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Abstract

Background—*or recipients of liver transplants for hepatocellular carcinoma (HCC), HCC
recurrence after transplantation remains a major concern. Sirolimus, an immunosuppressant with
anti-carcinogenic properties, may reduce HCC recurrence and improve survival.

Methods—The U.S. Scientific Registry of Transplant Recipients was linked to pharmacy claims.
For liver recipients transplanted for HCC, Cox regression was used to estimate associations of
early sirolimus use with recurrence, cancer-specific mortality, and all-cause mortality adjusting for
recipient ethnicity, calendar year of transplant, total tumor volume, alpha-fetoprotein, transplant
center size, use of IL-2 induction therapy, and allocated and calculated model for end-stage liver
disease score. We performed stratified analyses among recipients who met Milan criteria, among
those without renal failure, among those with deceased liver donors, by age at transplantation, and
by tumor size.

Results—Among the 3,936 included HCC liver transplants, 234 (6%) were sirolimus users. In
total, there were 242 recurrences and 879 deaths, including 261 cancer-related deaths. All-cause
mortality was similar in sirolimus users and non-users (adjusted hazard ratio [HR] =1.01,
95%CI=0.73-1.39). HCC recurrence and cancer-specific mortality rates appeared lower in
sirolimus users, but associations were not statistically significant (recurrence HR=0.86,
95%C1=0.45-1.65; cancer-specific mortality HR=0.80, 95%CI=0.43-1.50). Among recipients >55
years old, associations were suggestive of better outcomes for sirolimus users (all-cause mortality
HR=0.62, 95%CI=0.38-1.01; recurrence HR=0.52, 95%CI1=0.19-1.44; cancer-specific mortality
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HR=0.34, 95%CI=0.11-1.09), while among recipients <55 years old, sirolimus users had worse
outcomes (all-cause mortality HR=1.76, 95%CI=1.12-2.75; recurrence HR=1.49, 95%CI=0.62—
3.61; cancer-specific mortality HR=1.54, 95%CI1=0.71-3.32).

Conclusions—Among HCC liver recipients overall, sirolimus did not appear beneficial in
reducing all-cause mortality. However, there were suggestions of reductions in recurrence and
cancer-specific mortality, and effects appeared to be modified by age at transplantation.
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INTRODUCTION

A growing fraction of all liver transplants are performed for the indication of hepatocellular
carcinoma (HCC) (1). Among these transplant recipients, approximately 10% experience a
recurrence of the primary HCC following transplantation, making recurrence a leading cause
of morbidity and mortality (2-5). Mammalian target of rapamycin (mTOR) is a protein that
plays a key role in a signaling pathway that controls cellular growth and proliferation (6).
Because this pathway is often hyperactivated in malignant cells, including HCC (6-9), use
of medications that inhibit mTOR might hinder HCC recurrence.

Sirolimus is an mTOR inhibitor with immunosuppressant properties and is used to prevent
graft rejection among solid organ recipients, but use of this medication in liver
transplantation (LT) remains controversial. In 2002, a randomized trial showed higher rates
of graft loss, hepatic artery thrombosis, and death among liver recipients randomized to
sirolimus (10). However, these trial results have not since been replicated, and retrospective
cohort studies have found lower or similar rates of adverse outcomes among liver recipients
treated with sirolimus (10, 11). Additionally, the benefits of mTOR inhibitors may outweigh
the risks among transplant recipients with high cancer risk, such as those who receive a liver
transplant as treatment for HCC (11).

Along these lines, observational studies of liver recipients with HCC have reported lower
cancer recurrence rates and better survival among sirolimus users (12-14). However, most of
these studies came from single institutions, which have a restricted range of practice patterns
and experience systematic changes in immunosuppression protocols over time. In particular,
sirolimus use was typically restricted to the most recent calendar years in these studies and is
therefore potentially correlated with improvements in HCC staging and surgical practice
over time (13, 15, 16). Using the Scientific Registry of Transplant Recipients (SRTR, the
U.S. national transplant registry), one prior study demonstrated better survival associated
with sirolimus use among liver recipients with HCC (12). However, the study relied upon
immunosuppression data provided by the transplant centers at the time of initial hospital
discharge, which may be unreliable. Additionally, this study did not consider associations
with HCC recurrence or cancer-specific death.
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To address the limitations of these prior studies, we conducted a large observational study
linking the SRTR to pharmacy claims data to estimate the effect of sirolimus-based
immunosuppression on HCC recurrence, cancer-specific mortality, and overall mortality.

