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Abstract

A subset of liver transplant (LT) recipients who undergo transplant for hepatocellular carcinoma 

(HCC) will develop post-operative recurrence. There has yet to be a thorough investigation of 

donor factors influencing recurrence. Data regarding adult, primary LT recipients with HCC 

(n=5002) transplanted between January 1, 2006 and September 30, 2010 were extracted from 

United Network for Organ Sharing (UNOS) database, with subsequent estimation of the 

cumulative incidence of post-LT recurrence by donor factors. Of the HCC LT recipients, 324 

(6.5%) developed recurrence. Analysis of donor characteristics demonstrated a higher cumulative 

incidence of recurrence within 4 years of transplant among recipients of donors ≥60 years old 

(versus donors <60 years old) (11.8% versus 7.3%, respectively; p<0.001), and donors from non-

local share distribution (versus local share distribution) (10.6% versus 7.4%, respectively; 

p=0.004). The latter two findings held true on multivariable analysis with HCC recurrence risk 

increased by 70% for recipients of donor livers ≥60 years old (SHR=1.70, 95% CI 1.31–2.20, 

p<0.001) and by 42% for recipients of non-local share distribution (SHR=1.42, 95% CI 1.09–1.84, 

p=0.009) after adjusting for clinical characteristics. In conclusion, consideration of certain donor 

factors may reduce the cumulative incidence of post-transplant HCC recurrence, and thus improve 

long-term survival following LT.
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Introduction

Liver transplantation has emerged as the optimal treatment for early stage hepatocellular 

carcinoma over the last two decades, achieving 5 year survival rates of 75%. (1) This 

success, fueled by the implementation of Model for End-Stage Liver Disease (MELD) 
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allocation in 2002 and the associated priority listing for patients with HCC within Milan 

criteria, has resulted in a significant increase in the proportion of patients being listed and 

subsequently transplanted for HCC. (2)

Given the concern for systematic underreporting of national HCC recurrence data, our group 

sought to validate the OPTN HCC recurrence data and demonstrated that the observed HCC 

recurrence rate was not significantly lower than the expected rate at any center. (3) Within 

the aforementioned study, we demonstrated an increased risk of HCC recurrence or HCC 

related death in those recipients with increased tumor burden, a history of ablative therapy, 

an alpha-fetoprotein (AFP) level >500 ng/ml, and interestingly an increased Donor Risk 

Index (DRI).

With the progress in the application of liver transplantation as treatment for HCC, there has 

emerged a consistent observation of post-transplant HCC recurrence in up to 20% of 

recipients. (4) It has been demonstrated that the downstream effect of HCC recurrence is 

significantly lower rates of survival when compared to HCC liver transplant recipients who 

do not develop recurrence. (5) There have been many studies identifying or implicating 

various recipient-associated factors that portend a higher rate of post-transplant recurrence: 

including the presence of microvascular or macrovascular invasion, tumor size larger than 5 

cm, tumor grade, bilobar disease, total number of lesions, and elevated serum α-fetoprotein 

levels. (4) Sharma et al, utilizing a single center retrospective review, demonstrated that the 

number of HCC lesions and size of the largest lesion were significant predictors of HCC 

recurrence. (6) Furthermore, they noted that the median donor age in their cohort of 94 liver 

transplant recipients was higher in those with HCC recurrence post-transplant (49 years old 

vs 36 years old, p=0.008) and HCC recurrence risk increased with donor age (adjusted 

hazard ratio 1.06 per year, p=0.002), representing the only evidence thus far suggesting a 

donor derived HCC recurrence effect.

As there has yet to be a thorough investigation attempting to understand the full scope of 

potential donor derived factors contributing to HCC recurrence, this study sought to serve as 

an initial examination of the potential role of the donor in HCC recurrence following liver 

transplantation through examination of the national registry.

Methods

Observational data on adults 18 years of age or older assigned an exception for HCC 

diagnosis meeting policy 3.6.4.4 criteria (Stage T2: one lesion between 2 and 5cm in size, or 

two lesions between 1 and 3cm in size, with late arterial enhancement on CT or MRI) and 

receiving a first liver transplant between January 1, 2006 and September 30, 2010, were 

obtained retrospectively from the United Network for Organ Sharing (UNOS) Standard 

Transplant Analysis Research (STAR) files (created 03/02/2012) to investigate predictors of 

post-transplant HCC recurrence. Patients with a cause of death from cholangiocarcinoma 

(HCC likely misdiagnosed on initial evaluation; n=11) or with laboratory MELD >=22 at 

transplant (likely other underlying liver complications in addition to HCC; n=25) were 

excluded from the analysis. As the UNOS dataset does not contain biopsy confirmation of 

HCC recurrences, the malignancy follow-up data file documenting post-transplant 
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malignancies was utilized under the heading “post-transplant recurrence of pre-transplant 

malignancy”. Recurrence was defined as either a diagnosis of HCC recurrence or a post-

transplant HCC-related death as determined by physician review (JPR) of (a) indication of 

recurrence in malignancy follow-up data or (b) primary and contributory causes of post-

transplant death.

