumor progression

leading to dropout within 3 months after down-staging. There is a complex interplay of
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unfavorable tumor biology and waiting list time on the risk of dropout due to tumor

progression. It has been argued that short waiting list time or “fast-tracking” under MELD or

with LDLT allows transplantation of aggressive tumors that would have been selected out

with traditionally longer waiting list time. This would in turn lead to a higher risk for

posttransplantation tumor recurrence.23 This hypothesis was disputed in a recent study from

our institution in which waiting list time did not correlate with the risk of tumor recurrence

when tumor stage was within Milan criteria prior to OLT.24 In patients with larger tumors

undergoing down-staging, however, the proportion of tumors with unfavorable histologic

tumor characteristics such as microvascular invasion is expected to be higher,25 which may

also be associated with poor treatment response and eventual dropout. While there is still

uncertainty regarding what the optimal observation period for down-staging should be, we

feel that the 3-month minimal interval between down-staging and OLT is reasonable as long

as the criteria for successful down-staging are met before OLT.

The heterogeneity of loco-regional therapies may be considered a weakness of this study.26

We designed the down-staging protocol with the understanding that response to specific

loco-regional therapy might vary according to individual tumor characteristics and for

technical reasons. Consequently, applying exclusively one type of treatment to all patients

might not produce the most optimal response. Instead, the best treatment was determined on

a case-by-case basis. Neither the number nor the type of treatment was predictive of

treatment failure. The limited sample size precluded more in-depth analysis of the best

treatment strategies in achieving successful down-staging.

High AFP of > 1000 ng/mL was a significant predictor of treatment failure. There is

growing evidence that this degree of elevation in the AFP level predicts a greater risk of

tumor recurrence after OLT.27,28 High AFP may be a marker for vascular invasion or

extrahepatic disease that escapes detection by conventional imaging techniques. CTP score

as a marker for severity of liver disease was not shown to be a significant predictor of

treatment failure. Intuitively, patients with severely decompensated cirrhosis and large

tumors are not likely to tolerate aggressive down-staging treatments. Although we did not

exclude any patient for down-staging on the basis of CTP score or other indices of liver

disease severity, a referral bias probably existed in that only patients with adequate

functional reserve were referred for consideration of tumor down-staging. The two deaths in

our series precipitated by hepatic decompensation shortly after down-staging treatments

underscore the importance of counseling patients about the potential risks for tumor down-

staging.

In conclusion, our results suggest that tumor down-staging to meet conventional criteria for

OLT among carefully selected patients is associated with excellent posttransplantation

outcome. Down-staging put selection pressure against aggressive tumors that are likely to

progress despite treatment, whereas tumors with more favorable histology are more likely to

respond to treatment and do well after OLT. Balancing the risk of dropout due to long

waiting list time and the selection of candidates with more favorable tumor biology remains

a challenge. There is still a need for refinement of down-staging treatment strategies to

further improve intention-to-treat outcome.
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OLT orthotopic liver transplantation

RECIST response evaluation criteria in solid tumors

RFA radiofrequency ablation

TACE transarterial chemoembolization
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Fig. 1.
Summary of the intention-to-treat outcome of 61 patients undergoing down-staging of HCC.

Abbreviations: DDLT, deceased donor liver transplantation; LDLT, living donor liver

transplantation.
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Fig. 2.
Kaplan-Meier intention-to-treat survival function and probabilities of treatment failure.

Time zero is the date down-staging treatment was initiated. Treatment failure was defined as

death from any cause without OLT (n = 3), dropout from the waiting list due to tumor

progression (n = 15), or HCC recurrence after OLT (n = 0). The number of patients at risk is

shown below the horizontal axis.
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Fig. 3.
Kaplan-Meier survival after liver transplantation. Time zero is the date of liver

transplantation. None of the 35 patients who received OLT developed recurrent HCC.
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Fig. 4.
Changes in AFP level in eight patients with pretreatment AFP >1000 ng/mL. Time zero is

the date of first down-staging treatment. Data were not shown for the patient excluded from

OLT when microvascular invasion was found in the resection specimen. AFP was not

repeated in another patient who died from accelerated liver failure shortly after down-

staging treatment. Treatment failure was the eventual outcome in seven of eight patients.

