1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Clin Transplant. Author manuscript; available in PMC 2023 July 25.

-, HHS Public Access
«

Published in final edited form as:
Clin Transplant. 2020 December ; 34(12): €14128. doi:10.1111/ctr.14128.

Impact of Bridging Locoregional Therapies for Hepatocellular
Carcinoma on Post-transplant Clinical Outcome

Nia Adenijil, Vinodhini Arjunan?, Vijay Prabhakar3, Zeynep Tulu®, Neeraja Kambham?, Aijaz
Ahmed?, Paul Kwo2, Renumathy Dhanasekaran?
1Stanford University School of Medicine, Stanford, CA, USA

2Division of Gastroenterology and Hepatology, Stanford University, Stanford, CA, USA

3Division of Gastrointestinal and Liver Diseases, Keck School of Medicine of USC, Los Angeles,
CA, USA

4Stanford Hospital and Clinics, Stanford, CA, USA

SDepartment of Pathology, Stanford University, Stanford, CA, USA

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 (n7=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.!

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.# 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.>

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.®
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.”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 LRTSs 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.

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.® 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.

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 (Cls) 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%
[7=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% [/7= 283]). Just over half of patients had a
history of decompensated liver disease (52.6% [ = 159]), with ascites (42.7% [7= 129])

or hepatic encephalopathy (35.4% [/ = 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% (7= 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% (/7= 287) of patients received bridging LRTSs 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 LRTSs (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% (/7= 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.

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% [n7= 28]), the most common sites of post-transplant HCC recurrence were the
transplanted liver graft (53.6% [/7= 15]), lungs (46.4% [n = 13]), and bones (35.7% [

= 10]). Patients who received =5 LRTs were more likely to develop extrahepatic HCC
recurrence, with the lung (15.6% [n= 5] vs. 3.0% [n7= 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).

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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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 LRTSs 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.1> 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.1® 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 LRTSs, 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 =5LRTSs 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.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Funding information

RD-National Institutes of Health (NIH) grant CA222676 from the National Cancer Institute (NCI), American
College of Gastroenterology Junior Faculty Career Development Grant.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the corresponding author
upon reasonable request.

Clin Transplant. Author manuscript; available in PMC 2023 July 25.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Adeniji et al.

Page 8

REFERENCES

1.

10

11.

12.

13.

14.

15.

16.

Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA
Cancer J Clin. 2018;68:394-424. [PubMed: 30207593]

. Liu Z, Suo C, Mao X, et al. Global incidence trends in primary liver cancer by age at diagnosis, sex,

region, and etiology, 1990-2017. Cancer. 2020;126(10):2267-2278. [PubMed: 32201944]

. Yang JD, Larson JJ, Watt KD, et al. Hepatocellular carcinoma is the most common indication for

liver transplantation and placement on the waitlist in the United States. Clin Gastroenterol Hepatol.
2017;15(5):767-775.e3. [PubMed: 28013117]

. Hogen R, Lo M, DiNorcia J, et al. More than just wait time? Regional differences in liver transplant

outcomes for hepatocellular carcinoma. Transplantation. 2019;103:747-754. [PubMed: 29672442]

. Nagai S, Kitajima T, Yeddula S, et al. Effect of mandatory 6-month waiting period on waitlist

and transplant outcomes in patients with hepatocellular carcinoma. Hepatology. 2020. 10.1002/
hep.31223.

. DiNorcia J, Florman SS, Haydel B, et al. Pathologic response to pre-transplant locoregional therapy

is predictive of patient outcome after liver transplantation for hepatocellular carcinoma: analysis
from the US multicenter HCC transplant consortium. Ann Surg. 2020;271:616-624. [PubMed:
30870180]

.Zen C, Zen Y, Mitry RR, et al. Mixed phenotype hepatocellular carcinoma after transarterial

chemoembolization and liver transplantation. Liver Transpl. 2011;17:943-954. [PubMed:
21491582]

. Agopian VG, Harlander-Locke MP, Ruiz RM, et al. Impact of pre-transplant bridging locoregional

therapy for patients with hepatocellular carcinoma within milan criteria undergoing liver
transplantation: analysis of 3601 patients from the US multicenter HCC transplant consortium.
Ann Surg. 2017;266:525-535. [PubMed: 28654545]

. Marrero JA, Kulik LM, Sirlin CB, et al. Diagnosis, staging, and management of hepatocellular

carcinoma: 2018 practice guidance by the American Association for the Study of Liver Diseases.
Clin Liv Dis. 2019;13:1.

