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Validation of the prognostic power of the RETREAT score for 
hepatocellular carcinoma recurrence using the UNOS database

Neil Mehta1, Jennifer L. Dodge2, John P. Roberts2, and Francis Y. Yao1,2

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

2Division of Transplant Surgery, Department of Surgery, University of California, San Francisco, 
CA, USA

Abstract

Researchers in a recent multicenter study developed and validated a novel prognostic index, Risk 

Estimation of Tumor Recurrence After Transplant (RETREAT), which incorporates α-fetoprotein 

(AFP) at liver transplantation (LT), microvascular invasion, and the sum of the largest viable tumor 

and number of tumors on explant. We now aim to evaluate RETREAT in the United Network for 

Organ Sharing (UNOS) database in patients with hepatocellular carcinoma (HCC) who meet 

Milan criteria by imaging and underwent LT between 2012 and −2014. On explantation (n = 

3276), 13% had microvascular invasion, 30% had no viable tumor, and 15% exceeded Milan 

criteria. Post-LT survival at 3 years decreased with increasing RETREAT score: 91% for a score of 

0, 80% for a score of 3, and 58% for a score ≥5 (P < .001). Post-LT HCC recurrence probability 

within 3 years increased from 1.6% with RETREAT score of 0% to 29% for a score ≥5 (P < .001). 

Increasing RETREAT score was also associated with a shorter time to HCC recurrence. 

RETREAT was superior to Milan criteria (explant) in predicting HCC recurrence by the net 

reclassification index (P < .001). This study validates the prognostic power of RETREAT, which 

may help standardize post-LT surveillance, provide a framework for tumor staging and risk 

stratification, and select candidates for adjuvant therapies.
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classification systems: Milan criteria; clinical research/practice; health services and outcomes 
research; liver disease: malignant; liver transplantation/hepatology; organ procurement and 
allocation; Organ Procurement and Transplantation Network (OPTN); recurrent disease; United 
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1 | INTRODUCTION

During the past 2 decades, liver transplantation (LT) has secured its place as a curative 

treatment for selected patients with hepatocellular carcinoma (HCC). Despite adherence to 
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the Milan criteria1 (1 lesion ≤5 cm, 2–3 lesions ≤3 cm) under the Model of End-stage Liver 

Disease (MELD) allocation policy for priority listing since 2002, tumor recurrence still 

occurs in up to 15% after LT.2–4 The downstream effect of HCC recurrence is the 

significantly lower survival compared with those without recurrence.5 Furthermore, tumor 

recurrence is largely the reason for the slightly inferior post-LT survival for patients with 

HCC compared with those without HCC.6,7 This is a particularly important problem facing 

the transplant community as HCC now accounts for more than 20% of all LTs performed in 

the United States, compared with less than 5% in the early 2000s.8 Only 10% to 30% of 

recurrent HCCs are eligible for curative therapies including resection or ablation.5,9 While 

the median survival after HCC recurrence was less than 1 year,4,5 those with recurrent HCC 

amenable to resection or ablation may achieve a 50% survival at 3 to 5 years after 

recurrence.9,10

Until recently, there has been no validated prognostic score for HCC recurrence that includes 

both pre-LT factors and explant tumor characteristics to accurately quantify an individual’s 

risk for recurrence. Such a prognostic index, while not intended to improve candidate 

selection before LT, would help identify candidates for adjuvant therapies and determine 

appropriate post-LT HCC surveillance, which is currently not standardized and varies widely 

in practice across LT centers.2,4

Researchers in a large multicenter study recently developed and validated the Risk 

Estimation of Tumor Recurrence After Transplant (RETREAT) score incorporating 3 

variables that independently predicted post-LT HCC recurrence: microvascular invasion, α-

fetoprotein (AFP) at LT, and the sum of the largest viable tumor diameter and number of 

viable tumors on explant11 (Table 1). Among patients with HCC meeting Milan criteria 

before LT, RETREAT was able to stratify 5-year post-LT tumor recurrence risk from less 

than 3% for those with a score of 0 to greater than 75% for a score of 5 or greater. A 

potential limitation of this study is the significantly higher HCC recurrence rate in the 

validation cohort compared with the development cohort, despite including only patients 

with HCC meeting Milan criteria prior to LT. Since the RETREAT score was derived from 

high-volume LT centers, the validity of the RETREAT score when applied on a broader 

scale has not been tested.

