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Abstract

Background: Although liver transplantation may potentially cure hepatocellular carcinoma 

(HCC), the risk of HCC recurrence is 8–20% at five years post-transplant. Pre-transplant alpha 

fetoprotein (AFP) is a predictor of HCC recurrence, but it is unknown if pre-transplant AFP also 

predicts survival in patients with recurrence.

Methods: We performed a retrospective cohort study using the United Network for Organ 

Sharing (UNOS) database between 2002 and 2016. We identified adult transplant recipients with 

HCC recurrence after liver transplantation for HCC, and used Cox regression to compare patient 

survival among different maximum pre-transplant AFP levels.

Results: The cohort (N=1,164) was primarily male, white, and with hepatitis C liver disease. The 

median time to HCC recurrence was 11.6 months (interquartile range 6.1–26.3). In Cox regression 

analysis, increasing pre-transplant AFP was associated with poorer survival when adjusting for 

age, pre-transplant model for end-stage liver disease (MELD), and time to HCC recurrence. For 

example, patients with pre-transplant AFP ≥500ng/mL had a 1.6-fold higher risk of death versus 

those with AFP ≤20ng/mL (p<0.001).
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Conclusion: Pre-transplant AFP is independently associated with survival in patients with HCC 

recurrence. These findings further contextualize the importance of pre-transplant AFP in liver 

transplantation, and may improve prognostication for patients with HCC recurrence.

Keywords

survival analysis; risk stratification; United Network for Organ Sharing (UNOS); national registry 
data; liver transplantation

Introduction

Hepatocellular carcinoma (HCC) is a primary liver malignancy occurring most often in the 

setting of cirrhosis.1 Liver transplantation (LT) is potentially curative, and in properly 

selected patients offers better long-term survival as compared to surgical resection.2,3 

However, the incidence of HCC recurrence after transplantation is high, up to 8–20% at five 

years.4–6 Prior literature has identified numerous risk factors for patients at risk of HCC 

recurrence, including pre-transplant alpha fetoprotein (AFP), shorter time on the waiting list, 

etiology of liver disease, and pathology characteristics such as microvascular invasion.7–13 

However, there are limited data on survival among patients who experience HCC recurrence, 

as well as associated risk factors for mortality. In particular, although AFP at the time of 

recurrence predicts patient survival,14 it is unknown if pre-transplant AFP similarly predicts 

survival among patients with HCC recurrence.

There is biological plausibility for such a claim. It has been shown that AFP levels correlate 

with mortality in patients with HCC in the non-transplant setting, across all etiologies, and 

specifically in patients with chronic hepatitis C virus infection.15–17 This occurs even after 

adjusting for tumor size and stage, and is therefore incorporated into one of the major 

prognostic scoring systems, the Cancer of the Liver Italian Program.18 We also know that 

AFP levels positively correlate with HCC tumor burden as well as HCC recurrence risk.19 

Finally, AFP secretion corresponds to tumor proliferation, dedifferentiation, and anti-

apoptosis.20–22 Because HCC recurrence is thought to occur as a result of circulating tumor 

cells that are not cleared with transplant,23,24 it stands to reason that increased pre-transplant 

AFP may predict increased aggressiveness of HCC tumors when and if they recur. To test 

this hypothesis, we used national transplant registry data to determine if pre-transplant AFP 

levels are associated with survival among patients with post-transplant HCC recurrence, 

adjusting for established risk factors. In doing so, we also sought to characterize the national 

burden of HCC recurrence cases, as well as trends in HCC recurrence mortality.

Materials and Methods

Study Design and Cohort Creation

We performed a retrospective cohort study using United Network for Organ Sharing 

(UNOS) data from 2/2002 to 9/2016. Our group has previously described the creation of a 

cohort of patients aged ≥18 who underwent LT for HCC during this period.9 For this study, 

we created an analytic subcohort of patients who experienced HCC recurrence. We 

identified these events using a validated algorithm that included report of (1) post-transplant 
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recurrence of pre-transplant malignancy, or (2) post-transplant death caused by HCC or 

metastatic malignancy. In the UNOS database these fields are updated annually after LT. 

Importantly, although there is no dedicated field in the UNOS post-transplant database that 

indicates HCC recurrence, this algorithm has been previously validated and subsequently 

used in several studies, including a recent validation of the RETREAT score.9,25,26 Finally, 

for the primary analysis we excluded patients who had simultaneous coding of HCC 

recurrence and death, as these patients would automatically be excluded from subsequent 

survival analysis.