. Lencioni R, Llovet J. Modified RECIST (mRECIST) assessment for hepatocellular carcinoma.
Semin Liver Dis. 2010;30:52-60. [PubMed: 20175033]

Yilmaz C, Karaca CA, lakobadze Z, et al. Factors affecting recurrence and survival after liver
transplantation for hepatocellular carcinoma. Transpl Proc. 2018;50:3571-3576.

Mehta N, Heimbach J, Harnois DM, et al. Validation of a Risk Estimation of Tumor Recurrence
After Transplant (RETREAT) score for hepatocellular carcinoma recurrence after liver transplant.
JAMA Oncol. 2017;3:493-500. [PubMed: 27838698]

Lai Q, Avolio AW, Graziadei I, et al. Alpha-fetoprotein and modified response evaluation

criteria in solid tumors progression after locoregional therapy as predictors of hepatocellular
cancer recurrence and death after transplantation. Liver Transpl. 2013;19:1108-1118. [PubMed:
23873764]

Yang K, Sung PS, You YK, et al. Pathologic complete response to chemoembolization improves
survival outcomes after curative surgery for hepatocellular carcinoma: predictive factors of
response. HPB. 2019;21:1718-1726. [PubMed: 31171489]

Park HJ, Kim JH, Choi S-Y, et al. Prediction of therapeutic response of hepatocellular carcinoma
to transcatheter arterial chemoembolization based on pretherapeutic dynamic CT and textural
findings. AJR Am J Roentgenol. 2017;209:W211-W220. [PubMed: 28813195]

Chiappini F Circulating tumor cells measurements in hepatocellular carcinoma. Int J Hepatol.
2012;2012:684802. [PubMed: 22690340]

Clin Transplant. Author manuscript; available in PMC 2023 July 25.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Adeniji et al.

Page 9

(a) Patient Breakdown by LRT Number
2

B 0-4LRT
=5LRT

Total 302
(b) .
Overall Survival
<
©
2
g
-
(7]
€
)
o
)
o
0 5 10
Time (years)
(c)

Recurrence-Free Survival
= 100 ~ 04 LRT
e e =5 LRT
2
e
3 50
c
)

o p =0.002
(]
m c 1 L) " * X 1 L . Lt . 1 L s
0 5 10
Time (years)
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=36,5LRT n=18,6 LRT n=12, 7LRT n=1,8 LRT n=1.
(B) A comparison of the overall survival in patients receiving <5 (7= 270) or 25 LRTs (n=
32. (C) A comparison of the recurrence-free survival in patients receiving <5 (7= 270) or 2
5LRTs (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 (7= 8 vs. n=15), bone
(n=6vs. n=4), lymph (n=5vs. n=23), and serosa (/7= 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 LRTSs. Includes HCC (n=11vs. n=17),
respiratory failure (=16 vs n=6), infection (=9 vs. n=1), other cancer (n=7vs. n

= 3), and liver failure (7= 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 25 LRTs. * p< .05, ** p< .01, *** p<.001

Clin Transplant. Author manuscript; available in PMC 2023 July 25.



Page 12

Adeniji et al.

Author Manuscript

681’
109
66" <
289’
16V’

9
€9l
66" <

LEV
we
114
109’
or9’
144
eLL

80’

608’

19¢
€L’
TeL
T€S
114
anjea-d

(Teg) LT (L'9v) 921
(000 (Lg)or
(te)r rv) et

(8'81) 9 (6'sT) £
(gL8) et (57¢) 58
rve) 11 (6'8¢) S0T
(6'12) L (961) €5
(re)e (96) 92
(re)e (65) 91
(9°06) 62 (T'v6) ¥52
(6'72) L (Tv1) 8¢
(6'9v) ST (0ov) 80T
(sL8)er (0ee) 68
(881) 9 (9sT) 2