We identified liver recipients through the SRTR, a database of all U.S. solid organ transplant
recipients which includes information on organ recipients’ demographic characteristics,
indications for transplant, donor organ characteristics, and transplant outcomes including
death (17). We included liver recipients in the SRTR who had received waitlist exception
points for HCC and for whom the SRTR had information on tumor size. The SRTR was
linked with national pharmacy claims obtained from IMS Health (www.imshealth.com) to
capture immunosuppressant medication use after hospital discharge. The analysis was
restricted to HCC liver recipients transplanted during 2002—-2012 with IMS claims for
immunosuppressant medications in the first 3 months after transplantation.

Recipients with sirolimus use reported in both their SRTR discharge regimen and IMS
Health claims in the first three months after transplantation were considered sirolimus users.
Recipients with no sirolimus reported in their SRTR discharge regimen and no sirolimus
claims in the first three months were considered sirolimus non-users. Recipients with
discrepant sirolimus information (sirolimus reported only in SRTR or only in IMS) were
excluded from analyses. We conducted an intention-to-treat analysis, in which recipients
treated with sirolimus in the first three months after transplantation were considered
sirolimus exposed for the duration of subsequent follow-up regardless of subsequent claims,
while recipients not using sirolimus in the first three months were considered sirolimus
unexposed. While sirolimus use may have changed over time after transplantation, these
changes might have been triggered by clinical events related to an incipient recurrence. We
chose not to account for these changes in order to avoid introducing bias into the analyses.
However, we did find that among the sirolimus users in our study with pharmacy claims
beyond 3 months post-transplant, the majority (74%) continued to have sirolimus claims
beyond 3 months.

The outcomes of interest were death from any cause, cancer-related death, and HCC
recurrence, as ascertained through SRTR. Cancer-related death was defined as any death
classified as caused by a cancer, excluding post-transplant lymphoproliferative disorder. At-
risk time for the outcomes began at three months following transplantation and ended at the
first of: HCC recurrence (in analyses in which that was the outcome of interest), death, or
last date of recipient follow-up information. Recipients who experienced HCC recurrence in
the first three months after transplantation were excluded from all analyses, as these
recurrences could have influenced early sirolimus use. We also assessed associations of
sirolimus with non-cancer cause-specific deaths as secondary outcomes of interest,
specifically deaths from graft failure, infection, and cardiovascular disease.

Rates of all-cause mortality, cancer-related mortality, and recurrence were calculated among
the sirolimus-exposed and unexposed. For each group, we constructed Kaplan-Meier curves
to estimate overall survival proportions and cumulative incidence curves accounting for the
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competing risk of death to evaluate the proportion of recipients with an HCC recurrence
across time (18). Associations with sirolimus were estimated using Cox regression adjusting
for variables selected based on correlations with sirolimus use in our data and a priori
knowledge of potential predictors of mortality and recurrence: ethnicity, calendar year of
transplant, total tumor volume, alpha-fetoprotein (AFP) level, allocated Model for End-Stage
Liver Disease (MELD) score based on exception points, calculated MELD score based on
laboratory values, use of IL-2 induction therapy, and transplant center volume. For
characteristics that could change over time, such as total tumor volume and AFP level, we
used the most proximal values collected prior to transplant. The time scale for Cox
regression was time since LT. We evaluated potential changes in the effect of sirolimus over
time by testing interaction terms of sirolimus use with the log of time since transplantation
in the multivariable model.

Sirolimus users and non-users had some characteristics that appeared to differ between the
two groups but that included categories too infrequent to include in a parsimonious
multivariable model. We therefore conducted sensitivity analyses after excluding these
infrequent categories, in order to evaluate the effects on sirolimus associations. Specifically,
we estimated sirolimus associations among: 1) recipients who met Milan criteria (19), 2)
recipients without a history of renal failure, and 3) recipients with a deceased liver donor.
We decided a priori to evaluate potential effect modification by recipient age and total tumor
volume at transplant, and we present stratified analyses using cut-offs near the median
values for these characteristics (<55 or >55 years for recipients age, and <7 cm3 or =7 cm3
for total tumor volume).