HCC was designated as the primary diagnosis for 34% of patients. To identify the 

underlying cause of liver disease in these patients, secondary diagnosis at listing and 

diagnosis at transplant (when secondary diagnosis was unavailable or also HCC) were 

evaluated. Patients with only a diagnosis of HCC and evidence of viral hepatitis (hepatitis C 

virus seropositive or hepatitis B virus surface antigen positive) were categorized to their 

respective viral hepatitis diagnosis.

We described recipient, tumor and donor characteristic with counts (proportions) and 

medians (interquartile ranges (IQR)) and evaluated differences by donor age (<60 versus 

>=60 years) and organ sharing (local versus non-local) using the chi-square and Wilcoxon 

rank sum tests. We calculated tumor volume in cm3 as the volume of a sphere (  * pi * 

tumor radius3) where the tumor radius was half of the reported tumor size and cumulated the 

tumor volumes for patients with multiple tumors. We calculated donor risk index (DRI) per 

Feng, et al. (7) Donor age was dichotomized at 60 years after evaluation of decade of age 

beyond 40 years showed similar risk of recurrence until age 60 years. Evaluation of organ 

sharing by local, regional and national categories resulted in similar risk estimates for 

regional and national share and was therefore dichotomized as local versus non-local 

(including both regional and national). A 120 day cut-off for time waiting from assignment 

of HCC exception to transplant was derived from cumulative incidence plots of HCC 

recurrence by 30 day increments of wait time. An AFP cut-off of 500 ng/uL was used in 

accordance with studies showing AFP of around 500 to be predictive of poor post-transplant 

survival (8) and increased waiting-list drop-out. (9)

We imputed missing values within the dataset. Missing cold ischemia time (3.7%) was 

imputed with the median time by transplant region and share distribution. Donor height and 

BMI were missing for 2 and 3 observations, respectively, and were imputed with the median 

by gender. Hepatitis B data were missing for 7 subjects and these patients were categorized 

to the reference group.

Risk of post-transplant HCC recurrence was evaluated using competing risks regression with 

the Fine and Gray model. (10) Post-transplant follow-up terminated with the event, HCC 

recurrence or HCC-related death, the competing risk, death due to other causes, or censoring 

at last follow-up. Time to event was measured in years from liver transplant to (a) date of 

diagnosis for HCC recurrence (if reported) or HCC-related death, (b) date of death from 

non-HCC causes for patients with a competing event, or (c) date of last follow-up for 

patients alive or lost to follow-up (censored). For patients subsequently receiving a second 

or third liver transplant, follow-up time was evaluated from the date of first transplant to 

death, recurrence or last follow-up after re-transplant. Post-transplant follow-up status and 

date were updated when valid Social Security death certificate master file data were 

available.
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Observed cumulative incidence and 95% confidence intervals (95% CI) of post-transplant 

HCC recurrence was calculated while accounting for competing risks and evaluated by 

donor age and organ sharing. Single predictor estimates for risk of post-transplant HCC 

recurrence (subhazard ratios (SHR)) were first estimated by modeling the cumulative 

incidence function with competing risks regression for tumor, recipient and donor 

characteristics. Characteristics with p<0.1 were further evaluated in the multivariable model. 

The final model included factors where multivariable p values were less than 0.05, and 

accounted for center-level clustering of outcomes. We evaluated the assumption of 

proportional sub-distribution hazards and modeled covariates violating the assumption as 

time-varying covariates (wait time, AFP and diagnosis). We also evaluated potential 

interactions between donor characteristics (donor age and non-local organ sharing) and 

clinical characteristics (wait time, tumor size and number, ablation, and AFP) (p>0.05, data 

not shown).

Data manipulation and analysis were completed in SAS version 9.3 (SAS Institute, Cary, 

NC). Competing risks regression was completed in Stata/IC 11.1 (StataCorp, College 

Station, TX). Presented p values are for two-sided tests. This study received approval from 

the UCSF Committee on Human Research.