(Teg) L1 (6'T) €TT

(rve) 1T (6'1€) 98

(e99) 81 (L€L) 66T

(8ev) v1 (e92) 1L

rve) 11 (L0g) €8

(6'12) L (0L2) L

(8'er) ¥T (zzy) yiT

(szn v (T12) LS

(528) 82 (6'82) €12

(szn) v (Lo1) 62

(s8) et (rve) €6

(7'21) €65 (s01) ¥'29

(0TT) G2 (T1) 009

(%90T) €=U 14162 (%¥'68) 0L =U LY 5>
T31avl

Author Manuscript

(L) evT
(029
(ome

(z'91) 61/
(cer)ov
(v'ge) 911
(5'81) 95
(901) 2
(e9) 6T
(L¢6) €82
(6'7T) S
(Lov) gzt
(e€) o1
(6'5T) 8
(0ev) o€T
(T'2e) L6
(6'12) 212
(T'82) g8

(T18) v6
(5'92) 08
(rzy) szt
(c02) 19
(8'62) Tv2
(6'01) €€
(8'%¢) S0T
(5.-6T) 029
(e2-L1) 009
(%) zoe=u

SUON
1BYO

a1usboldAin

2110Y0d|V + O styedaH
a110yod

2 siredsH

g snnedaH

d’4dvN

ON

SOA

3WOIPUAS J1j0qRIBIN
Bunjows

Auseqo

elwapidijladAH
uoisusuadAH

se1vqeld

o1uedsIH-UON

o1uedsiH

SEINTe)

UBIpU| UBdLIBWY
URILIBWY UL

ueISY

ueISEINED

a[ewsa4

BT

sIeak 0/<

sIeak Go<

uoneiue|dsuel] 1V ‘URIPAN
(sresp) sisoubelq v ‘Uelpaln
A10bayed-gns

8seasIp JBAI| WOy uonesuadwodsg

JDH Jo ABojon3

SISOULID

10108} YsIy

Aoy

90ey

18puss

by

a|qeLIen

syuedionued Apnis Jo sonsLIa1oRIRYD Buljaseq

Author Manuscript

Author Manuscript

Clin Transplant. Author manuscript; available in PMC 2023 July 25.



Page 13

Adeniji et al.

"90uealIUBIS A|[RoNSIeIS 81B2IpUI SenfeA d plog 8yl “aseasip JaAl] A1es 91j0yode-UoN ‘d14VN :asessiq Janl abels-pus Joy

19POIA ‘13N ‘Adesay] [euoiBa10007 ‘14T ‘ewouldse) JejnjjeaoredsH ‘DOH ‘dnois ABojoouQ aAesadoo) ulsised ‘90D Hsour) JaAIT dlUllD BUOjddIRg ‘D104 ‘UIs10idola)-ejfe ‘d4V SUOHBIASIGOY
'(401) uelpaw ‘uoneiue|dsuel) 18

¥

x

(Wwnwixew-wnwiuiw) ueipaw
¥
“J3loWelp 1s1em Joj axmnsgns e Buisq Alsago
pue e1wapLRdA|BLILIadAY 104 a1nsans e Bulaq eiwapidijiadAy yum ‘Aisaqo pue ‘elwspidijiadAy ‘uoisusuiadAy ‘saiageip :Buimo]|o) 8yl JO 210w IO Z J0 douasald ay) se paulyap SI BWOIPUAS J1JOqRIBIN . J0N

700> (eze) ot (08) ¥z (r11) Ve 3pIsIN0
100> (229) 12 (9°06) ¢v2 ('88) €92 Iy (s1souBerp 1e) uepiN
0£9° (811) 0L (0zr) 09 (oen) 19 Juejdsuel] 1y
rAseg (szL2) €T (sLve)ser  (ove) o€t sisouBelq 1v ddv
z6T (e9)e (e'91) ¥¥ (z'sT) 9v [eulwal
509° (000 (ce)e6 (0e)e6 pasueApY
S00° (sTe) o1 (9z1) ve (9v1) v aleIpaw.alu|
vsL (529) 0z (9'69) 19T (6'65) 18T Are3
T (000 (Te)ee (e ee Ares Aian Buibers 5109
(e9)e (e91) vv (zsm) o 2
(sL8)er (L) 16 (T've) €01 g
Lee (e99) 81 (009) geT (2'09) €51 v sse|d ybnd pyd
687" (6'9v) ST (e€9) vT (9°25) 65T asne) Auy
66'< (00)o (92 2 (€22 layio
60° (612) L (02€) 00T (¥g€) 20T Auyedoreydaouz onedaH
66" < (951§ (e91) vv (com) 6 Buipaalg [eadLren
8.0’ (182) 6 (r'vv) 02T (L'zv) 62T SeNIsY
anfeA-d  (9690T)2€=ULHTG2  (%P'68) 0L2=U141G> (%)zoe=u KioBayed-qng a|qelten