In a sensitivity analysis, we adjusted for the variables included in the initial multivariable
regression model by using them to calculate propensity scores. We then ran the proportional
hazards models assessing the associations of sirolimus with post-transplant outcomes
stratifying on deciles of the propensity score.

All statistical analyses were done using SAS version 9.3. Ethical approval or exemption
from review was given by institutional review boards at the National Cancer Institute and
HRSA.

Between 2002 and 2012, there were 13,991 U.S. liver transplants performed in recipients
who had received HCC exception points while on the waitlist. Of these, 4,480 liver
recipients had claims data on immunosuppressant medications in the first three months after
transplantation. Among these recipients, 75 were excluded because they had an HCC
recurrence, died, or had their last follow-up information before 3 months post-
transplantation. Additionally, 241 recipients had discrepant sirolimus information in SRTR
and IMS Health, including 38 recipients for whom sirolimus use was only reported in SRTR
and 203 recipients for whom sirolimus use was only reported in IMS Health claims. Tumor
size information was not available for 228 recipients.
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After these exclusions, 3,936 HCC liver recipients remained in our study population with a
median follow-up of 2.8 years starting 3 months post-transplantation (maximum follow-up
of 11 years). Among these recipients, 234 (5.9%) received sirolimus in their initial
immunosuppressant regimen (Table 1). For the majority of these recipients (62%), sirolimus
claims were identified within a week following transplantation.

Recipients using sirolimus were similar to those not using sirolimus with regard to sex, race,
and age (Table 1). Prior to transplantation, sirolimus users and non-users had similar total
tumor volumes, AFP levels, and allocation MELD scores. Liver recipients on sirolimus were
transplanted in more recent calendar years than non-users (median 2009 vs. 2008), and they
were more frequently transplanted at large centers. Also, sirolimus users were more
frequently Hispanic, had higher calculated MELD scores, more frequently had tumors that
did not meet Milan criteria (11% vs. 5%), and more frequently received anti-IL-2 induction
therapy at transplantation (Table 1).

Among recipients who lived at least three months post-LT, there were 879 subsequent
deaths, including 261 deaths attributable to cancer. Sirolimus users did not differ from non-
users in terms of all-cause mortality (adjusted hazard ratio [aHR]: 1.01, 95%CIl: 0.73-1.39;
Figure 1). While cancer-specific mortality appeared lower in sirolimus users, the association
was not significant (aHR: 0.80, 95%Cl: 0.43-1.50) (see Table 1 and Table 2 for supporting
details). The estimates of association with all-cause mortality and cancer-specific mortality
did not vary over time since transplantation (p-values for interaction=0.37 and 0.14,
respectively). When other causes of death were assessed, sirolimus was associated with a
non-significant increase in death from graft failure (Table 3).

There were a total of 242 HCC recurrences observed across follow-up, of which 11 occurred
in sirolimus users (Table 1). The HCC recurrence rate in sirolimus users appeared lower, but
again the reduction was not statistically significant (aHR: 0.86, 95%CI: 0.45-1.65); the
magnitude of the association with sirolimus did not change over time since transplantation
(p-value for interaction=0.83, Figure 1).

In a sensitivity analysis using propensity scores to adjust for potential differences in
sirolimus users and non-users, the associations of sirolimus with post-transplant outcomes
were similar to the main analysis (all-cause mortality aHR: 1.02, 95%CI: 0.74-1.40; cancer-
specific mortality aHR: 0.85, 95%ClI: 0.45-1.62; HCC recurrence aHR: 0.76, 95%ClI: 0.39-
1.49).

Similarly, there were no clear differences in all-cause mortality after limiting to recipients
who met Milan criteria (aHR: 0.98, 95%CI: 0.70-1.39), recipients without a history of renal
failure (aHR: 1.01, 95%CI: 0.73-1.40), and recipients with a deceased liver donor (aHR:
1.00, 95%CI: 0.72—1.38; Table 2). Nonetheless, cancer-specific mortality and recurrence
rates were non-significantly lower among sirolimus users in these subgroups, mirroring the
primary analyses. Total tumor volume prior to transplantation did not appear to modify the
effect of sirolimus (p-value for interaction >0.20 for all outcomes, Table 2).