Variable Collection

From the UNOS dataset we obtained data on demographics (age at LT, age at HCC 

recurrence, sex, race), body mass index (BMI) at transplant, pre-LT model for end-stage 

liver disease (MELD), adherence to Milan criteria, last pre-LT imaging tumor characteristics 

(diameter, number of tumors), pre-LT locoregional therapy (embolization or ablation), 

downstaging prior to transplant, pre-LT surgical tumor resection, cold ischemia time, and 

UNOS transplant region. We coded etiology of liver disease as hepatitis C (HCV), hepatitis 

B (HBV), alcoholic (EtOH), non-alcoholic fatty liver (NAFLD), autoimmune, or other 

(including hemochromatosis, sarcoidosis, and inborn metabolic diseases, among other rarer 

etiologies). For additional analyses, we also categorized etiology of liver disease as viral or 

non-viral. Maximum pre-transplant AFP was binned into a four-level categorical variable, 

with levels adapted from prior studies (≤20ng/mL, 21–99ng/mL, 100–499ng/mL, and 

≥500ng/mL).7,8,27,28 We also obtained AFP levels immediately prior to LT for a sensitivity 

analysis (detailed below), although studies suggest that maximum and immediate pre-LT 

AFP perform similarly in HCC recurrence models.9,29 This was defined as the most recent 

AFP level reported to UNOS prior to LT. Finally, survival time was computed for all patients 

from the time of HCC recurrence. This was done to avoid issues of immortal time bias, 

which could impact results if follow-up time was measured from the time of LT.30

Patient Characteristics and HCC Recurrence Trends

Standard descriptive statistics were used to summarize the analytic cohort, including 

medians and interquartile ranges (IQRs) for continuous variables. The time to HCC 

recurrence was computed for each patient, and these values were compared among 

maximum pre-transplant AFP categories using box plots and the Kruskal-Wallis test. We 

repeated this analysis with cohorts restricted to HCC recurrence less than 60 months, and 

less than 36 months, as limited literature suggests that “recurrence” may in fact be de novo 
disease beyond these timepoints.31,32 In order to visualize trends of HCC cases and 

mortality rates over time, we collapsed the dataset around computations of one-year 

mortality rates and total number of cases as a function of calendar year of recurrence. We 

also computed yearly HCC recurrence rates, and graphed these data using overlaid 

connected scatterplots.

Primary Analysis

For the primary analysis, the exposure of interest was maximum pre-transplant AFP 

category, as defined above. The outcome of interest was time to death after HCC recurrence, 

using a 36-month maximum follow-up interval. The Kaplan-Meier estimator was used to 
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create unadjusted survival curves, stratified by maximum pre-transplant AFP category. The 

log-rank test was performed to compare these curves, using with an alpha = 0.05 threshold 

for statistical significance. Univariate Cox regression analysis was then performed to 

identify candidate predictors of interest using an alpha = 0.15 threshold for testing in 

subsequent multivariable models. Variables tested are summarized in Supplemental Table 1. 

Multivariable Cox regression was performed through backward and forward stepwise 

selection techniques, using alpha = 0.05 as a threshold for variable retention. The Cox 

proportional hazards assumption was tested using log-log plots and the Score test using 

Schoenfeld residuals. Time-varying covariates were considered based on this data, and Cox-

adjusted survival curves were then plotted, stratified by pre-transplant maximum AFP 

category.

Secondary Analysis

In order to evaluate the relationship between maximum pre-LT AFP and post-LT HCC 

survival in patients where the diagnosis of recurrence versus de novo HCC was potentially 

unclear (i.e., those with HCC >36 months after LT), we performed a subgroup analysis of 

patients with post-LT HCC in the 36 to 60 month window, and an additional analysis of 

patients with HCC >60 months after LT. For each of these groups, we repeated the Kaplan-

Meier and Cox regression analyses above.

