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Abstract

Long waiting times due to ongoing organ shortage have led to increased utilization of locoregional 

therapies (LRTs) to bridge patients with hepatocellular carcinoma (HCC) to liver transplantation 

(LT). We performed this study to evaluate the impact of LRTs on post-LT outcomes. We conducted 

a retrospective study of patients who were transplanted for HCC at Stanford University Hospital 

between 2008 and 2018 (n = 302). We found that receipt of ≥5 LRTs was an independent and 

significant predictor of poor overall 5-year survival (58.3% vs. 83.3%; HR 2.26, p = .03), poor 

recurrence-free 5-year survival (51.9% vs. 80.4%; HR 2.12, p = .03), and was associated with 

higher rates of recurrence (25.0% vs. 7.4%, p = .001). Moreover, recurrent HCC was more likely 

to be the cause of death (58.3% vs. 41.7%, p = .04) in patients who received ≥5 LRTs. Also, 

patients who required ≥5 LRTs showed an overall lower rate of radiological complete response 

(46.9% vs. 97.8%, p = .001) and were more likely to have more advanced pathological stage 

tumors in the explant (65.6% vs. 29.6%, p < .001). In conclusion, receipt of ≥5 bridging LRTs 

prior to LT is associated with worse post-transplant clinical outcomes.
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1 | INTRODUC TION

Hepatocellular carcinoma (HCC) is a leading cause of cancer-related mortality in the world.1

The incidence of HCC has been progressively increasing, especially in developed countries 

including the United States (US).2 Most of the patients who develop HCC have underlying 

liver cirrhosis from chronic viral hepatitis, alcoholic liver disease, and/or non-alcoholic fatty 

liver disease (NAFLD). Liver transplantation (LT) is the best treatment option for these 

patients who are suitable surgical candidates, as it provides a potential cure for both the 

cancer and cirrhosis. Hence, it is no surprise that HCC is the most common indication for LT 

and for wait-list placement in the US.3

The median waiting time from listing to LT for patients with HCC can vary significantly 

depending on the United Network for Organ Sharing (UNOS) region to which they belong. 

For instance, in regions 1 or 9 of the United States, which have long wait lists, more than 

70% of the patients with HCC have been waiting for more than a year to undergo LT.4 In 

2015, UNOS/OPTN policy was modified to mandate a 6-month delay before patients with 

HCC are given exception points, making wait times even longer.5

Locoregional therapies (LRTs) like transarterial chemoembolization (TACE) or ablation are 

used to prevent tumor progression while waiting on the list. Achieving lower viable tumor 

burden in the explant has been shown to be associated with lower risk for recurrence.6 

Patients usually require multiple sessions of LRT to achieve and sustain remission of HCC. 

However, there is concern that treating tumors with multiple sessions of locoregional therapy 

over a prolonged period of time can paradoxically worsen clinical outcomes by selecting 

out more aggressive subclones.7,8 We still do not know which subset of patients undergoing 

LRT have worse outcomes, and this information has the potential to serve as a valuable 

pre-transplant predictor of outcomes.

We conducted this study to identify the potential predictors of long-term clinical outcomes 

in patients with HCC who underwent liver transplantation at our academic transplant center, 

with a special focus on the impact of locoregional therapy on post-transplant recurrence and 

survival.

2 | METHODS

2.1 | Patient selection

The study protocol was approved by the Institutional Review Board (IRB) at the School 

of Medicine, the Stanford University (Stanford, USA). This is a single-center retrospective 

study in adult patients with HCC who received a liver transplant at an academic transplant 

center (Stanford University Hospital) between 2008 and 2018 for a pre-transplant diagnosis 

of HCC. Patients were followed until death or until March 2020.

2.2 | Data collection

Patient data abstracted from the electronic medical record for analysis included demographic 

data, etiology of liver disease, comorbidities, Child Pugh score, initial HCC staging, number 
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and type of LRTs received, and pre- and post-transplant imaging data. Clinical outcomes 

assessed were post-LT HCC recurrence, recurrence-free survival (RFS), and overall survival 

(OS). Explant pathologic variables were extracted from the standardized pathology reports 

at our center and included total tumor number, maximum tumor diameter, grade, micro- and 

macro-vascular invasion, and American Joint Committee on Cancer (AJCC) tumor staging.