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Clin Transplant. Author manuscript; available in PMC 2023 July 25.



Page 14

v’ — 00T 118 INEEE RN Buibers 9109
013 €9L o]
€e €18 S|
€ — 00T 6L v ssefo ybnd piyo
L6 CTI8 'SAL'TY 1BYO
Ayredojeydsoug
16° 0'T8 'SAL'6L onedsH
76 8'6. SA 608 Buipas|g |eaolen
16° C'¢8'SAG'8L S8110SY
T6° G'08 'SA L'08 BUON  9SessIp JaAl| Wouy uoiresuadwodsq
96 088 'SA0'08 SISOYLID
16° C'T8'SAL'¢C8 g siuedaH
TO’ 09'v—0C'T S€'¢ 800 86'€-€C’T ¥'G8 'SAT'€9 O snnedsH
v6 0’18 'SAQ'SL a’i4dvN ABojons OOH
99" ¥S'T-G¥°0 €80 1% TT'T-6€0 990 C'€8'SAQLL Buows
T6° ¢'08 'SAET8 Ausaqo
76’ €08 'SA0Z8 elwapidijiadAH
16’ 9'// 'SANE'G8 uoisuauadAH
T6° G'T8 'SAE'8L salaqelIq $1010B) MSIY
16 €EBSAY'6L Aoiuyg
1Yo
ueIpU| UBdLIBWY
v8 €98 'SA £'99 UBdLIBWY UBILIY
86 T08'SA9'T8 uelsy
89" TEB'SAGLL UM a0ey
6T 9'¢8 'SAC'EL 1spusn
<00 65 17—6ET [4°x4 €00° vLE-TET T¢C 0G98 ' SAVTL G9< aby
anjen-d (%36) 12 dH  anfeA-d  (%S56) 10 ¥WH SO Jesh-g s3|qelIen

Clin Transplant. Author manuscript; available in PMC 2023 July 25.

Adeniji et al.

SisAfeue a1elIeAl|NW [eAIAINS |[e1aA0 SISA[eue a1elIeAlun [eAIAINS [[e1aA0

DDH J10J pajue|dsuely syuaied Ul [BAIAINS [[eJaA0 Bulduan|jul 10198} Jue|dsuel]-aid JO SISAjeue aleLIRAINW puUe a)eLIBAILUN

¢ 3149vL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 15

Adeniji et al.

*80uBdIIUBIS A|[RoNSIIEIS 81801PUI SBN[eA d Plog 8y "aseasiq aAlssalbold ‘ad
‘aseasIp JaA1| A1ey 2110Yod[e-UON ‘14N ‘9sessiq Jani abels-pu3 1oy [9poIA ‘Q 1IN ‘Adeiay L [euo1fa10007 ‘1Y ‘oney pJezeH ‘YH ‘ewourdle) Jejn|[ao0redaH ‘DOH ‘[eAI8U] 82UBPIU0D ‘1D LIsoueD)
J8AIT D1U1D BUOJBdIRY ‘D109 ‘U19)01d01aj-B)[e ‘dV :SUONBIABIGQY ‘[9POW SYRLIBAIINW 8U) Ul PBPN[OUL 818M GT'> SaNJBA-C UM S8|qRLIBA "Uolssalfial xoD Buisn paya|dwiod sjapow yiog 1oy sisAjeuys .a1oN