Sensitivity Analyses

First, although prior literature suggests that pre-transplant maximum AFP performs similarly 

to immediate pre-transplant AFP in post-transplant HCC models,9,29 as noted above, we 

opted to perform a sensitivity analysis using immediate pre-transplant AFP. For these 

analyses, we replicated the Kaplan-Meier and Cox regression methods, as detailed above, 

using immediate pre-transplant AFP rather than pre-transplant maximum AFP. Second, in 

order to explore possible changes in HCC recurrence survival dynamics resulting from 

changes in HCC transplantation policy over time, we performed an additional stratified Cox 

regression analysis by era. Prior to 2006, patients with HCC were overprioritized relative to 

non-HCC LT indications, receiving up to 29 exception points for T2 lesions (in 2002), and 

exception points for T1 lesions (prior to 2004).33,34 During the 2005 calendar year, the 

policy was amended to award 22 MELD exception points for T2 lesions alone. As such, we 

defined pre- and post-2006 era for stratified analyses. Third, given the possibility that 

observed associations could be due to LT performed outside of standard indications, we 

excluded patients outside Milan criteria (n=76) or with maximum pre-LT AFP >1,000 

(n=88), and repeated the analysis. Fourth, because some post-LT HCC cases diagnosed long 

after more LT may represent de novo HCC rather than true recurrence, we excluded patients 

with HCC diagnosed >60 months post-LT (n=128) in an additional analysis. Fifth, to address 

possible bias produced by excluding patients with simultaneous report of HCC recurrence 

and death (n=320), we arbitrarily imputed an HCC recurrence diagnosis date one half year 

prior to reported death for these patients, and reintroduced them into the cohort for Cox 

regression analysis. In a final sensitivity analysis, we excluded patients who were waitlisted 

for <6 months, noting 2015 UNOS policy changes mandating a 6-month waiting period 

prior to awarding of HCC exception points.35
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Results

Patient Characteristics and HCC Recurrence Characteristics

We identified a total 1,484 patients with HCC recurrence during the study window, of which 

1,164 were included in the primary analytic cohort (Supplemental Figure 1). The cohort was 

predominantly male, white, with median age 58 years, and primarily reflected hepatitis C-

related liver disease (Table 1). The overall median time to HCC recurrence was 11.6 months 

(IQR 6.1–26.3), with shorter time to recurrence with increasing maximum pre-transplant 

AFP category (Figure 1; p=0.01). This trend was also observed with immediate pre-

transplant AFP (data not shown; p=0.03). When restricting the cohort to 60-month 

recurrence, the trend was similar but no longer statistically significant (p=0.06), and the 

trend was abolished when restricted to 36-month recurrence (p=0.95). The absolute annual 

number of HCC recurrence cases increased overall since 2003, however the one-year 

mortality rate remained generally unchanged (Figure 2). The annual rates of HCC recurrence 

fluctuated from 9.7% to 17.6%, with a modest decrease in rates over time.

Kaplan-Meier Survival Analysis

The overall median survival time after HCC recurrence was 13.2 months (IQR 6.1–29.7). 

Median survival was significantly shorter with increasing maximum pre-transplant AFP 

levels (Figure 3, p<0.001). As an example, median survival for patients with pre-transplant 

AFP ≥500 was 12.8 months (95% confidence interval [CI] 10.2–15.7), in contrast to 26.8 

months (95% CI 21.8–30.7) for those with pre-transplant AFP ≤20. Similar results were 

obtained using immediate pre-transplant AFP categories (Supplemental Figure 2, p<0.001).

Cox Regression Analysis

After univariate Cox regression analysis, the preliminary multivariable Cox regression 

model by both selection strategies included age at transplant, pre-transplant MELD, time to 

HCC recurrence, and maximum pre-transplant AFP category. This model, however, violated 

the proportional hazards assumption (Score test global p=0.03, time to HCC recurrence p-

value<0.01). As such, time to HCC recurrence was modeled as a time-varying covariate. The 

final multivariable Cox regression model incorporating this time interaction variable 

satisfied the proportional hazards assumption (Table 2; Score test global p=0.61). Increasing 

maximum pre-transplant AFP category was associated with an increasing hazard of death 

(Figure 4; p<0.01), with a 1.6-fold higher risk of death for patients with pre-transplant AFP 

≥500ng/mL relative to those with AFP ≤20ng/mL. Similar results were obtained using 

immediate pre-transplant AFP (Supplemental Table 2, Supplemental Figure 3). In all 

models, we did not find etiology of liver disease, or a stratification of viral versus non-viral 

liver disease, to be a significant predictor of survival after HCC recurrence. When stratifying 

the Cox regression models by transplantation policy era, increasing maximum pre-transplant 