Only one patient had significant decrease in the AFP and initial response to down-staging,

but was excluded from OLT due to psychosocial reasons.
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Table 1

Down-Staging Protocol for Patients with HCC Initially Exceeding United Network for Organ Sharing T2

Criteria for Liver Transplantation

Inclusion criteria for down-staging based on HCC characteristics

1 One lesion >5 cm and ≤8 cm

2 Two or three lesions, at least one >3 cm but ≤5 cm + total tumor diameter ≤8 cm

3 Four or five lesions, all ≤3 cm + total tumor diameter ≤8 cm

4 No vascular invasion by imaging studies

Criteria for successful down-staging via imaging studies

1 Tumor size and number meeting UNOS T2 criteria

2 Complete tumor necrosis without contrast enhancement to suggest residual tumor, equivalent to obliteration of the tumor
irrespective of tumor size

Criteria for treatment failure

1 Death from any cause without OLT

2 Dropout due to tumor progression (exclusion criteria for OLT)

A. Tumor size and number exceeding inclusion criteria

B. Vascular invasion by imaging studies

C. Extrahepatic or lymph node metastasis

3 HCC recurrence after OLT
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Table 2

Additional Guidelines in UCSF Down-Staging Protocol

1 A minimum follow-up period of 3 months after down-staging is required before deceased donor liver transplantation (DDLT) or
LDLT, along with imaging studies meeting the above defined criteria for successful down-staging.

2 Approval by the regional UNOS review board for priority listing is needed for DDLT after successful down-staging.

3 Patients can undergo LDLT if a donor is available, and if imaging studies meet proposed UCSF expanded criteria.10

4 Those with acute hepatic decompensation after down-staging procedures are not eligible for DDLT or LDLT unless they meet the
above criteria.

5 In patients treated with resection as a down-staging procedure, the presence of microvascular tumor invasion in the resection
specimen is a contraindication to DDLT or LDLT.
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Table 3

Baseline Characteristics of 61 Patients Undergoing Down-Staging

Median age, years (range) 59 (45–73)

Sex (M/F) 50/11

Asian, n (%) 19 (31%)

Child class cirrhosis (A/B/C)* 29/25/7

Cause of liver disease, n (%)

  Hepatitis C virus 36 (59)

  Hepatitis B virus 15 (25)

  Other 10 (16)

Median AFP, ng/mL (range)† 28 (3–6,539)

HCC characteristics before down-staging, n (median [range] of maximal tumor diameter)

  One lesion 25 (6.4 cm [5.2–8 cm])

  Two lesions 20 (4.2 cm [3.2–5 cm])

  Three lesions 11 (4.6 cm [3.7–5 cm])

  Four or five lesions 5 (2.6 cm [2.2–3 cm])

Histologic confirmation of HCC at or before down-staging, n (%) 38 (62)

*
Child class A, B, and C correspond to CTP scores of 5– 6, 7–9, and 10–15, respectively.

†
Baseline AFP before down-staging treatment was missed in one patient.
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Table 4

Down-Staging Treatments Received by the 61 Patients

Treatment
No. of Patients

(No. of Treatments)

Laparoscopic/open RFA only* 11 (11)

TACE only 15 (34)

TACE + percutaneous ablation 15 (54)

  TACE + percutaneous ethanol ablation 6 (27)

  TACE + percutaneous RFA 9 (27)

Laparoscopic RFA + TACE 14 (34)

Resection† 6 (6)

*
Two received open RFA, nine received laparoscopic RFA.