2.3 | Clinical protocols

All images were reviewed by a group of liver radiologists at our transplant center, to 

determine radiographic tumor size and numbers. HCC diagnosis was made based on 

American Association for the Study of Liver Diseases (AASLD) guidelines.9 Patients who 

showed radiographic evidence of tumor thrombus or extrahepatic disease were removed 

from the transplant list. The mode of LRT the patients received was determined in a 

multidisciplinary tumor board which included members from transplant hepatology, medical 

oncology, transplant surgery, diagnostic, and interventional radiology. If lesions were located 

in a safely accessible location and had a diameter of 3 cm or less, radiofrequency 

ablation (RFA) was typically performed. Otherwise, transcatheter therapy was performed. 

Transarterial therapy with chemoembolization or radioembolization was performed for 

multifocal disease. The modified Response Evaluation Criteria in Solid Tumors (mRECIST) 

criteria were used to define response to LRT.10 The overall goal of treatment was to 

achieve complete radiologic response. Decisions regarding further treatment were made 

in the multidisciplinary tumor board, taking multiple factors into consideration, including 

residual tumor burden, hepatic reserve, response to previous treatment and anticipated time 

to transplantation.

2.4 | Statistical analysis

Statistical Package for the Social Sciences (SPSS, IBM) was used to compare patient risk 

factors, demographics, and clinical outcomes. Categorical variables were described using 

frequencies and percentages, and statistical analyses of these variables were evaluated using 

Fisher’s exact test or a chi-squared test. Continuous variables were described by correlation 

distributions using medians with either minimum to maximum ranges or interquartile range 

(IQR) for non-normal distributions. Statistical differences between medians were calculated 

using SPSS non-parametric test for two independent medians. Kaplan Meier analysis was 

used for survival analyses, with the log-rank test being used to compare outcomes. Overall 

survival was defined as the duration between the date of LT and the date of death from 

any cause. Recurrence-free survival was defined as the duration between the date of LT and 

the date of recurrence or death from any cause. Univariate and multivariate Cox regression 

analyses were performed to investigate patient and tumor characteristics associated with the 

tumor recurrence or death. Through the time-to-event analysis, hazard ratios (HRs) and 95% 

confidence intervals (CIs) were generated. Statistically significant variables were determined 

to have p-Values <.05. However, a level of significance of 0.15 was used to determine the 

variables that would enter the multivariate analysis.
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3 | RESULTS

3.1 | Baseline demographic features of patients transplanted for HCC

Between 2008 and 2018 a total of 302 patients were transplanted for HCC (Table 1). The 

median age at diagnosis of HCC was 60.0 years (range 17–73), and the median age at 

transplantation was 62.0 years (range 19–75). Study participants were mostly male (79.8% 

[n = 241]) and the majority of participants were either of Caucasian or Asian descent (68.9% 

[n = 208]) (Table 1). The most common etiology of HCC was viral hepatitis—hepatitis C 

(38.4% [n = 116]) and hepatitis B (18.5% [n = 56]). The majority of patients developed 

HCC in the background of cirrhosis (93.7% [n = 283]). Just over half of patients had a 

history of decompensated liver disease (52.6% [n = 159]), with ascites (42.7% [n = 129]) 

or hepatic encephalopathy (35.4% [n = 107]) being the top two causes. Most patients with 

HCC had good performance status—Eastern Cooperative Oncology Group (ECOG) 0–1 

(92.3% [n = 279]). The majority of the patients had tumors within the Milan criteria at 

diagnosis (88.3% [n = 263]) and most patients were staged as Barcelona Clinic Liver Cancer 

(BCLC) 0-A at diagnosis (67.2% [n = 203]). The median time to transplantation was 18 

months (IQR 11.0 months). In the overall cohort, the 5-year post-transplant survival was 

81%, recurrence rate 9.3% (n = 28) and the 5-year recurrence-free survival was 77%. The 

median time to follow-up was 5.0 years (IQR 4.6).

3.2 | Profile of Locoregional therapies for HCC

In our cohort, 95% (n = 287) of patients received bridging LRTs prior to transplantation. 

Fifteen patients (5%) did not receive any LRTs prior to transplantation due to 

decompensated liver disease. The median number of treatments per patient was 2 (IQR 2.0), 

10.6% (n = 32) patients received ≥5 LRT (Figure 1A). Patients with tumors outside of the 

Milan criteria had a higher median number of LRTs (3 (IQR 3.0) vs. 2.0 (IQR 2.0), p < .001 

and were more likely to receive ≥5 LRTs (29.4% vs. 8.0%, p < .001). The most common 

type of initial treatment was TACE (90.5% [n = 257]), followed by ablative therapies (8.1% 

[n = 23]) (Table S1). By the time of transplantation, 64.8% (n = 186) of patients treated with 

LRTs achieved a radiologic complete response (CR). Thirty-one patients (10.8% of treated 

patients) did not have mRECIST scores after their last LRT because they were transplanted 

shortly after treatment. Overall, LRTs reduced the number of viable lesions to 0 (33.4% [n = 

101]) or 1 (39.4% [n = 119]) in most patients.