AFP was significantly associated with poorer survival in both the pre- and post-2006 eras, 

adjusting for associated risk factors as before (Supplemental Table 3). The observed 

association between increasing pre-LT AFP and HCC recurrence survival was also similar 

when excluding patients outside of Milan criteria or with maximum pre-LT AFP >1,000 

(Supplemental Table 4), and when isolating patients with post-LT HCC diagnosed within 60 

months of transplant (Supplemental Table 5). Reintroduction of the 320 excluded HCC 

Mahmud et al. Page 5

Clin Transplant. Author manuscript; available in PMC 2020 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



recurrence patients with imputation of recurrence dates modestly attenuated the point 

estimates of the association between maximum pre-transplant AFP and survival, relative to 

the primary analysis, but the trend was unchanged (Supplemental Table 6). Finally, when 

restricting the analysis cohort to patients on the waiting list for at least 6 months (n=455), we 

found that elevated pre-transplant AFP was still associated with poorer survival among 

patients with HCC recurrence (Supplemental Table 7; p=0.01). However, the hazard ratio for 

the 100–499ng/mL category was numerically higher than the ≥500ng/mL category.

Discussion

In this large retrospective study of national transplant registry data, we reached several 

important conclusions regarding patients with post-transplant HCC recurrence. First, we 

report poor overall survival for patients with post-transplant HCC recurrence. Second, we 

found that increasing pre-transplant AFP levels corresponded to shorter time to HCC 

recurrence. Finally, and most importantly, we identified pre-transplant AFP as an 

independent risk factor for survival among patients with HCC recurrence, adjusting for 

associated risk factors. Importantly, this novel finding is not only biologically plausible, but 

also has clinical implications, as will be discussed herein.

To our knowledge, this is the largest study of post-transplant HCC recurrence survival and 

associated risk factors. Our estimates of survival in this cohort (median 13.2 months) are in 

agreement with the existing literature, although it is admittedly sparse. In a single-center 

study of 106 patients with post-transplant HCC recurrence, Bodzin et al reported a median 

survival of 10.6 months.36 Another single-center study of 57 patients found a median 

survival of 12.2 months.37 The largest study prior to ours was a meta-analysis that included 

1,021 patients with HCC recurrence, reporting a median survival of 12.97 months.38 An 

added finding in our study is that from 2003 to 2015, the one-year mortality rate for HCC 

recurrence has been essentially unchanged with similar rates of HCC recurrence. This 

implies that advances in treatment options for patients with HCC recurrence have not 

meaningfully impacted patient survival thus far, or that higher risk patients are being 

transplanted over time.

The second major finding in this study is that pre-transplant AFP level is associated with 

earlier time to HCC recurrence, possibly related to the previously described association 

between increased AFP and features of tumor aggressiveness.19–22 Although numerous prior 

studies have found pre-transplant AFP to be a positive risk factor for HCC recurrence,7–10 

no studies have explicitly evaluated the time at which those recurrences occur as a function 

of AFP. Interestingly, restricting the cohort to recurrences within 60 or 36 months attenuated 

the association, indicating that elevated pre-transplant AFP confers increased risk of HCC 

recurrence even at longer timepoints. This suggests that HCC beyond 36–60 months post-

transplant may in fact represent recurrence rather than de novo disease, as is often stated in 

the literature. These insights have relevance for the primary novel finding in this study, that 

pre-transplant AFP (using either maximum or immediate pre-transplant values) is 

independently associated with survival after post-transplant HCC recurrence. Importantly, 

this finding is adjusted for time to HCC recurrence, which we identified as a time-varying 

covariate. These findings strongly suggest that post-transplant recurrence of pre-transplant 
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HCC may inherit features of aggressiveness that are present and evaluable at the time of 

transplant listing. This is an important statement regarding the biology of HCC recurrence 

that has been missing from the literature, and which helps to explain the reason that pre-

transplant AFP is strongly associated with post-transplant survival. Our results were also 

consistent when stratifying by transplantation policy era, implying that the association 

between pre-transplant AFP level and post-recurrence survival is biologically based as 

opposed to an artifact of policy change.