Since April 2012, United Network for Organ Sharing (UNOS) has captured explant 

pathology data in patients with HCC undergoing LT with MELD exception. This invaluable 

addition allows examination of histopathologic tumor staging as well as clinical-pathologic 

correlations in the largest database available. Another advantage of the UNOS database is 

the comprehensive collection of data across the country so that the overall reported outcome 

should not be significantly affected by center-specific differences in clinical practice. The 

aim of the present study is to evaluate the performance of RETREAT in patients transplanted 

for HCC who meet Milan criteria by imaging in the UNOS database since the initiation of 

the explant pathology file.

Mehta et al. Page 2

Am J Transplant. Author manuscript; available in PMC 2019 April 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2 | PATIENTS AND METHODS

2.1 | Study design and patient population

This study included patients in the UNOS database (Standard Transplant Analysis and 

Research files released in March 2016) aged 18 years and older who received MELD 

exception for HCC and underwent LT between April 2012 and December 2014. This study 

start date was chosen as it was when the UNOS/Organ Procurement and Transplantation 

Network (OPTN) explant pathology form became available. LT centers were required to 

enter the size, location, and percent necrosis of each of the 5 largest tumors along with the 

worst tumor differentiation and the presence of microvascular or macrovascular invasion. 

Additional data, including lymph node involvement, extrahepatic spread, and presence of 

satellite lesions, were also captured on this form. Patients were excluded from the study if 

their radiographic tumor burden ever exceeded Milan criteria on any exception petition. 

Additionally, those without evidence of HCC on explantation who had not received 

locoregional therapy (LRT) before LT (ie, HCC misdiagnosis) and patients with either 

intrahepatic cholangiocarcinoma or mixed HCC/cholangiocarcinoma on explant were also 

excluded. Patients in whom the RETREAT score could not be calculated due to either lack 

of AFP within 90 days of LT or unknown explant tumor burden were also excluded.

Study variables collected from the UNOS database at the time of listing with MELD 

exception included age, sex, race/ethnicity, etiology of liver disease, MELD score, size and 

number of HCC lesions, and AFP. The percentage of patients who underwent LRT while on 

the waitlist and the time from listing to LT were also collected, as was the number of LTs 

performed at each center for HCC during the study period. Per UNOS listing policy, patients 

underwent contrast-enhanced computed tomography or magnetic resonance imaging at a 

minimum of once every 3 months after listing for LT.

2.2 | LT-related variables and RETREAT score calculation

The 3 components of the RETREAT score (AFP, microvascular invasion, and largest viable 

tumor plus number of viable tumors) were collected from the UNOS exception and explant 

data files. The AFP closest to the date of LT (within 90 days of LT) was obtained from the 

liver exception data. Presence of microvascular invasion, size of the largest viable tumor (in 

centimeters) plus number of viable lesions (to calculate the explant pathology score), and 

tumor necrosis data were obtained from the explant data. Explant pathology was also 

reviewed to determine histologic grade based on the modified Edmondson criteria (grade 1: 

well differentiated; grade 2: moderately differentiated; and grade 3: poorly differentiated).12

The methods used to create the RETREAT score have previously been described.11 An 

individual’s RETREAT score (range 0–8) is calculated by adding the assigned points for 

each of the 3 components (Table 1). The sum of the size of the largest viable tumor (in 

centimeters) on explantation and the number of viable lesions on explantation were 

calculated, and completely necrotic tumors were excluded from the calculation. For 

example, if there were 3 lesions on explantation—2 viable lesions measuring 4 cm and 3 cm 

and a single completely necrotic lesion measuring 5 cm, the completely necrotic lesion 

would not be counted and the sum of the largest diameter of viable tumor and number of 
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viable tumors would be 6 (4 = diameter of the largest lesion + 2 = number of viable tumors). 