3.3 | Higher number of LRTs for HCC predicts poor post-transplant survival

We found that receipt of higher number of LRTs is associated with worse overall survival 

(OS) (p = .008; HR 1.24 [1.06–1.45]) and recurrence-free survival (RFS) (p = .007; HR 1.25 

[1.06–1.42]). When patients were stratified by the number of LRTs, we found that receiving 

≥5 LRTs was the threshold associated with worse OS and RFS (p = .002 and p = .003, 

respectively) (Figure 1B,C; Figure S1). We performed multivariate analysis for OS and RFS 

after adjusting for variables which could influence outcomes like age, gender, comorbidities, 

HCC etiology, BCLC tumor stage, Milan status, Child Pugh score, liver decompensation, 

and alfa-fetoprotein (AFP) (Tables 2 and 3). Receipt of ≥5 LRTs was still found to be an 

independent predictor of OS and RFS (58.3% vs. 83.3%; HR 2.26 (95% CI 1.08–4.70), 

p = .03) and RFS (51.9% vs. 80.4; HR 2.12 (95% CI 1.06–4.23), p = .03). Other factors 
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predicting OS and RFS were age at transplantation ≥65 years (HR 2.52 (95% CI 1.39–4.59), 

p = .002; HR 2.32 (95% CI 1.34 −4.01), p = .003, respectively), hepatitis C (HR 2.35 

(1.20–4.60), p = .01; HR 2.54 (1.38–4.67), p = .003), and vascular invasion (HR 2.67 (1.18–

6.03), p = .02; HR 3.34 (1.62–6.70), p = .001, respectively), (Tables 2 and 3). Patients who 

received ≥5 LRTs were more likely to have tumor burden outside Milan criteria at diagnosis 

(32.3% vs. 9.0%, p < .001) and also have longer wait times on the list (24.0 months (IQR 

22.8) vs. 17.0 months (IQR 11.0), p < .001). However, Milan status at diagnosis, tumor size, 

and number at diagnosis or time to transplantation were not determined to be predictors of 

OS or RFS (Tables 2 and 3). Thus, receipt of ≥5 LRTs was significantly and independently 

associated with poor overall and recurrence-free survival.

3.4 | Patients receiving five or more LRTs have a higher incidence of HCC recurrence

In the overall cohort, the cumulative recurrence rates at one and five years were 4.6% 

(n = 14) and 8.6% (n = 26), respectively. The post-transplant recurrence rate was higher 

among patients who received ≥5 LRTs (25.0% vs. 7.4%, p = .001) (Figure 2A). LRT ≥5 

was determined to be independently predictive of HCC recurrence on multinomial logistic 

regression (HR 3.91 (95% CI 1.39–10.41), p = .009) (Table 4). AJCC stage and vascular 

invasion on explant were the other independent predictors of recurrence. Patients who 

received ≥5 LRT were more likely to have early recurrence, that is, recurrence before 

24 months (21.9% vs. 5.2%, p < .001), and the mean time from transplantation to HCC 

recurrence was shorter (11.1 vs. 21.2 months, p = .05). Among those patients who recurred 

(9.3% [n = 28]), the most common sites of post-transplant HCC recurrence were the 

transplanted liver graft (53.6% [n = 15]), lungs (46.4% [n = 13]), and bones (35.7% [n 
= 10]). Patients who received ≥5 LRTs were more likely to develop extrahepatic HCC 

recurrence, with the lung (15.6% [n = 5] vs. 3.0% [n = 8], p = .001) and bone (12.5% [n = 

4] vs. 2.2% [n = 6], p = .002) being the most common sites of recurrence (Figure 2B, Table 

S2). Lastly, recurrent HCC was the cause of death in a higher proportion of patients who had 

received ≥5 LRTs (58.3% [n = 7] vs. 41.7% [n = 5], p = .04) (Figure 2C).