vz eLe—elo v9'1 G00'  8SG-GET 6YLC 8'cL vl/eljel
S0° 00'G-66'0 €2e 9T 819€-080 T.T €8 Tl
ST — 00T 20 — 00T 6'98 oL (wejdx3) sbess 1 DOrY
20 €0'9-8T'T 19T v00"  GGO-YF'T  L0E  €T8'SAY99 (3uejdx3) uoiseAul Jejnasen
66'< LT'8T-90°0 10T 66° 06 pajenualapp Apood
99’ 7'¢1-0¢°0 83T T 8'6/  UOINRNUISYIP 81eIBPOIN
09’ v8'€1-22°0 GLT 145 L'9L EIENVEIETTTTHTEIN
26 — 00T 114 — 00T S8 2130123N (3uejdx3) speso
ve — juejdsues) 03 sisoubelp wouy awi |
143 GT8 'SA1'8L ad Adelay} 03 asuodsay
69’ G'88 'SAC'8L pabeisumoq
€0’ 0.7-80'T 9¢'e €00’ L6'V—6ET ¢9C  €E8SAEBS <
€00° ¢L'0-020 8€0 €8G'SAEEY T
0L 108 'SA6'C6 0 1491
9g — uonejuedsuen e 1IN
€g’ 00°'T-00°T 00T oT — uonejue|dsuel) 18 d4v
18 T8 'SAETL apISINO sisoufieip ye snyes uejiN
T €9. [eulIRL
18 00T P32UBAPY
€6' 1'8L alelpawau|
L 918 Alre3
anfen-d (%S6) 12 dH eneAd  (%S6) 1D ¥H SO Jeak-g sa|qeLIen
SISA[eue a1eleAll|NW [RAIAINS [[e13AO SISA[eU® 81elIeAIuUN [BAIAINS [[RJ8AQ

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Clin Transplant. Author manuscript; available in PMC 2023 July 25.



Page 16

Clin Transplant. Author manuscript; available in PMC 2023 July 25.

Adeniji et al.

tid 6'LL Are3
06’ L'l Are3 Kiap Buibers 5109
Ly T€L 2
8z 608 q
o 29 v ssejd ybnd piyd
16 T'8L SAQ'LY BYOo
Ayredojeydsoug
6’ €LLSANO'LL onedaH
Y6’ T'8L'SAGEL Buipas|g [esoLleA
v6’ G'6L'SA9YL SONISY
V6’ 09, 'SAG'8L BUON  9SesSIp JaAI| Wouy uoiresuadwodsq
96’ CLLSNT'LL SBA SISOyLID
A 2'8LSANLLL g shiedaH
200° G'¢8 'SAY'LS 0 siedaH
18 8'LLSANETL dT4vN ABojone DOH
8T’ G'08'sA8CL Bunjows
76 G'9/ 'SAQ'6L Ausaqo
96’ TLLSANGLL eiwapidijadAH
v6° §'GL'SA Q08 uoisuapadAH
76 G'LLSAGLL sajagelq $10398) X451
¥6’ L'LL'SAT9.L Anduyig
SENle}
uelpu| uedsuswy
LE 9°€8 "SA 1'99 UBDLIBWY UBILYY
76’ G'LL'SNG'9L uelsy
T V6L SA LY. 3HUM aoey
8T’ €6L°SAO0L lapua9
€00 T07-v€T  2€¢ 600 9T'e8TT €6'T €18 SAE'69 692 aby
anend  (%56) 10 4H  enjead (%56) 10 UH SO Jeak-g s9|oeleA

SISA[eue e1_IIeAN|NW [BAIAINS 881)-80UBJIN08y  SISA[EUE 8JelIeAlln [BAIAINS 8a1)-80Ua11N0ay

DDH J0J pajuejdsueny syuaied ul S4Y Burouanjjul si01oe) Juejdsuel-aid Jo SISAeUR S]RLIRAIINW PUR d)RLIBAIUN

€3149vl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 17

Adeniji et al.