If no viable tumors were identified, the sum of the largest tumor diameter plus the number of 

viable tumors would equal 0. A patient who has an AFP at LT of 0 to 20 and on explantation 

no microvascular invasion and only completely necrotic tumor(s) has a RETREAT score of 

0.

2.3 | HCC recurrence

To identify patients with post-LT HCC recurrence, liver malignancy follow-up data and 

cause of death variables underwent physician review (N.M.). Records indicating 

posttransplantation recurrence of pretransplantation malignancy or a cause of death 

indicating HCC or metastatic malignancy were classified as having HCC recurrence.

2.4 | Statistical analysis and validation of the RETREAT score

Clinical and tumor characteristics were described with medians and interquartile ranges 

(IQRs) or frequency and percentages. Characteristics were compared by RETREAT score 

with the use of Kruskal–Wallis or χ2 tests to assess statistical differences. Observed HCC 

recurrence and post-LT survival probabilities and 95% confidence intervals (CIs) were 

estimated at 1 and 3 years by using the Kaplan–Meier method and compared by RETREAT 

score by using the log-rank test. The ability of the RETREAT score model to discriminate 

between events and nonevents, for the outcome of HCC recurrence, was assessed by using 

the overall C-index13 with bootstrap 95% CIs. For the primary outcome, HCC recurrence, 

net reclassification index14 evaluated improvement in model performance by quantifying the 

proportion of correct risk reclassification when using RETREAT score versus explant-based 

Milan criteria to predict risk. Net reclassification improvement was evaluated at 1 and 3 

years post-LT by using a priori recurrence risk categories (<5%, 5% to <10%, 10% to <20%, 

and ≥20%). Correct risk reclassification occurred when RETREAT score–predicted 

probabilities reclassified patients with recurrence into higher risk categories and patients 

without recurrence into lower risk categories compared with estimates by explant Milan 

criteria.

3 | RESULTS

3.1 | Patient and center characteristics

Among the 4519 patients initially identified, 439 patients exceeded Milan criteria (by 

imaging information) on at least 1 MELD exception petition and therefore were excluded. 

Of the remaining 4080 patients with HCC always within Milan criteria who underwent LT, 

68 were excluded due to explant demonstrating either cholangiocarcinoma (n = 13), 

unknown tumor burden (n = 20), or no HCC despite lack of LRT before LT (n = 35). Of the 

4012 patients with available explant information, 736 patients did not have information on 

AFP within 90 days of LT and were also excluded. The remaining 3276 patients formed the 

final cohort (Figure 1).

The baseline characteristics of the final study cohort are summarized in Table 2. The median 

age at listing with MELD exception was 60 years (IQR 56–63) and 76.7% were men. The 

most common race/ethnicities were white (69.0%), Hispanic (13.4%), African American 
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(9.3%), and Asian (7.1%). Hepatitis C was the most common cause of liver disease (62.8%), 

followed by nonalcoholic fatty liver disease (8.0%), alcoholic liver disease (7.3%), and 

hepatitis B (5.5%). At the time of listing with MELD exception, the actual median MELD 

score was 11 (IQR 8–15). Median AFP level at listing was 14 ng/mL (IQR 6.3–84). The 

majority (77.6%) of patients had a single lesion, and only 5.2% had 3 lesions at listing.

While on the waitlist, 91.1% received at least 1 LRT, and the median wait time from listing 

with MELD exception to LT was 5.0 months (IQR 2.3–10.0). LT was performed at 113 

centers with a median of 25 (IQR 11–41) LTs performed per center. Just over half of the 

patients (52.0%) underwent LT at 1 of the 29 centers (25.7%) that performed more than 40 

LTs for HCC during the study period.

3.2 | Tumor characteristics at transplantation and RETREAT score distribution

In the explant, the tumors showed complete necrosis with no viable tumor as a result of LRT 

in 30.4%, were within Milan criteria in 55.4%, and were understaged to beyond Milan 

criteria in 14.2%. Macrovascular invasion was found in 1.7%. Among patients with viable 

tumors in the explant, most had either well-differentiated (31.8%) or moderately 

differentiated HCC (59.0%), while only 9.2% had poorly differentiated tumor grade.