3.5 | Explanted liver demonstrates more advanced stage despite higher number of LRTs

Patients who received ≥5 LRTs were generally poor responders to therapy. Table 5 shows 

a dynamic breakdown of mRECIST responses between patients who received ≥5 LRTs and 

<5 LRTs. The former group was less likely to achieve a radiological CR after either the first 

LRT (3.1% vs. 28.1%, p = .001) or after any of the first four LRTs (46.9% vs. 97.8%, p < 

.001) (Figure 3). By contrast, patients who received ≥5 LRTs were more likely to develop 

progressive disease (PD) during at least one of the LRTs they received (81.3% vs. 30.4%, 

p < .001). We did not find that PD after therapy was itself a predictor of overall survival 

(5 years-78.4% vs. 81.5%; p = .54) or recurrence-free survival (5 years-78.0% vs. 76.5%; p 
= .99) or recurrence (Table 4). Evaluation of explant histopathology showed no difference 

in tumor grade or vascular invasion (Table S3). But explants that had received ≥5 LRTs 

were more likely to have advanced AJCC tumor stage of the residual tumor (AJCC stage 

T2-T4 46.9% vs. 31.7%; p = .04). Advanced AJCC stage itself was not determined to be an 

independent predictor of OS (p = .24) or RFS (p = .98) Thus, patients who received ≥5 LRTs 

were less likely to respond to LRTs and had a more advanced AJCC stage in the explant.
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4 | DISCUSSION

Locoregional therapies are increasingly used to bridge patients with HCC to transplant, 

given long wait times and ongoing organ shortage. We performed this study to evaluate 

the impact of receiving a higher number of LRTs on post-transplant clinical outcomes. In 

this study, we show that receiving five or more LRTs appears to be the threshold above 

which patients experience poor post-transplant survival and higher risk of HCC-related 

death. Evaluation of the radiological response patterns showed that patients who received 

≥5 LRTs were consistently poor responders to LRT, and as a result had more advanced 

tumors in the explanted liver. Our data also shows that receiving ≥5 LRTs was associated 

not only with higher rates of recurrence and faster recurrence but also higher incidence of 

extrahepatic recurrence, implying these patients likely had aggressive tumor biology with 

possible systemic micrometastatic disease prior to transplantation. These results potentially 

have direct clinical implications in risk stratifying patients with HCC prior to LT and for 

improving patient selection for transplantation.

Hepatocellular carcinoma is unique, since a biopsy is not needed to make a diagnosis in 

most instances. But the disadvantage of this scenario is that we generally do not have access 

to information about the factors which strongly predict post-transplant outcomes, including 

the grade of tumor, presence of vascular invasion, or degree of pathologic response.6,11,12 

Hence, it is crucial to determine which pre-transplant factors can serve as surrogate markers 

of aggressive tumor biology. Response to LRTs has been suggested to predict clinical 

outcomes,13,14 but identifying the highest risk subset of patients who receive LRTs remains 

challenging. We show here that the threshold of receiving more than five LRTs was an 

important predictor of poor overall survival and recurrence-free survival, even after adjusting 

for known predictors of survival like tumor stage, time to transplant, alfa-fetoprotein (AFP), 

vascular invasion and radiologic response. Although patients are treated with repeated LRTs 

to effectively bridge them to transplant and avoid wait-list drop-out from tumor progression, 

this strategy could paradoxically make the long-term clinical outcomes worse.

We demonstrate that the patients who received ≥5 LRTs repeatedly showed poor radiologic 

response, with only 3% showing complete response with initial treatment. This raises the 

possibility that the requirement for a high number of LRTs is likely a surrogate marker for 

tumors with primary chemoresistance. Tumors that require multiple LRTs have been shown 

to have poor vascularization, which likely limits the delivery of chemotherapeutic agents 

to the target.15 On the other hand, each subsequent LRT may also be selecting resistant 

clones within these tumors, since we found that most tumors which required ≥5 LRTs were 

likely to show progressive disease during subsequent therapies. Both of these scenarios lead 

to higher viable tumor burden, which implies higher potential for micrometastases from 

circulating tumor cells.16 Consistent with this, we observed earlier recurrence and higher 

rates of extrahepatic recurrence in patients receiving ≥5 LRTs, suggesting that recurrence 

arises from residual tumors rather than de-novo HCC. Larger studies will be needed to test 

these probable hypotheses.