Results

The characteristics of the liver transplant recipients with HCC for the time period studied 

(n=5002) are presented in Table 1. The majority of recipients were male (77.4%), white race 

(67.4%), with a diagnosis of HCV (62.1%). The median age at transplant was 57, with more 

than half of the recipients undergoing transplant at a MELD score of 22, representing 

transplant at the initial application for HCC exception point listing. Only 3.5% of liver 

recipients received a split liver or living donor liver transplant.

The tumor characteristics of recipients transplanted for HCC are detailed in Table 2. The 

majority of recipients (81.5%) were transplanted for a single tumor ≥ 2cm or multiple 

tumors with only 1 tumor ≥ 2cm, and with 98.9% of recipients being within Milan criteria at 

the time of exception point listing. Ablative therapy was pursued in 43.3% of recipients. 

Median (IQR) time to transplant from time of exception point listing was 77 (27–158) days. 

The median (IQR) duration of post-transplant follow up was 2.1 (1.0–3.6) years. During this 

time, 324 patients (6.5%) were documented to have HCC recurrence.

Donor characteristics for the HCC transplanted population are detailed in Table 3. The 

median [IQR] DRI was 1.37 [1.13–1.68]. The majority of donors were of white race (66%), 

and had suffered brain death (94.5%). Donors >=60 year old were utilized in 16.8% of the 

recipients transplanted. Non-local share distribution represented 20.9% of donors utilized. 

The overall median (IQR) cold ischemic time of 6.5 (5.0–8.2) hours; however, it should be 

noted that livers from non-local share distribution had longer median [IQR] cold ischemic 

times than liver grafts distributed from local share (7.7 (6.0–9.5) hours versus 6.2 (5.0–7.9) 

hours; p<0.001), a higher DRI (1.60 (1.30–1.97) versus 1.33 (1.09–1.61); p<0.001), a higher 

rate of HCV positive donors (8% versus 3%, p<0.001), and a higher median donor age (45 

(29–58) years old versus 42 (26–54) years old; p<0.001). Furthermore, for non-local and 
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local share distribution, there was no significant difference in median (IQR) donor BMI 

(26.3 (23.3–30.5) versus 26.2 (23.1–30.2); p=0.35), nor DCD utilization (7% versus 5%; 

p=0.06).

The cumulative incidence of HCC recurrence within 1 and 2 years of transplant were 3.3% 

(95% CI 2.8–3.8) and 5.6% (95% CI 5.0–6.3). Transplant recipients with a donor ≥60 years 

of age experienced significantly higher cumulative incidence of HCC recurrence compared 

to patients receiving a donor <60 years of age (Figure 1a). Comparison of HCC recipient 

and tumor characteristics for patients who received a donor allograft ≥60 years of age 

(versus <60 years of age) is shown in Table 1 and Table 2, respectively. Of note, HCC 

recipients transplanted with a donor allograft ≥60 years of age were more often female 

(26.1% vs 19.9; p=0.008), diagnosed with alcoholic liver disease (12.0% vs 7.7%; p<0.001) 

or NASH (5.7% vs 4.0%; p=0.03), but less often diagnosed with HCV (53.1% vs 64.0%; 

p<0.001). HCC recipients of an older donor allograft had a higher rate of non-HCC deaths 

(21.9% vs 16.4%; p<0.001). Recipients of older allografts had a smaller median (IQR) size 

of the main HCC nodule (2.3 cm (1.8–3.0) vs 2.4 cm (2.0–3.1); p=0.02).

The cumulative incidence of HCC recurrence was also elevated for recipients of non-local, 

rather than local, organ share distribution achieving statistical significance at 2 years 

following transplant. (Figure 1b) Comparison of recipient and tumor characteristics based 

upon share type are shown in Table 1 and Table 2, respectively, and was notable for a 

shorter median [IQR] time from exception point listing to liver transplant for recipients of 

non-local share distribution (53 [22–119] days versus 87 [28–165] days; p<0.001).

Univariable and multivariable competing risks regression analyses are demonstrated in 

Table 4. Risk of post-transplant HCC recurrence was independently associated with donor 

age and type of organ sharing after adjusting for wait time, tumor size and volume, ablative 

therapy, AFP >500 ng/mL and diagnosis. Risk of post-transplant HCC recurrence was 

significantly increased in recipients of donor livers ≥60 years of age (versus <60 years of 

age) (SHR=1.70, 95% CI 1.31–2.20, p<0.001). This observation was independent of HCV 

status as in comparison to patients receiving an organ from a donor <60 years of age, the 

adjusted sub-hazard ratio for risk of recurrence for patients receiving donors >=60 years was 

1.82 (95% CI 1.18–2.82; p=0.007) among non-HCV/HCC recipients and 1.62 (95% CI 

1.16–2.27; p=0.005) among HCV/HCC recipients. Risk of post-transplant HCC recurrence 

was also significantly increased in recipients of donor livers of non-local share distribution 

(versus local share distribution) (SHR=1.42, 95% CI 1.09–1.84, p=0.009). Additional donor 

factors analyzed, including cold ischemic time and DCD donation, were not found to be 

associated with an increased risk of HCC recurrence.