Tumor characteristics at the time of LT used to calculate the RETREAT score are shown in 

Table 3. Median AFP at the time of LT was 9.0 ng/mL (IQR 4.0–26). AFP was 20 or less in 

69.5%, 21 to 99 in 19.8%, 100 to 999 in 9.7%, and 1000 or greater in 0.9%, for which 

patients received 0, 1, 2, or 3 RETREAT points, respectively. Microvascular invasion was 

found in 12.7%, and these patients received an additional 2 points. The sum of the largest 

viable tumor size (in centimeters) plus number of viable lesions was 0 in the 30.4% with 

completely necrotic tumor(s), 1 to 4.9 in 48.0%, 5 to 9.9 in 20.8%, and greater than 10 in 

0.8% giving these patients an additional 0, 1, 2, or 3 points, respectively (Table 3). Total 

RETREAT score was 0 in 23.2%, 1 in 33.8%, 2 in 19.7%, 3 in 11.6%, 4 in 7.1%, and 5 or 

higher in 4.7%.

3.3 | Posttransplant outcomes stratified by RETREAT score

Median post-LT follow-up was 1.9 years (IQR 1.0–2.2). Overall post-LT survival was 93.1% 

(95% CI 92.1–93.9) at 1 year and 83.2% (95% CI 81.3–85.0) at 3 years. Post-LT survival 

decreased with increasing RETREAT score. For example, at 3 years post-LT, observed 

survival was 90.7% for a score of 0, 79.9% for a score of 3, and only 58.3% for a score of 5 

or higher (P < .001) (Figure 2).

HCC recurrence was found in 4.4% (145/3276) at a median of 11.3 months (IQR 6.3–18.8) 

after LT. Overall, the rate of post-LT HCC recurrence was 2.5% (95% CI 2.0–3.1) at 1 year 

and 6.9% (95% CI 5.7–8.2) at 3 years. Similar to the results for post-LT survival, recurrence 

increased with increasing RETREAT score. Observed probability of post-LT HCC 

recurrence at 3 years was 1.6% in patients with a RETREAT score of 0, 8.4% with score of 

3, and 29.0% for a score of 5 or higher (P < .001) (Figure 3).

We also sought to determine if RETREAT score was associated with either time from LT to 

HCC recurrence or time from HCC recurrence to death among patients with events. Patients 
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with a high RETREAT score of 4 or higher had a median time from LT to recurrence of 10.9 

months (IQR 5.1–17.9, n = 60), which was significantly shorter than for patients with a low 

RETREAT score of 0 to 1 whose time from LT to recurrence was 14.0 months (IQR 8.8–

23.0, n = 38) (P = .03). Median time from HCC recurrence to death was 4.5 months (IQR 

0.5–9.9, n = 99) and was similar across all RETREAT scores (P = .98). We also found no 

statistically significant differences in etiology of liver disease among the low- and high-risk 

HCC recurrence groups.

3.4 | RETREAT score vs Milan criteria

For HCC recurrence prediction, RETREAT performed well in the study cohort with a C-

index of 0.75 (95% CI 0.71–0.79) and appeared superior to the Milan criteria by explant (C-

index 0.63, 95% CI 0.59–0.67). RETREAT performed well regardless of center volume with 

a C-index of 0.77 (95% CI 0.71–0.83) for centers that performed 40 or fewer LTs for HCC 

during the study period and 0.73 (95% CI 0.68–0.78) for centers that performed more than 

40 LTs.

The overall net reclassification index at 1 year post-LT was 0.17 (P = .001), showing 

statistically significant improvement in risk classification for RETREAT compared with 

Milan criteria at explantation. Improvement was primarily among patients with HCC 

recurrence, where 27% were correctly assigned to a higher risk category and 10% were 

incorrectly assigned to a lower risk category (net relative improvement 17%, P = .001). 

Among nonevents, 8% were correctly reclassified to a lower risk category and 7% were 

incorrectly assigned to a higher risk category, resulting in no change in risk classification 

among nonevents (net relative improvement 1%, P = .32). RETREAT also improved risk 

reclassification at 3 years post-LT (overall net reclassification index 0.28, P < .001).