We are reporting data from a center that has long wait times, since it is in region 5 of the 

United States. These data may still be applicable to centers which have shorter wait times 
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and since higher median number of LRTs, in general, does predict outcomes. Also, with the 

UNOS policy constantly shifting toward more equitable distribution of organs and also with 

the rising incidence of HCC, it is conceivable that many centers may experience longer wait 

times for HCC in the future, thus making our results relevant. We also recognize that during 

the 10-year timespan of this study, the landscape of locoregional therapies has shifted, with 

increased use of Y-90 transarterial radioembolization (TARE). However, most of the patients 

in this study received TACE. These findings will need to be validated in groups that use 

other modes of LRT, like TARE, at higher rates. Another limitation is not having access to 

tumor biopsy prior to LRT, which does not allow us to determine whether these tumors were 

intrinsically resistant to therapy or if they acquired secondary resistance due to multiple 

LRTs. However, this is a general limitation of most HCC studies. This study does have 

biases inherent to a retrospective analysis, but using single-center data allow us to take a 

granular look at radiologic response after each therapy while ensuring that all the patients 

were treated under the same protocol and experienced similar wait times across the cohort. 

Lastly, our study has a relatively small sample size and our findings will need to be validated 

in larger external cohorts.

Our study thus identifies receipt of ≥5LRTs as a strong pre-transplant predictor of HCC 

recurrence and poor overall survival. We demonstrate the patients who receive >5 LRTs 

are less likely to respond to therapy, have more advanced histopathological features at 

the time of transplant despite receiving multiple therapies, and develop aggressive post-

transplant extrahepatic recurrence. All these features suggest these tumors may have an 

intrinsically aggressive tumor biology, larger prospective studies will be needed to address 

this possibility. Furthermore, most policies focus on the number of tumors and size of 

tumors to determine transplant eligibility. But as shown in this study, even though tumors 

can be technically down staged to be within Milan criteria by employing multiple LRTs, 

tumor size itself might not be sufficient to predict clinical outcomes. Dynamic factors like 

response to therapy and the need for multiple therapies to attain remission need to be 

considered. In the setting of significant ongoing organ shortage, we urge caution while 

evaluating patients who need multiple therapies to attain HCC remission or consistently 

show lack of response to therapy. Further, if these patients are transplanted, they should be 

under close surveillance, especially for extrahepatic recurrence.
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FIGURE 1. 
Higher number of locoregional therapies (LRTs) prior to transplantation for hepatocellular 

carcinoma (HCC) predicts poor post-transplant survival. (A) Distribution of patients 

receiving 0 through 8 LRTs. Observed counts are: 0 LRT n = 15, 1 LRT n = 100, 2 LRT n = 

54, 3 LRT n = 65, 4 LRT n = 36, 5 LRT n = 18, 6 LRT n = 12, 7 LRT n = 1, 8 LRT n = 1. 

(B) A comparison of the overall survival in patients receiving <5 (n = 270) or ≥5 LRTs (n = 

32. (C) A comparison of the recurrence-free survival in patients receiving < 5 (n = 270) or ≥ 

5 LRTs (n = 32)
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FIGURE 2. 
Receiving five or more locoregional therapies (LRTs) has a higher incidence of recurrence. 

(A) Overall hepatocellular carcinoma (HCC) recurrence rate stratified by <5 LRT and ≥5 

LRTs. (B) A comparison of the sites of recurrence in patients with extrahepatic recurrence, 

stratified by <5 or ≥5 LRTs. Observed counts for each organ are: lung (n = 8 vs. n = 5), bone 

(n = 6 vs. n = 4), lymph (n = 5 vs. n = 3), and serosa (n = 2 vs. n = 3) for patient receiving 

<5 or ≥5 LRTs, respectively. Serosal includes pleura and peritoneum. (C) A comparison of 

the cause of death in patients receiving <5 or ≥5 LRTs. Includes HCC (n = 11 vs. n = 7), 

respiratory failure (n = 16 vs n = 6), infection (n = 9 vs. n = 1), other cancer (n = 7 vs. n 
= 3), and liver failure (n = 8 vs. n = 1), respectively. Death by respiratory failure includes 

causes attributed to cancer and infection. Other cancers causing death in this study include 

squamous cell carcinoma, lung adenocarcinoma, pancreatic cancer, lymphoma/leukemia, 

and prostate cancer. * p < .05, ** p < .01
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FIGURE 3. 
Receiving five or more locoregional therapies (LRTs) is associated with worse radiological 

responses. Comparison of radiologic responses, as determined by mRECIST criteria, after 

LRT treatments, stratified by <5 or ≥5 LRTs. * p < .05, ** p < .01, *** p < .001
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