Results differed by recipient age at transplantation, particularly for sirolimus associations
with all-cause mortality (p-value for interaction=0.004). For recipients 55 years of age or
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younger at transplantation, sirolimus was associated with higher all-cause mortality (aHR:
1.76, 95%CI: 1.12-2.75). Among these younger recipients, sirolimus users also had higher
recurrence and cancer-specific mortality rates, though these associations were not
statistically significant (Table 2). For recipients older than 55 years of age, sirolimus had a
borderline association with lower all-cause mortality (aHR: 0.62, 95%CI: 0.38-1.01). In this
older age group, sirolimus was also associated with non-significant reductions in cancer-
specific mortality (aHR: 0.34, 95%CI: 0.11-1.09) and recurrence (aHR: 0.52, 95%ClI: 0.19—
1.44).

DISCUSSION

In this large U.S. study in which we utilized two independent sources of data on use of
immunosuppressant medications, we did not observe clear evidence for a benefit of
sirolimus use for recipients of liver transplants for HCC. All-cause mortality rates were the
same for sirolimus users and non-users. While recurrence rates and cancer-specific mortality
rates tended to be lower among sirolimus users, these differences did not achieve statistical
significance. Among younger recipients, sirolimus users had higher mortality and recurrence
rates, while there was a suggestion that sirolimus may reduce recurrence and mortality
among older recipients. However, no statistically significant reductions were seen in any
subgroup of recipients.

Although mTOR inhibitors have anti-carcinogenic properties, use of sirolimus may lack
meaningful benefit in this population for a number of reasons. While mutations leading to
hyperactivation of the mTOR pathway have been characterized in HCC (8), hyperactivation
is not uniformly present in all HCC tumors (9, 20) and was likely absent in some of the HCC
cases in our study. Inhibiting mTOR would have no effect on tumors that are not dependent
on the mTOR pathway, thus diluting the overall effect observed among liver recipients with
HCC. It is also possible that sirolimus doses were too low to be effective for cancer
prevention, as doses of mTOR inhibitors used to prevent graft rejection are typically lower
than doses used in cancer treatment. In addition, HCC tumors are known to have high levels
of within-tumor heterogeneity (21), which may allow the tumor to evolve resistance in
response to mTOR inhibition.

Providing further evidence of the limits of HCC control through mTOR inhibition, a recently
completed randomized trial of sirolimus-based immunosuppression in liver recipients with
HCC did not find evidence of improved recurrence-free survival (22). Additionally, a
randomized trial of patients with advanced HCC treated outside the transplant setting found
no benefit associated with use of everolimus (an mTOR inhibitor that is molecularly similar
to sirolimus) (23). While the prior observational study using SRTR data reported a survival
benefit associated with sirolimus use in HCC liver recipients (12), we were unable to
reproduce this result, even when we attempted to replicate their study design and methods.
Specifically, when we limited our study population to fit the inclusion criteria of the prior
observational study and only used SRTR data on immunosuppressant medications to define
sirolimus use, we estimated that 5-year survival was 75% among both sirolimus users and
non-users, in contrast to the previously reported results showing 83% survival among
sirolimus users and 69% survival among sirolimus non-users (12).
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The lack of a reduction in all-cause mortality may also be partly due to adverse effects of
sirolimus use, which might negate any improvements in survival due to reduced HCC
recurrence. Such adverse events might include hepatic artery thrombosis, as observed in the
prior randomized trial of liver recipients (10). Although we could not directly assess these
events in our study, we did observe a non-significant increase in deaths from graft failure in
sirolimus users, some of which could potentially be attributable to hepatic artery thrombosis.
Higher rates of hyperlipidemia and hyperglycemia have also been observed in liver
recipients treated with mTOR inhibitors (24), and among kidney recipients, nephrotoxicity
has been observed when sirolimus is used in conjunction with calcineurin inhibitors (25). Of
note, another study that used SRTR data to assess outcomes related to sirolimus use in liver
recipients, but was not restricted to HCC patients, found that sirolimus was associated with
significantly higher mortality among recipients with hepatitis C infection (26).

It is more difficult to interpret the associations that we observed for cancer-specific mortality
and HCC recurrence, for which there was suggestive but inconclusive evidence of a benefit.
While the effect was marginal and nonsignificant for the overall group of liver recipients,
mTOR inhibitors may still be useful in particular subgroups. In our study, among people
older than 55 years of age at transplantation, sirolimus users had lower recurrence, cancer-
specific mortality, and all-cause mortality rates, though these associations were still not
statistically significant. Importantly, among the younger recipients, all-cause mortality was
higher with sirolimus use, indicating that sirolimus use may actually be detrimental in this
subgroup. This difference may reflect varying molecular characteristics of tumors in
different age groups, or differences in recipients’ susceptibility to side effects of the various
immunosuppressant medication options. Associations in stratified analyses could also be due
to chance and should be interpreted with caution. In contrast to our study, the recent trial in
liver recipients with HCC found that sirolimus use appeared most beneficial among younger
recipients, specifically those less than 60 years of age (22).