4 | DISCUSSION

The present study using the UNOS database has provided further evidence supporting the 

RETREAT score as a powerful prognostic index for patients undergoing LT for HCC within 

Milan criteria. The present study included 3 times the number of patients compared with the 

original study.11 We found that increasing RETREAT scores in the UNOS database not only 

predicted increased post-LT recurrence but also worse survival. The RETREAT score is 

strongly associated with the risk of HCC recurrence after LT, from 1.6% at 3 years for a 

score of 0, to 29% for a score of 5 or higher. Patients with a RETREAT score of 0 had 

excellent observed 3 year post-LT survival of 91%, whereas a RETREAT score of 5 or 

higher was associated with a significantly poorer 3 year post-LT survival of 58%. 

Additionally, RETREAT demonstrated improved prognostication for HCC recurrence 

compared with explant Milan criteria by both Harrell’s C-Index and the net reclassification 

index. To our knowledge, RETREAT represents the first HCC prognostic index for LT that 

has been validated. The present study only focused on validation of the RETREAT score for 

HCC always within Milan criteria before LT. Further studies should be undertaken to 

evaluate the prognostic power of RETREAT in patients transplanted for expanded HCC 

criteria or after tumor downstaging.
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Another important observation of the present study is that increasing RETREAT score is 

associated with a shorter time to HCC recurrence. Patients with a high RETREAT score of 4 

or higher recurred 11 months after LT and on average 3 months faster than patients with a 

low RETREAT score of 0 to 1. Early HCC recurrence has been shown to be a poor 

prognostic factor. In the study by Sapisochin et al,9 the 1 year survival (postrecurrence) was 

only 30% in patients with early HCC recurrence compared with 60% in those who had 

recurrence more than 1 year after LT. Similarly, Bodzin et al10 showed the worst survival in 

patients with HCC recurrence less than 7 months after LT, followed by those who had HCC 

recurrence between 7 and 15 months after LT. Our finding that higher RETREAT score is 

associated with early tumor recurrence continues to strengthen the notion that early tumor 

recurrence is an important signal of poor tumor biology. While time from HCC recurrence to 

death was similar across RETREAT scores in the present study, this may be due to short 

follow-up after HCC recurrence, because less than two-thirds with HCC recurrence in 

UNOS had died at the end of study follow-up compared with 82% in the Bodzin et al 

study10 and 80% in the Sapisochin et al study.9

The distribution of RETREAT scores in UNOS was similar to those scores seen in the 

original development cohort,11 with 23% having a RETREAT score of 0 (AFP ≤20 and no 

viable tumor or microvascular invasion on explant), 33% having a score of 1, and 12% 

having a score of 4 or higher. Given that some patients with HCC recurrence after LT are 

eligible for resection or ablation and can achieve long-term survival after these treatments,9 

tumor surveillance after LT remains useful. We believe that the RETREAT score helps 

determine whether HCC surveillance after LT is warranted. We have previously proposed 

guidelines for post-LT HCC surveillance strategy11 that have been implemented at our 

institution (Table 4). We believe that patients with a RETREAT score of 0 do not require 

surveillance, given their very low predicted HCC recurrence risk. This would be cost-saving 

and avoid unnecessary exposure to radiation and contrast media. Further studies addressing 

the cost-effectiveness and the survival benefit of surveillance for HCC recurrence should be 

undertaken within the context of the RETREAT score. A multicenter study is currently under 

way to prospectively evaluate the application of RETREAT in post-LT HCC surveillance.

In addition to guiding post-LT surveillance strategies, the RETREAT score could also 

potentially impact post-LT immunosuppression and adjuvant therapies. For patients with 

HCC undergoing LT, there has been a shift toward using mammalian target of rapamycin–

based immunosuppression at many centers because of possible antineoplastic properties.
15,16 While there are currently no proven posttransplantation adjuvant therapies, the list of 

potential future therapies is extensive and include liver allograft–derived natural killer 

cells17,18 and other T cells (ClinicalTrials.gov NCT02686372), radioimmunologic agents,19 

and immune checkpoint inhibitors (programmed cell death protein 1, programmed cell death 

protein 1 ligand, and cytotoxic T-lymphocyte–associated protein 4)20,21 as well as a host of 

epigenetic mechanisms.22 The RETREAT score not only identifies candidates at high risk 

for HCC recurrence but also provides a reference for the expected incidence of HCC 

recurrence, both of which are extremely important to properly design and to select 

appropriate candidates for future clinical trials. Those with a high risk for HCC recurrence 

based on a RETREAT score of at least 4 should be considered for enrollment into clinical 
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trials with adjuvant therapies given shortly after LT to reduce post-LT HCC recurrence risk, 

rather than waiting to treat patients after they have developed recurrent HCC.