Discussion

We present here the first examination of the UNOS database evaluating the potential role of 

donor derived factors in post-transplant HCC recurrence. We demonstrate a higher 

cumulative incidence of recurrence associated with recipients who receive allografts from 

donors ≥60 years old, and with donors derived from distribution of non-local share. This 

donor profile associated with recipient HCC recurrence shares overlap with what have been 
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often classified as expanded criteria donors, representing a broadening of what has 

previously been considered a usable liver donor. Utilization of these marginal donors has 

been based upon attempts of maintaining adequate supply for the growing demand of liver 

transplant candidates or at times expediting a candidate’s time to transplant. While there 

may be concern that recipients at higher risk for HCC recurrence are biased to receipt of 

these marginal allografts, our study accounted for potential center differences as well as 

recipient tumor variables related to recurrence, and still demonstrated that donor age ≥60 

years and non-local organ share remained independently associated with HCC recurrence, 

suggesting a potential role for a donor specific effect.

Rodent models have demonstrated enhanced growth of intrahepatic tumors due to the 

oxidative stress and hepatocyte injury caused by the process of ischemia/reperfusion. 

Furthermore, this ischemia/reperfusion induced outgrowth of hepatic metastases has been 

demonstrated in rodent models to be accentuated in both the aged liver and the steatotic 

liver, allografts that in clinical transplantation are also associated with increased degree of 

ischemia/reperfusion injury. (11,12) Our data confirms the negative effect of advanced 

donor age on HCC recurrence initially observed by Sharma et al (6). We did not observe a 

difference associated with duration of cold ischemic time, which one could postulate would 

influence the degree of ischemia/reperfusion. However, we did demonstrate an association 

between HCC recurrence and organ share type and that there was a significant difference in 

cold ischemic times between the local share and non-local share distribution cohorts. It is 

largely believed that organs used for broader sharing reflect use of a more marginal organ, 

as validated through previous reports documenting a higher DRI associated with nationally 

versus locally placed livers (2.1 versus 1.4; p<0.001). (13) The latter finding held true in our 

study population as well (non-local share 1.60 versus local-share 1.33; p<0.001). Although 

the non-local share donor had a significantly higher median age, when compared to local 

share donors, this did not appear to have clinical significance (45 years old versus 42 years 

old; p<0.001). Additional variables analyzed that may lend to the marginal status of the non-

local share donor, and/or lend to a potential for increased ischemia/reperfusion injury, 

including donor BMI and utilization of DCD allografts, did not demonstrate significance 

when compared to donors of local share. In contrast, there was a higher rate of HCV positive 

donors in the non-local share donor group. Unfortunately, attempts at comparing degree of 

macrosteatosis or microsteatosis within the liver grafts were limited by missing data within 

UNOS, with more than 65% of the population lacking this information. The latter, along 

with potentially additional donor factors contributing to the marginal nature of the non-local 

share allograft not captured in our donor analysis, may contribute individually or perhaps 

collectively to the higher rate of recurrence seen in the non-local share group.

It should be noted that there was no association between HCC recurrence and donor BMI; 

however, the latter is not a precise surrogate for degree of donor steatosis and thus may limit 

interpretation of the contribution of graft steatosis in HCC recurrence. Furthermore, our data 

does not support the recent assertion of a higher rate of recurrence associated with DCD 

allografts, as has been previously speculated to exist due to an observed inferior patient and 

graft survival seen in HCC recipients of DCD allografts. (14) Finally, we failed to identify 

significantly higher cumulative incidence of HCC recurrence among recipients of partial 
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liver allografts (split livers and living donor liver transplants); however, the small number of 

subjects and events in these subcategories limited our analysis.

Akin to the application of the Milan Criteria for recipient candidate selection, we propose 

that a component of post-liver transplant outcomes optimization for HCC patients may 

depend upon improved donor selection. We acknowledge that recipient factors associated 

with the primary disease burden significantly contribute to the risk for HCC recurrence, as 

has been extensively investigated previously. However, despite controlling for potential 

recipient tumor variables that portend a higher rate of HCC recurrence, our data demonstrate 

a potential role for donor derived factors in HCC recurrence following liver transplantation.