"30uedlIUbIS AjJRoNISIeIS 81e2IpUI SNJeA d PJOq BY L “[eAIAINS 3814-30U81INJ3Y ‘SHY ‘aseasiq anIssalbold ‘ad
‘aseasiq Jan1 Aned o110yooe-UoN ‘14N ‘esessiq JanlT abeis-pu3 Joy [9poN ‘1IN ‘Adesay ] [euoiBaloooT 1y ‘oney plezeH ‘YH ‘ewouldied JejnjjaooiedsH ‘DOH f[eAIslU| 80USPLIUOD ‘1D ‘13duRD
JaAIT 21Ul]D BUOJBYJEY ‘D10 ‘U1810idolaj-elle ‘d4V :SUOIIBIABIGQY "[9POW S1eLIBAI}INW BY} Ul PAPN|IUl 81aM GT'> San[eA-d’ UM SajqelieA “uoissalfial xoD Buisn paiajdwod sjapow y1oq oy sisAjeuy .ajoN

86" 69810 €0'T T00 ¢L'G99T 66°C V9 AV AVAN
66’ y1'8—€T°0 0T 8¢ 00'€-€L°0 8y'T L'18 TL
66" < — 00T 200 - 00T 6°G8 0oL (uejdx3) sbeis | DOrV
T00 0L'9-¢9T 1233 100" > v’ [—68'T GL'E 8'6L 'SAE9Y (3uejdx3) uoiseur JeinaseA
124 ¥2'8-0%'0 8T 8y’ 008 parenualapip Al10od
60 69060 €8T 60 €'G/  uonenualayip a1eIspoN
60 ¢6'€-06'0 88T ST V'EL Pparenuaispip-[1sp
T — 00T ge €8 21J0408N (wuejdx3) speio
orT’ — jue|dsuesy o} sisoufelp wouy swiL
L8 G'9L'SANO'8L ad Adesay 01 ssuodsey
114 0'€8 'SAG'GL pabeisumoq
€0 €901 [4%4 200’ ¥8v—Ev'T ¥9'¢ 7’08 'SA6'TS G<
¥00° §1.°0—¢C0 0 6°TG 'SA7'08 -1
67 CLLSNLYL 0 1497
a8’ — uonejue|dsuely 1e g 13IN
13 00°'T-00°T 00T 60’ — uonejue|dsuey 1e 44V
14 C'6L 'SA 989 sisoubelp 1e sniels uejiN
6’ TEL leurwii ]
96 00T pasueApy
Sl 16 alelpawalu|
anfen-d  (%56) 1D 4H  enpead (%56) 12 aH SO Jeaf-g s9|qeLIen

SiSATeue a1eIIeAN|NW [BAIAINS 991)-00UBJIN03Y  SISA[eUe aelleAlun [BAIAINS 881)-80Ua11Nday

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Clin Transplant. Author manuscript; available in PMC 2023 July 25.



Page 18

Adeniji et al.

"aouedIUBIS Ajjeansiels ajealpul sanjeAd plog ayl “saidelay] [euoifaiod07 ‘s1¥T ‘ewourdsed Jejnjadoleday ‘QoH ‘buibeis
130UeD JBAIT SSB[D BUO[32Ieg ‘D7D SUOIRIASICQY "[SPOW aJeLIeA}|NW SU} Ul PAapNIdUl 819M GT'> SanjeA-d YlIM Sa|qelteA “uolssaifial o1sifo| [ejwoulnw Buisn psiajdwod s|apow Yioq 4oy SisAjeuys “ajon

Author Manuscript

(00'sT-T) S8°€E 250° 100"
(eI 1) LTV 010° 100
LT

ver

508

(0T'1-09°0) 18'0 99T =)

199’

€T
268
6YT
vee

6vL

81¢"
43
e
TET
v8
Sov’

(T7'0T-6€'T) T6'€ 600" S00°
(1D %G6) 4H  anea-d  anjepd

(%t'02) 6T
(%9'62) 8
(%08) vT
(ez0)oT
(cro)srT
(9€°0) ¥9'T
(81°0) ¥5'C
(7°0) 89°T
(9g'0) 8e'€
(t1) LT
(9z2) 82
(%0L°0T) €
(%0€'vT) ¥
(%00°'52) T2
(%0L°0T) €
(%00'52) L
(%0€79) 8T
(o
(%0L°0T) €
(%01°2¢) 6
(%0T1°25) 91
(%06°2v) 2T
(%09'82) 8
(%0v'12) 02
(82 = u) d2uaINIBY