Obviously, a priority for research in this field is to further improve candidate selection to 

limit HCC recurrence after LT. Some progress has been made by incorporating AFP23–25 

and response to LRT 26–29 in the selection of LT candidates with HCC within and beyond 

Milan criteria (downstaging). A fundamental problem facing the transplant community is 

inaccurate tumor staging by imaging before LT. There is inconsistent correlation between 

radiographic and pathologic tumor assessment with frequent understaging by imaging even 

after the implementation of the Liver Imaging Reporting and Data System.30 This is clearly 

an area that needs substantial improvements. The presence of microvascular invasion has 

been widely accepted as one of the most important factors associated with HCC recurrence 

after LT31 and is 1 of the 3 variables used in the RETREAT score. While microvascular 

invasion cannot be reliably ascertained before LT,31 there have been efforts to identify 

surrogates for microvascular invasion before LT, including the TRAIN (time–radiological 

response–AFP–inflammation) score32 and radiogenomic biomarkers.33,34 Nevertheless, the 

problem with HCC recurrence will not easily go away until we see a major breakthrough in 

the development of reliable biomarkers to identify candidates at high risk for HCC 

recurrence after LT who should be excluded from LT. Developing better post-LT strategies 

for preventing and treating HCC, guided by an accurate and validated prognostic scoring 

system, remains an important focus of future research.

There are several limitations of the present study. We excluded nearly 20% of the UNOS 

cohort due to missing information on AFP at the time of LT. Some potential risk factors for 

HCC recurrence, including neutrophil:lymphocyte ratio35 and response to LRT, were not 

available in the UNOS database. However, RETREAT in part accounts for the effects of 

preoperative LRT as those with no viable tumor(s) as a result of complete response to LRT 

receive no added RETREAT points, reflecting a low risk for HCC recurrence.36,37 In 

addition, hepatitis C treatment history was not available in the UNOS database, and thus we 

could not assess the potential effects of treatment with direct-acting antivirals on 

posttransplantation HCC recurrence.38,39 Because the study period predates the widespread 

use of Interferon-free therapy, we do not believe that there is a significant impact of these 

treatments on posttransplantation HCC recurrence. Although the UNOS HCC recurrence 

data have been validated to exclude systematic underreporting and overreporting by centers,
40 no mandate requires centers to report HCC recurrence, and thus some cases of recurrence 

may have been misclassified. The median post-LT follow-up of 1.9 years in this study was 

also relatively short. These factors could have resulted in an underestimation of the overall 

cumulative incidence of HCC recurrence (4.4% in this UNOS validation cohort vs 11.6% in 

the original development cohort11). Despite this limitation, our analysis has demonstrated 

that a higher RETREAT score predicts not only greater risk for HCC recurrence but also 

worse post-LT survival. Finally, there were notable differences in this UNOS cohort 

compared with our original development cohort,11 including a lower percentage with 

hepatitis B (5.5% vs 16%), shorter wait time to LT (5 vs 8 months), and a lower percentage 

beyond Milan on explant (14% vs 22%) in the UNOS cohort. Despite these variations, the 

RETREAT score still performs well in this national cohort and center-specific differences in 

clinical practice do not seem to affect the prognostic power of the RETREAT score.
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In conclusion, RETREAT is a simple and novel risk score for predicting individual risk for 

HCC recurrence after LT. This study validated RETREAT as a prognostic scoring system 

when applied on a broader scale using the UNOS database. RETREAT also outperformed 

the Milan criteria in predicting HCC recurrence. This prognostic score may help standardize 

post-LT HCC surveillance strategies, provide a framework for tumor staging and risk 

stratification, and select appropriate candidates for adjuvant therapies.
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TRAIN time–radiological response–AFP–inflammation