The clinical implications of our findings, in aggregate with the existing literature 

surrounding pre-transplant AFP, are significant in several ways. First, in patients with HCC 

who are borderline candidates for LT, a high AFP signals not only increased risk for HCC 

recurrence, but shorter time to recurrence as well as poorer survival if recurrence does 

develop. This may foster improved patient selection for LT. Indeed, our data support and 

strengthen the case for the recent changes in UNOS policy that mandate that patients with 

T2 HCC are eligible for a standard MELD exemption only with an AFP level ≤1,000ng/ml.
39 Second, noting that there are currently no guideline-based protocols for post-LT HCC 

recurrence surveillance,40,41 our data suggest that patients with high pre-transplant AFP may 

warrant closer surveillance than those with lower pre-transplant AFP. Third, in patients who 

have experienced post-transplant HCC recurrence, this study provides an added data point 

with which to deliver prognostic information. Fourth, our data suggest that while the 2015 

UNOS-mandated 6-month waiting period may have mitigated some degree of poor 

prognosis in HCC recurrence for high pre-transplant AFP patients, an alternative explanation 

is that the risk has simply been shifted to lower AFP groups. Indeed, in our final sensitivity 

analysis we found a notably higher risk of death in the 100–499ng/mL pre-transplant AFP 

category relative to the ≥500ng/mL category. This may reflect locoregional therapies and 

downstaging during the waiting period that serve to decrease AFP, but do not change the 

phenotypic aggressiveness of the tumor. Finally, given mounting evidence that significant 

reduction in high pre-transplant AFP improves post-transplant outcomes,42 one might 

speculate that HCC recurrence with high pre-transplant AFP may warrant more aggressive 

therapy up front.

There are several limitations to discuss in this work. First, as a national registry database 

study, there is likely some degree of misclassification of outcomes. Although we used a 

validated algorithm to identify patients with HCC recurrence, it is likely that some events 

were missed and thus we expect to have slightly underestimated the number of HCC 

recurrences in this study. We would not expect this to systematically impact the primary 

conclusions of the study, as the possible misclassification in the outcome is unlikely to be 

related to pre-transplant AFP. Second, we did not incorporate known predictors of patient 

survival that are determined at the time of HCC recurrence. In particular, bony metastasis at 

the time of recurrence is a poor prognostic factor.36,37 This granularity of data (i.e., imaging 

characteristics of recurrence, AFP at time of recurrence, subsequent treatment, etc.), is not 

present in the UNOS dataset, and as such this risk factor was omitted. However, we would 

expect that pre-transplant AFP would precede bony metastasis in a causal model, as patients 

are presumably transplanted without known metastasis. Third, explant pathology was not 

available throughout the study period as UNOS mandated this beginning in April 2012. 

Therefore, it is unclear if patients with elevated AFP had pathology characteristics that 

Mahmud et al. Page 7

Clin Transplant. Author manuscript; available in PMC 2020 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



might contribute to differences in survival. Finally, there is likely some degree of selection 

bias imposed by our exclusion of patients with simultaneous reported HCC recurrence and 

post-transplant death. This is another limitation of the UNOS dataset, as transplant centers 

are only required to submit updated post-transplant information on an annual basis. As such, 

many patients with HCC recurrence are reported as recurring and dying at the same time, 

and thus not meaningfully contributing to survival data. Although it is difficult to predict the 

direction of this bias, we would expect to exclude patients who recurred and died within the 

same year. Thus, we may be slightly overestimating HCC recurrence survival in this study. 

This could explain the small differences from other literature cited above, although the 

magnitude of the bias appears to be small. Indeed, when imputing the expected value of 

HCC diagnosis date for excluded patients in a sensitivity analysis, the primary results were 

unchanged. Furthermore, as before, this limitation reflects an artifact of the data collection 

mechanism, rather than a true association between pre-transplant AFP category and 

likelihood of study exclusion.

