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/ Abstract \

Background and Objectives: Survival of patients treated by liver transplantation for hepatocellular carcinoma (HCC) remains excellent, with
more that 75% 5-year survival. By contrast, overall survival of HCC patients in large populations remains less than 30% at 5 years. Our aims were
to examine whether this discrepancy was due to the low proportion of patients who get treated by liver transplant in our HCC cohort and why.
Materials and Methods: New patients presenting with HCC at our institution over the last 5 years were evaluated in this prospective study.
Baseline tumor evaluation was done by CAT scan and routine hematology and liver function laboratory values were recorded, as was survival.
Results: Almost all new HCC patients (n=628) over 5 years at Inonu University hospital were evaluated. 191 patients (30.4% of the total
cohort) received potentially curative and survival-extending liver transplants, while 384 patients (61.1% of the total cohort) received non-surgical
therapies, 53 patients (8.4%) could not receive any oncologic therapy.

Transplanted HCC patients had smaller, less aggressive HCCs, worse liver function and a mean survival of 43.06 + 1.41 months. Non-surgically
treated HCC patients had larger, more aggressive HCCs, better liver function, and a mean survival of 31.51+1.53 months, p<0.001. No-therapy
patients had both most aggressive HCCs and worst liver function, and a mean survival of 4.41+£0.95 months.

Conclusions: Survival after liver transplant was significantly longer than without liver transplant. Future efforts need to focus on HCC prevention,
early detection, and in identifying/treating additional HCC patients who could be rendered transplant-eligible.

Lay summary. Long survival is mainly associated with liver transplant, yet only one third of our patients were eligible for transplant, because the
other patients had tumors that were too advanced for transplantation at presentation.

Simple Summary: Hepatocellular carcinoma (HCC) is essentially cured (>75% 5-years survival) when patients within accepted criteria are
treated by liver transplant. Other, non-surgical treatments result in dramatically shorter survival times. We collected data on all patients being
referred for HCC treatment over a 5-year period and found that only 30.4% were offered transplant. To investigate the reasons, we compared
baseline clinical and tumor characteristics of all new patients on presentation at our institute and found that transplanted patients have smaller
and less aggressive HCCs. We discuss whether this is due to a different HCC biology or absence of surveillance or whether the transplant criteria
might be too stringent.

\Keywords 1 HCC, transplant, size, survival, cirrhosis.
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INTRODUCTION

Multiple newoncologicaltreatments have beenintroducedinto
clinical practiceinthelast 20 years for the treatment of patients
with advanced stages of hepatocellular carcinoma (HCC), who
are ineligible for potentially curative liver transplantation.
These agents include transhepatic arterial radioembolization

(TARE), the tyrosine kinase inhibitors sorafenib, regorafenib,
lenvatinib, ramucirumab and cabozantinib [1], as well as the
immune checkpoint inhibitors, either in combination with an
anti-angiogenic agent (atezolizumab plus bevacizumab) or
the combination of 2 different classes of immune checkpoint
inhibitor (durvalumab plus tremelimumab) [2, 3]. This
combination recently showed a 48-month overall survival
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rate of 25.2% [3, 4]. Although we do not yet have approval
for use of immune checkpoint inhibitor drugs for HCC in
Turkiye, we wished to evaluate the percentage and survival
of patients selected for live-donor liver transplant versus any
other therapy, in our high HCC throughput institution. This
was made possible by the identification and documentation
over the last 5 years of almost all HCC patients presenting
at our institute and recorded in our weekly liver cancer
tumor board, including all HCC patients selected for liver
transplant, loco-regional therapy, medical oncology referral,
or no therapy/best supportive care [BSC]. We show here
that in the pre-immune checkpoint inhibitor period, no non-
surgical therapy came close to the survival resulting from
liver transplant for HCC patients. This may reflect selection of
patients for liver transplant who have less aggressive tumor
biology, but also points to the low percent of patients who
are offered potentially curative therapy due to their advanced
stage at presentation.