UNOS United Network for Organ Sharing
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FIGURE 1. 
Flow diagram with exclusion criteria describing the formation of the study cohort [Color 

figure can be viewed at wileyonlinelibrary.com]
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FIGURE 2. 
Observed probability of post–liver transplantation survival stratified by RETREAT score
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FIGURE 3. 
Observed 3-year post–liver transplantation hepatocellular carcinoma recurrence stratified by 

RETREAT score. The C-index was 0.75 for this validation cohort
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TABLE 1

RETREAT score points table created based on predictors of HCC recurrence

Predictor

RETREAT

points
b

AFP at LT, ng/mL

 0–20 0

 21–99 1

 100–999 2

 ≥1000 3

Presence of microvascular invasion 2

Explant largest viable tumor diameter + number of viable tumors

 0
a 0

 1–4.9 1

 5–9.9 2

 ≥10 3

AFP, α-fetoprotein; HCC, hepatocellular carcinoma; LT, liver transplantation; Ref, reference.

a
Explant largest viable tumor diameter + number = 0 if no viable tumor is identified.

b
The RETREAT score is obtained by adding the total number of points scored in each of the 3 variables (range 0–8). RETREAT score = 0 if a 

patient has AFP 0–20 ng/mL at LT, no microvascular invasion, and no viable tumor in the explant.
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TABLE 2

Clinical characteristics of the study cohort (n = 3276) at listing with MELD exception and while on the 

waitlist

Variables at listing with MELD exception

Median age (IQR)   60 (56–63)

Male sex, % 2512 (76.7)

Race/ethnicity, %

 White 2259 (69.0)

 Hispanic  438 (13.4)

 African American  305 (9.3)

 Asian  231 (7.1)

 Others  43 (1.3)

Etiology of liver disease, %

 Hepatitis C 2056 (62.8)

 Nonalcoholic fatty liver disease  261 (8.0)

 Alcoholic liver disease  239 (7.3)

 Hepatitis B  180 (5.5)

 Autoimmune liver disease
a  67 (2.0)

 Others  491 (14.4)

Median MELD (IQR)  11 (8–15)

HCC number,
b
 %

 1 2528 (77.6)

 2  560 (17.2)

 3  169 (5.2)

Median AFP, ng/mL (IQR)  14.0 (6.3–84)

Variables on waitlist

 Received LRT, % 2984 (91.1)

 Median wait time (mo) to LT (IQR)  5.0 (2.3–10.0)

MELD, Model for End-stage Liver Disease; IQR, interquartile range; HCC, hepatocellular carcinoma; AFP, α-fetoprotein; LRT, local regional 
therapy; LT, liver transplantation.

a
Includes autoimmune hepatitis, primary biliary cholangitis, and primary sclerosing cholangitis.

b
n = 3257.
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TABLE 3

Tumor characteristics at LT used to calculate a patient’s RETREAT score (n = 3276)

Variable N (%) RETREAT points

AFP at LT, ng/mL

 0–20 2278 (69.5) 0

 21–99  650 (19.8) 1

 100–999  318 (9.7) 2

 ≥1000  30 (0.9) 3

Microvascular Invasion  392 (12.7) 2

Largest viable tumor diameter + number

 0
a  997 (30.4) 0

 1–4.9 1571 (48.0) 1

 5–9.9  681 (20.8) 2

 ≥10  27 (0.8) 3

AFP, α-fetoprotein; LT, liver transplantation.

a
No viable tumor identified on explant.
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TABLE 4

Proposed post- LT HCC surveillance regimen stratified by patient’s RETREAT score

RETREAT score
Percentage
of cohort

Proposed post- LT HCC

surveillance regimen
a

0 23% No surveillance

1–3 65% Every 6 mo for 2 y

4  7% Every 6 mo for 5 y

>5  5% Every 3– 4 mo for 2 y; then every 6 mo for y 2– 5

a
Surveillance should be performed with multiphasic abdominal computed tomography or magnetic resonance imaging, chest computed 

tomography, and AFP at the recommended interval.
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