In conclusion, we have found that HCC recurrence mortality remains extremely high, and 

has been unchanged over a 13-year period. Pre-transplant AFP is independently associated 

with post-transplant HCC recurrence survival, suggesting that elevated levels reflect 

increased tumor aggressiveness that is present even with recurrent disease. Although further 

research is needed to validate these findings prospectively and improve our understanding of 

the full implications and mechanisms behind AFP elevation and their significance in 

predicting HCC trajectories, our results may facilitate improved LT selection, as well as 

more accurate prognostication for patients who experience HCC recurrence.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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AFP alpha fetoprotein

BMI body mass index

EtOH alcoholic liver disease

HBV hepatitis B virus

HCC hepatocellular carcinoma

HCV hepatitis C virus

IQR interquartile range

LT liver transplantation
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MELD model for end-stage liver disease

NAFLD non-alcoholic fatty liver disease

UNOS United Network for Organ Sharing
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Figure 1 - 
Time to HCC Recurrence by Maximum Pre-transplant AFP Category (ng/mL)
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Figure 2 - 
Trends in HCC Recurrence Cases and Mortality over Time
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Figure 3 - 
Kaplan-Meier Survival Curves by Maximum Pre-transplant AFP Category (ng/mL)
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Figure 4 - 
Cox Regression-Adjusted Survival Curves by Maximum Pre-transplant AFP Category 

(ng/mL)
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Table 1 -

Patient Characteristics (N = 1164)

Variable Value

Age at Transplant (years), median (IQR) 58.0 (54.0, 63.0)

Age at HCC Recurrence, median (IQR) 59.0 (55.0, 65.0)

Female sex 221 (19.0%)

Race

 White 809 (69.5%)

 Black 96 (8.2%)

 Hispanic 140 (12.0%)

 Asian 108 (9.3%)

 Other 11 (0.9%)

Diagnosis

 Hepatitis C virus 721 (61.9%)

 Hepatitis B virus 78 (6.7%)

 Alcoholic liver disease 85 (7.3%)

 Non-alcoholic fatty liver disease 79 (6.8%)

 Autoimmune 25 (2.1%)

 Other 176 (15.1%)

MELD at Listing, median (IQR) 11.0 (8.0, 15.0)

BMI at Listing, median (IQR) 27.9 (25.0, 31.5)

Months on Waiting List, median (IQR) 4.2 (1.5, 9.4)

Immediate pre-LT AFP Category

 ≤20ng/mL 529 (47.3%)

 21–99ng/mL 280 (25.0%)

 100–499ng/mL 191 (17.1%)

 ≥500ng/mL 119 (10.6%)

Maximum pre-LT AFP Category

 ≤20ng/mL 497 (42.7%)

 21–99ng/mL 296 (25.4%)

 100–499ng/mL 230 (19.8%)

 ≥500ng/mL 141 (12.1%)

Number of Viable Tumors on Last pre-LT Imaging

 1 832 (71.5%)

 2 216 (18.6%)

 3 107 (9.2%)

 4 or more 9 (0.8%)

Largest Tumor on Last pre-LT Imaging (cm), median (IQR) 2.5 (1.6, 3.3)

Within Milan Criteria on Last pre-LT Imaging 1088 (93.5%)

Locoregional Therapy Prior to Transplant 855 (73.5%)
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Variable Value

Downstaged Prior to Transplant 26 (2.2%)

Prior Surgical Tumor Resection 18 (1.5%)

Cold Ischemia Time (Hours), median (IQR) 6.4 (5.0, 8.1)

Time to HCC Recurrence (months), median (IQR) 11.6 (6.1, 26.3)

HCC Recurrence Survival (months), median (IQR) 13.2 (6.1, 29.7)

Abbreviations: IQR, interquartile range; HCC, hepatocellular carcinoma; MELD, model for end-stage liver disease; BMI, body mass index; LT, 
liver transplantation; AFP, alpha fetoprotein
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Table 2 -

Multivariable Cox Regression Model Predicting HCC Recurrence Survival

Variable Hazard Ratio 95% Confidence Interval P value

Age at transplant (per 5 years) 1.06 (1.01 – 1.11) 0.03*

MELD score (per 5 points) 1.07 (1.02 – 1.13) <0.01*

Maximum pre-transplant AFP category (ng/mL; ref ≤20)

 21–99 1.25 (1.04 – 1.50) 0.02*

 100–499 1.45 (1.20 – 1.76) <0.001*

 ≥500 1.61 (1.28 – 2.02) <0.001*

Time to HCC recurrence (per month) 0.99 (0.99 – 1.00) 0.12

Time to HCC recurrence (TVC) 1.00 (1.00 – 1.00) <0.01*

MELD = model for end-stage liver disease, AFP = alpha fetoprotein, HCC = hepatocellular carcinoma, TVC = time-varying covariate

*
p < 0.05

**
Sex and transplant region were significant on univariate analysis but not retained in multivariable models
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