METHODS

Clinical

This prospective study was based upon the patients presented
to our weekly institutional Liver Tumor Board from 2019-2023.
Almost all patients presenting with HCC at our institution
over the last 5 years were evaluated in this prospective study.
Baseline tumor evaluation was done by computerized axial
tomography (CAT) scan assessment of maximum tumor
diameter (MTD) and tumor numbers. Routine hematology
and liver function and alpha-fetoprotein (AFP) values were
recorded, as were demographics and survival.

Statistical.

Normality of the quantitative data was assessed by Shapiro-
Wilk test. Two independent group comparisons were
performed by Mann-Whitney U test. Median, interquartile
range, minimum and maximum values were used to
summarize the quantitative data. Distribution of the qualitative
data was presented by count and percentage. Comparisons
according to qualitative data were performed by continuity-
corrected chi-square test or Pearson'’s chi-square test due to
sample size assumptions. Kaplan-Meier method was used for
survival estimations and Log-Rank test was used for survival
comparison between groups. Cox regression was used to
obtain Hazard Ratios. In all analyses two-way significance
level considered to be <0.05.

Ethical considerations

Patient information was prospectively collected and de-
identified. This study was approved by the Inonu University
scientific research and publication ethics board, Health
Sciences Non-Interventional Clinical Research Ethics Board,
approval decision #2024/6196. This work complied with the

guidelines for human studies and was conducted ethically in
accordance with the World medical Association Declaration
of Helsinki.

RESULTS

Total cohort

Almost all new HCC patients (including 191 for live donor
liver transplantation, 384 for non-surgical oncologic therapies
and 53 receiving best supportive care, total 628) presenting
over 5 years at Inonu University hospital, were evaluated.
Characteristics of the unstratified total cohort and survival is
shown in Tables 1 and 2. The median age was 61 years. Of
the 628 patients, 15.4% were female and 84.6% were male.
The median maximum tumor diameter (MTD) was 4.5cm,
median percent of patients with portal vein thrombosis (PVT)
was present in 37.1% of patients and median serum alpha-
fetoprotein (AFP) was 24.3 IU/mL. The serum platelets and
liver function tests were either normal (AST) or only slightly
abnormal (total bilirubin, ALP, GGT, albumin, platelets) as seen
in Table 1, and the median survival of the total unstratified
cohort was 38.48+1.35 months, shown in Table 2. However,
these median values were not nearly as informative, as in the
patient subsets, below.

Table 1. Clinical characteristics of unstratified total cohort
[n=628].

Median [IQR] [Min.-Max.]
Age 61 [13] [1-89]
MTD [cm] 4.5 [6.5] [0-35]
AFP 24.3[393.5] [0-97248]
Neutros 3.65[2.9] [0.42-48.8]
Lymphs 1.27[0.9] [0-18]
Platelets 144 [139] [2.64-920]
PLR 111.34[107.13] [1.66-6423.08]
Albumin 3.3[1.1] [1-25]
T.Bil 1.34[1.52] [0-33.83]
AST 57 [63] [12-7789]
ALKP 134[110] [21-2327]
GGT 105 [154] [8-1620]
CRP 0.93[2.32] [0-351]
ESR 23[33] [0-119]

Abbreviations: HCC, hepatocellular carcinoma; WBC, White
blood count; TBil, Total bilirubin; AST, Aspartate amino
transferase; ALKP, Alkaline phosphatase; GGT, Gamma
glutamyl neutron, neutrophils; Lymphs,
lymphocytes; MTD, maximum tumor diameter; PVT, portal
vein thrombosis; AFP, alpha-fetoprotein; CRP, C-reactive

transferase;
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protein; ESR, erythrocyte sedimentation rate.

Table 2. Survival of unstratified total cohort.

Survival [mo.] 2-years cumulative survival
Mean+SE rate
38.48+1.35 70.3%

Survival in patients treated by liver transplant versus other modalities.

One hundred and ninety one patients (30.4% of the cohort) received potentially curative and survival-extending live-donor liver
transplants, while 384 patients (61.1% of the cohort) received non-surgical therapies.

The mean and 2-year cumulative survivals are shown in Table 3.

Table 3. Survival comparison between treatment groups, non-transplant or liver transplant patients.