The role of a donor profile influencing post-operative recurrence of disease has been 

previously demonstrated in regards to the influence of liver donor age in HCV positive 

recipients. Grafts from donors with advanced age have been shown to result in more rapid 

HCV fibrosis progression post-transplant - correlating with a subsequent decrease in graft 

and patient survival. (15,16) Indeed, the latter association has resulted in adoption of donor-

age restriction policies for HCV positive recipients at the authors’ institutions in order to 

optimize outcomes in the HCV positive recipient population. Of note, the data presented 

here demonstrate a significantly reduced percentage of older donor utilization for the HCV 

positive recipient population. Application of the same type of donor restrictions for 

candidates with HCC may potentially allow for not only a reduction in the observed rate of 

post-transplant HCC recurrence, but also improved post-transplant survival. One could 

speculate that a more limited donor pool may result in prolongation in the waitlist time for 

candidates with HCC; however, recent data has shown that a donor restriction policy for 

HCV positive waitlisted patients in Region 5 was not associated with longer waiting times 

or a higher risk of wait-list mortality. (17) Utilization of an “ablate and wait” strategy for 

HCC candidates (18), in addition to optimal donor selection, may allow for a selection 

benefit to minimize the risk of post-transplant HCC recurrence and optimize long-term 

survival. Indeed, recent data has demonstrated a 40% reduction in recurrence within the first 

year following transplant for those HCC candidates with a wait time >120 days. (19)

This study is an observational, retrospective review utilizing a national registry database. 

The assimilated data were not collected for the sole purpose of investigating HCC 

recurrence, posing a limitation of this study. Reporting HCC recurrence to UNOS/OPTN is 

not mandated likely resulting in misclassification of some HCC recurrences to the 

competing event (non-HCC death) and underestimation of the cumulative incidence of HCC 

recurrence. However, we expect this misclassification occurs at random such that reporting 

of HCC recurrence is not systematic by donor age or donor share. Therefore, differences in 

HCC recurrence by donor factors should be valid but our risk ratio estimates are likely 

attenuated. This misclassification reduces our power to detect differences in HCC recurrence 

by donor subgroups. Although there is the potential for inaccuracies within the UNOS 

database, our group has specifically validated the OPTN HCC recurrence data to exclude 

systematic under- and over-reporting by centers. (3) Additional limitations are represented 

by the absence of specific information regarding the type and timing of the HCC recurrence, 

as this information would help in potentially differentiating between de novo disease and 

true recurrence.
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In summary, we demonstrate that donors of older age (≥60 years old) and of non-local share 

distribution, when utilized for HCC liver transplant candidates, may portend a higher 

cumulative incidence of post-transplant HCC recurrence. Further investigation into the 

potential tumor enhancing effects associated with donor factors is warranted, as this may 

potentially allow a further reduction in the cumulative incidence of HCC recurrence, and 

thus improved long-term survival following liver transplantation.
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Abbreviations

AHN acute hepatic necrosis

CDC Center for Disease Control

CIT cold ischemic time

DCD donation after cardiac death

DRI donor risk index

ESLD end-staged liver disease

HBV Hepatitis B Virus

HCC hepatocellular carcinoma

HCV Hepatitis C Virus

LT liver transplant

MELD Model for End-Staged Liver Disease

NT no transplant

PBC primary biliary cirrhosis

PSC primary sclerosing cholangitis

SHR subhazard ratio
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Figure 1. 
Observed cumulative incidence of HCC recurrence by (a) donor age and (b) organ share 

type.
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Table 3

Donor characteristics of transplant recipients with HCC.

Total Population
(n=5002)

Donor characteristics n (%)

Age >=60 840 (16.8)

Ethnicity

  White 3300 (66.0)

  Black 831 (16.6)

  Hispanic/Latino 681 (13.6)

  Asian 149 (3.0)

  Other/Multi-race 41 (0.8)

DCD 273 (5.5)

Partial or split liver 119 (2.4)

Cause of death

  Anoxia 983 (19.7)

  Other 137 (2.7)

  Stroke 2087 (41.7)

  Head trauma 1741 (34.8)

  Live donors 54 (1.1)

Non-local organ sharing 1045 (20.9)

HBV core positive 340 (6.8)

CDC high risk donor 470 (9.4)

HCV positive 187 (3.7)

BMI

  Underweight (BMI <18.5) 159 (3.2)

  Normal (BMI 18.5–24.9) 1833 (36.6)

  Overweight (BMI 25.0–29.9) 1679 (33.6)

  Obese (BMI >30) 1331 (26.6)

Median (IQR)

Height (cm) 173 (165–180)

Cold ischemia time (hours) 6.5 (5.0–8.2)

DRI 1.37 (1.13–1.68)
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