†
One of these patients underwent resection despite a high preoperative CTP score of 11. This patient had a 5.3-cm lesion very close to the liver

surface at risk for rupture. The other five patients had a CTP score of ≤7 before resection.
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Table 5

Causes of Treatment Failure in 18 Patients

Cause of Treatment Failure
No. of

Patients

Dropout due to HCC (n = 15)

  Vascular invasion on imaging 7

  Extrahepatic metastasis 3

    Lung 1

    Bone 1

    Bone and lung 1

  Intrahepatic tumor progression (beyond inclusion criteria) 3

  Biopsy-proven lymph node invasion 1

  Exclusion from OLT due to presence of vascular invasion in resection specimen 1

Death without OLT (n = 3)

  Liver failure after laparoscopic RFA 1

  Multiorgan failure after resection 1

  Sudden death at home 1
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Table 6

Explant Histopathologic HCC Characteristics of 35 Patients

Pathologic Tumor Stage No. of Patients

Complete necrosis without residual tumor 13 (37.1%)

Meeting T2 criteria* 17 (48.6%)

Exceeding T2 criteria 5 (14.3%)

  T4a (≥4 lesions) 4

  T4b (macrovascular invasion) 1

Histologic grade† (n = 22)

  Well differentiated (grade 1) 9 (40.9%)

  Moderately differentiated (grade 2) 13 (59.1%)

  Poorly differentiated (grade 3) 0 (0%)

Vascular invasion

  None 34 (97.1%)

  Microvascular invasion 0 (0%)

  Macrovascular invasion 1 (2.9%)

*
Includes four patients with only a single satellite lesion up to 2 cm and complete necrosis of the larger tumors.

†
Histologic grade could not be determined in the 13 patients with complete tumor necrosis.
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Table 7

Correlation Between Radiologic and Explant Pathologic Tumor Characteristics

Complete Tumor
Necrosis in Explant

Pathologic Tumor Stage
Meeting T2 Criteria in

Explant
Pathologic Tumor Stage
>T2 Criteria in Explant

Complete radiologic response with no tumor enhancement (n
= 15)*

9 6 0

Radiologic stage within T2 criteria (n = 20) 4 11 5

Total (N = 35) 13 17 5

*
Includes one patient who had wedge resection as a down-staging procedure; two small tumor nodules measuring 0.9 cm and 0.3 cm were found in

the liver explant.
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Table 8

Comparison of Clinical Characteristics of 35 Liver Transplantation Patients and 18 Patients with Treatment

Failure

Characteristics
Transplantation

(n = 35)
Treatment Failure

(n = 18)

Median age, years 58.2 59.5

Sex (M/F) 29/6 14/4

Asian, n (%) 13 (37.1) 4 (22.2)

Child class cirrhosis (A/B/C) 15/16/4 8/8/2

Cause of liver disease, n (%)

  Hepatitis C virus 24 (68.6) 9 (50.0)

  Hepatitis B virus 15 (25.0) 6 (33.3)

  Other 4 (11.4) 3 (16.7)

Median AFP, ng/mL (range)* 12.9 (2.1–760) 271.9 (5.3–58,096)

HCC characteristics before down-staging, n (%)

  One lesion 11 (31.4) 9 (25.7)

  Two lesions 14 (40.0) 5 (27.8)

  Three lesions 7 (20.0) 3 (16.7)

  Four or five lesions 3 (8.6) 1 (5.6)

*
The difference in the median AFP level within 3 months prior to OLT and the median AFP within 3 months before treatment failure was

statistically significant (P = 0.001; Mann-Whitney U test). None of the other characteristics are statistically different between the two groups.
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Table 9

Cox Proportional Hazard Model for Predictors of Treatment Failure

Variable
Hazard Ratio
(95% CI) P Value

AFP ≥1,000 ng/mL 7.75 (2.9–20.7) <0.0001

Multifocal HCC (versus single lesion) 0.76 (0.31–1.88) 0.56

Three or more treatments (versus one treatment) 0.51 (0.18–1.41) 0.19

Combination treatment (versus same treatment modality) 0.67 (0.27–1.66) 0.39

Child class B or C cirrhosis (versus class A) 0.97 (0.4–2.40) 0.95

Cause of liver disease

  Hepatitis C versus hepatitis B 0.50 (0.14–1.8) 0.29

  Hepatitis C versus other 0.50 (0.11–2.2) 0.36
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