Survival [mo.] Log-Rank 2-years cumulative | HR HR
Mean+SE p-value survival rate [95% C.1.] p-value
No
Tx[N=384] 31.51+1.53 <0.001 62.6% 3.052 [2.089-4.459] <0.001
Tx [n=191] 43.06+1.41 83.8% reference

Transplanted patients had a mean survival of 43.06 + 1.41 months, while non-surgical treated patients had a mean survival
of 31.51+1.53 months, p<0.001. The 2-year cumulative survivals were 83.8% and 66.6% respectively, with a hazard ratio (HR)
for non-surgery of 3.052 (2.089-4.459, 95% confidence interval, Cl) and an HR p-value of <0.001. The cumulative survivals and
follow-up are shown in the accompanying Figure 1.

Figure 1. Survival comparison of no surgery and transplant treatment groups.
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Clinical patient characteristics in transplant and non-transplant treatment groups.

The patient clinical characteristics were next examined, to try to understand the basis for the large survival difference between
liver transplantation and non-transplant therapies, shown in Tables 4A and 4B. Maximum tumor diameters (MTDs) were
significantly smaller in the transplant compared with the non-transplant group (median MTD was 2.5 cm versus 6.5 cm) and the
median serum AFP levels were lower (median 9.6 versus 38.5 IU/mL) and the percent of patients with portal vein thrombosis
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(PVT) was also much lower (21.3% versus 46.3% of patients) in the transplant versus the non-transplant treatment groups.
Serum GGT levels and AFP levels were higher in the non-transplant patients, consistent with their more aggressive tumors. The
blood total bilirubin levels were also higher and platelet and albumin levels were lower in the transplanted patients, indicative
of more severe cirrhosis. There was significantly more cirrhosis in the transplant compared to the non-transplant group (94.8%

versus 40.9%) as well as HBV-based etiology (55% versus 16.1%).

Table 4A. Clinical characteristics of non-transplant and liver transplant treatment groups.

Non-transplant [n=384] Transplant [n=191]
Parameter Median [IQR] [Min.-Max.] Median [IQR] [Min.-Max.] o]
Age 63 [13] [18-89] 57 [15] [1-72] <0.001
MTD [cm] 7 [8.9] [0.4-35] 2.5[3.23] [0-26] <0.001
AFP 53.05[994.71] [0-97248] 9.6 [34.1] [0.3-55000] <0.001
Neutros 4[3.18] [0.42-48.8] 3[2.27] [0.68-22.9] <0.001
Lymphs 1.32[0.88] [0-8.59] 1.11 [0.88] [0.03-18] <0.001
Platelets 174.5[145.25] [2.64-920] 95 [83] [15-701] <0.001
PLR 125.27 [102.59] [1.66-1002.86] 81.48 [70.68] [2.61-6423.08] <0.001
Albumin 3.411.1] [1-25] 3.11[1] [1.5-5.2] <0.001
T.Bil 1.17[1.3] [0-33.83] 1.9[2.73] [0.23-32.7] <0.001
AST 59 [66] [12-782] 57 [57] [14-7789] 0.732
ALP 139.5[128.25] [21-1649] 121 [91] [36-2327] 0.023
GGT 130.5[190.25] [8-1620] 77 [86] [12-702] <0.001
CRP 1.17 [3.47] [0-351] 0.83[1.37] [0.3-41.7] 0.003
ESR 29 [34] [0-119] 21[31.5] [0-109] 0.018
Abbreviations: PLR, platelet lymphocyte ratio; HBV, hepatitis B virus; HCV, hepatitis C virus; others as in Table 1.
Table 4B. Clinical Characteristics of non-transplant and transplant treatment groups [cont].
Parameter [%] Non-transplant [n=384] Transplant [n=191] o]
Gender Female 18 10.5 0.026
Male 82 89.5
Cirrhosis No 591 >2 <0.001
Yes 40.9 94.8
HBV No 839 45 <0.001
Yes 16.1 55
HCV No 95.8 91.6 0.060
Yes 4.2 8.4
PVT No 53.7 78.7 <0.001
Yes 46.3 21.3
Number of nodules ! 48.9 46.8 0.659
>1 51.1 53.2
MTD <5cm 41.1 80.3 <0.001
>5cm 58.9 19.7
AFP <200 62 88.5 <0.001
>200 38 11.5
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cor <150 59.4 80.6 0,001
>150 406 19.4