Although beyond the scope of our study, we speculate that molecular subtyping of tumors
might best identify a subset of recipients who would benefit from the use of sirolimus or
everolimus, given that mTOR inhibitors would be expected to be most effective against
tumors with mTOR pathway hyperactivation. Another group of recipients that may be more
likely to benefit from mTOR inhibitors are those who have already experienced a recurrence
after HCC LT. Once a recurrence occurs, it is far more likely that the recipient will die from
cancer than from other causes, and so switching to an mTOR inhibitor-based
immunosuppressant regimen may be beneficial.

Our large study of HCC liver recipients has a number of strengths. Unlike most prior
observational studies of sirolimus among HCC liver recipients (14), our study drew from
numerous transplant centers across the United States, and so we were able to evaluate
sirolimus users and non-users transplanted during the same calendar periods. We capitalized
on the availability of pharmacy claims data in addition to the information from the SRTR in
order to confidently categorize recipients as sirolimus users or non-users. The identification
of a number of discrepancies between SRTR information and pharmacy claims confirmed
that a single source of information may not always be reliable. We evaluated multiple
outcomes, including recurrence and cancer-specific mortality, in order to more clearly assess
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whether sirolimus had an effect on the course of HCC. We were also able to evaluate these
outcomes over an extended follow-up period after transplantation, which was longer than in
typical randomized trials.

We acknowledge that there were also several limitations. While measures such as AFP and
total tumor volume did not differ notably between sirolimus users and non-users, we lacked
information on other measures of HCC severity, such as HCC tumor grade. Clinicians may
have disproportionately prescribed sirolimus to recipients with more severe HCC, thus
leading to a greater risk of recurrence and mortality among sirolimus users. We also did not
have information on ablative treatment prior to transplantation, which could affect outcomes
after transplantation. While our study was one of the largest to date evaluating sirolimus use
among HCC liver recipients, we still had a small number of sirolimus users. Given our
sample size and length of follow-up, we only had 80% power to detect a 42% decrease in
all-cause mortality and a 75% decrease in HCC recurrence among sirolimus users. Thus, our
ability to detect more modest effects, which might still be clinically meaningful, was limited.
The available sample also limited our ability to assess the effects of sirolimus in some
subgroups of recipients. For example, sirolimus may be more useful in recipients who are
transplanted when their tumors do not meet Milan criteria at transplantation, but in our study
there were only 25 sirolimus users who met this description.

In conclusion, our study did not indicate a clear benefit of sirolimus use among liver
recipients with HCC in terms of overall survival, although there was a suggestive reduction
in cancer-specific mortality and HCC recurrence. Of interest, effects appeared to vary by age
at transplant, and sirolimus use in our study was associated with significantly worse overall
survival in younger recipients. Currently, randomized clinical trials evaluating sirolimus and
everolimus use among liver recipients with HCC are ongoing (clinicaltrials.gov:
NCT00355862, NCT02081755) (27). Completion of these trials will provide further
evidence to inform the use of MTOR inhibitors in this population. Even if these trials fail to
demonstrate benefit for recipients with HCC overall, mTOR inhibitors could still play a role
in treating subsets of recipients, such as recipients with molecularly characterized tumors
indicating mTOR pathway hyperactivation or those who have already experienced a
recurrence after transplantation.
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mTOR mammalian target of rapamycin
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Figure 1. Overall survival and cumulative incidence of hepatocellular carcinoma recurrence
among sirolimus users and non-users