(%9'62) 08
(%S°5) 5T
(%09) L€T
(S0'0) 29'0
(¥0'0) 15T
(90°0) 68°0
(90'0) 292
(960°0) L6°0
(eT'0) ev'e
(T'8) 9°0¢
(se)oert
(%06'8T) 2&
(%09'¥T) OF
(%2r'99) 28T
(%0L°ST) €V
(%00°5€) 96
(%0€°6%) GET
(%8'vT) OF
(%05'6) 92
(%09°8T) TS
(%0v'¥S) 67T
(%06°€€) €6
(%088) 2
(%02'16) 0S¢
(#Z = u) 82Ua1IN3Y ON

SISAjeue ayelieAnNA

SISAeue ajela1eAlun

A
SOA

SOA

(N3S) uesiy
(N3S) uesN
(N3S) uesiy
(N3S) uesiy
(N3S) uesN
(N3S) uesiy
(N3S) uesiy
(N3S) uesN
a-o

q

V-0

D siyedsH

sIeak Go<
3

-0
A1oBared

abeis 0oV

UOISeAU] JejndseAn

147 Jaye aseasiq anissaifold

171 21049q SUOIS3| 3|GEIA 40 JaquInN
sisouBelp e SuoIsa| 3|geIA JO JaqWINN
171 a1049q uoisa| 1sabe] Jo 8z
sisouBelp 1e uoisa| 1sabue| 40 821

177 21042q JajawWeIp Jown} sAIRINWND
sisouBeIp e JajaWelp Jown} aAle|NWNY
wejdsuen e 44v

sisoufelp e d4v

abers 5109

sse|o ybnd piyo

ABojon3
by

147

SN

ddualIndal 9OH Bunoipaid si01oey Juejdsueai-aid Jo SISA[eue a1eLIBAIIINW PUR 3JBLIBRAIUN

¥ 37avlL

Author Manuscript

Author Manuscript

Author Manuscript

Clin Transplant. Author manuscript; available in PMC 2023 July 25.



Page 19

Adeniji et al.

*30UBOIIUBIS A][21ISITRIS 81RDIPUI SANeAd PlOq By L "8seasIp a]qels ‘as ‘aseasip anlssalbold ‘ad ‘esuodsal |enued ‘Hd ‘seidesay ] [euo1faio00 ‘s1yT ‘esuodsal 8391dwod ‘YD SUONRIABIGQY

100> (ve) 1T (CR9R7 4
700> (0s2)8 (9g) 5T €
) (0g2) 8 (6'1T) 28 14
98 (9s1) § (rv1) 6€ T aseasIp a|qels
700> (eTe) 01 (tme 4
100> (0g2) 8 (€9) LT €
1T (881) 9 (T11) 08 14
29 (szn v L1) Ly T osessip anissaifoud
100> (e'Te) 0T (Tne 4
100> (e'Te) 0T rv) et €
¥00' (sL8) et (e91) vv 14
Y00’ (Teg) LT (T'82) 92 T asuodsal [e1ued
ST (000 (s8) ez 4
6T (e9)e (9s1) 2v €
L0 (r6) € (e'€2) €9 4
100’ Te)71 (1°82) 9. 1 esuodsas ayejdwod
anfeA-d  (%90T) 2€=U1HT162  (%V'68) 0/2=U 115> #1471 algelLIeA

S1471 G 210 G > Aqg paines ‘QOH Jo) pajuejdsuei] Siualed Ul s1y7 Jeyje sasuodsay [eaibojoipey
G 3719vl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Clin Transplant. Author manuscript; available in PMC 2023 July 25.



	Abstract
	INTRODUC TION
	METHODS
	Patient selection
	Data collection
	Clinical protocols
	Statistical analysis

	RESULTS
	Baseline demographic features of patients transplanted for HCC
	Profile of Locoregional therapies for HCC
	Higher number of LRTs for HCC predicts poor post-transplant survival
	Patients receiving five or more LRTs have a higher incidence of HCC recurrence
	Explanted liver demonstrates more advanced stage despite higher number of LRTs

	DISCUSSION
	References
	FIGURE 1
	FIGURE 2
	FIGURE 3
	TABLE 1
	TABLE 2
	TABLE 3
	TABLE 4
	TABLE 5