The upper curves depict the overall survival probability across time after 3 months post-
transplant for sirolimus users and non-users. The lower curves depict the cumulative
incidence of HCC recurrence after accounting for the competing risk of death.
SRL=sirolimus
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Characteristics of liver recipients with hepatocellular carcinoma, and outcomes following transplantation,

stratified by sirolimus use

Table 1

Characteristic Sirolimus Exposed ~ Sirolimus Unexposed  p-value
Recipients (N=234)  Recipients (N=3702)
Sex, N (%) 0.97
Female 54 (23%) 858 (23%)
Male 180 (77%) 2844 (77%)
Race, N (%) 0.73
White 190 (81%) 3026 (82%)
Black 25 (11%) 344 (9%)
Other 19 (8%) 332 (9%)
Ethnicity, N (%) 0.02
Hispanic 40 (17%) 446 (12%)
Non-Hispanic 194 (83%) 3256 (88%)
Ageat transplantation in years, median (IQR) 57 (53-62) 57 (53-62) 0.96
Prior renal failure, N (%) 0.16
Yes 1 (0%) 59 (2%)
No 233 (100%) 3643 (98%)
Type of donor, N (%) 0.17
Living 1 (0%) 57 (2%)
Deceased 233 (100%) 3645 (98%)
Calendar year at transplantation, median (IQR) 2009 (2007-2011) 2008 (2005-2011) <0.001
Transplant center volume? <0.001
<150 70 (30%) 1078 (29%)
299-150 20 (9%) 1737 (47%)
>300 144 (62%) 887 (24%)
Total tumor volume, median (IQR) 7.7 (4.2-15.7) 7.2 (2.9-15.6) 0.13
Met Milan criteria, N (%) <0.001
Yes 209 (89%) 3526 (95%)
No 25 (11%) 176 (5%)
AFP in ng/mL, median (IQR)? 13 (5-55) 11 (5-40) 0.33
AFP <500 ng/mL, N (%)% 0.54
Yes 210 (94%) 3219 (95%)
No 13 (6%) 166 (5%)
Allocation MEL D score, median (IQR)¢ 25 (22-25) 24 (22-28) 012
Calculated MEL D score, median (IQR)¢ 13 (10-16) 12 (9-16) 0.04
Serum creatinine in mg/dL, median (IQR)¢ 0.9 (0.7-1.1) 0.9 (0.7-1.1) 0.95
Bilirubin in mg/dL, median (IQR)€ 18(1.2-2.8) 16(1.0-2.7) 0.08
INR, median (IQR)® 1.4 (1.2-15) 1.3 (1.1-15) 0.002

Anti-IL 2 induction therapy

Liver Transpl. Author manuscript; available in PMC 2017 May 01.
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Characteristic SirolimusExposed  SirolimusUnexposed  p-value
Recipients (N=234)  Recipients (N=3702)

Yes 168 (72%) 1821 (49%)

No 66 (28%) 1881 (51%) <0.001
Polyclonal antibody induction therapy

Yes 16 (7%) 294 (8%)

No 218 (93%) 3408 (92%) 0.54
Days from transplant to first sirolimus claim, median (IQR) 6 (5-15) -
Outcomes following transplantation
Deaths, N 47 832

Rate per 100 person-years (95% CI) 6.43 (4.73-8.56) 6.03 (5.63-6.45)
Cancer-Specific Deaths, N 13 271

Rate per 100 person-years (95% CI) 1.78 (0.95-3.04) 1.96 (1.74-2.21)
Recurrences, N 11 231

Rate per 100 person-years (95% CI)

1.54 (0.77-2.75)

1.71 (1.50-1.95)

Page 13

Chi-squared tests were used to calculate p-values for categorical variables. Wilcoxon rank-sum tests were used to calculate p-values for continuous

variables.

a . - ] . . .
Transplant center volume was measured as the number of liver transplants done for recipients with a hepatocellular carcinoma diagnosis between

2002 and 2012

b, - . . .
328 recipients (8.3%) did not have information on AFP.

c . . -
Values were based on most recent measurement/score prior to liver transplantation.

IQR=interquartile range, AFP=alpha-fetoprotein, MELD=Model for End-Stage Liver Disease, INR=international normalized ratio
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Table 3

Associations of sirolimus with non-cancer causes of death

Hazard ratio comparing sirolimus usersto non-users
(95% confidence interval)

Cause of death Unadjusted Adjusted®

Graft failure 1.78 (0.98-3.23) 1.80 (0.93-3.48)
Infection 0.39 (0.10-1.57) 0.41 (0.10-1.70)
Cardiovascular disease 1.00 (0.31-3.20) 1.18 (0.35-3.95)

a . .
Models are adjusted for ethnicity, calendar year of transplant, total tumor volume, AFP, allocated MELD score, calculated MELD score, transplant
center size, and use of IL-2 induction therapy.
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