T.Bil <2 82.4 234 <0.001
>2 17.6 466

oLR <150 63.4 80.1 0001
150 36.6 19.9

Interestingly, PLR, CRP and ESR levels, which are all indices of inflammation, were higher in the non-transplant group with the
larger and more aggressive HCCs. Similarly, large HCCs (>5cm MTD) constituted a significantly higher proportion of the non-
transplant versus the transplant patients (58.9% versus 19.7%), as were patients with significantly elevated serum AFP levels
>200 IU/mL (38% versus 11.5% patients), significantly elevated serum GGT levels of >150 IU/mL (40.6% versus 19.4% patients)
and significantly elevated PLR >150 (36.6% versus 19.9%). By contrast, the number of patients with elevated serum bilirubin
levels of >2.0 mg/dL was significantly greater in the transplant group (46.6% versus 17.6% patients).

Locoregional therapies and best supportive care

Non-metastatic HCC patients in our practice were typically assigned to loco-regional therapies (LRT) of chemoembolization
(TACE) previously, or to radioembolization (TARE) in recent years, with a very small proportion who were unsuitable for TARE
being referred for oral Sorafenib therapy. Patients with poor performance status or poor liver function who had advanced
HCCs and were therefore ineligible for transplant or other anti-cancer modalities, were assigned to best supportive care (BSC),
n=53 patients (8.4%). Survival amongst the non-surgery groups is shown in Tables 3 and 5B. Mean survival for loco-regional
therapy by transarterial radioembolization (TARE) was 31.51+1.53 months, shown in Table 3. Mean survival for BSC was much
lower, at 4.41+0.95 months, shown in Table 5B). There were not enough BSC patients to present 2-year cumulative survival.
The subset of HCC patients who had macroscopic portal vein thrombosis (PVT) and who were treated with TARE alone or liver
transplant alone, had significant survival differences, with survival after liver transplant alone being much longer, with a mean
of 57.89+6.61 months versus 16.01+2.32 months for TARE alone, p=0.001, as shown in Table 5A.

Table 5A. Survival comparison between treatment groups in PVT positive patients.

Survival [mo.] Log-Rank 2-years cumulative HR HR p-value
Mean+SE p-value survival rate [95% C.I.]

TARE

[n=27] 16.01+£2.32 0.001 35.3% 2.653[1.422-4.950] 0.002

Tx [n=61] 57.89+6.61 64.8% reference

Abbreviations: TARE, transarterial radioembolization; Tx, liver transplantation.

Table 5B. Survival of BSC, no-treatment patients.

Survival [mo.] Mean+SE Survival [mo.] MedianzSE

BSC [n=53] 4.41+0.95 1.5£0.28

BSC, best supportive care.

The clinical characteristics of the small BSC group (n=53) were then examined, as shown in Tables 6A and 6B. The tumors were
much more aggressive than in any of the other groups, with median MTD of 10cm, PVT in 74.1 percent of patients, median AFP
of 636.95 IU/mL, and the liver function was worse than in either the transplant or non-transplant treatment groups, and having
median serum GGT levels of 199 IU/mL, and median serum total bilirubin levels of 2.5 mg/dL. Thus, unlike the treated patient
groups, the BSC patients had both more aggressive HCC parameters as well as poorer liver function.
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Table 6A. Clinical Characteristics of BSC group [n=53].

BSC

Median [IQR] [Min.-Max.]
Age 63 [10] [27-84]
MTD [cm] 10[14.4] [1.8-25]
AFP 636.95[1709] [0.9-97248]
Neutros 4.8 [4.4] [1.6-25.3]
Lymphs 1.2[0.59] [0.3-4.2]
Platelets 168.5[142.25] [11.2-405]
PLR 135.01 [105.56] [16-876.67]
Albumin 2.9[0.85] [1.7-25]
T.Bil 2.5[4.58] [0.5-27.1]
AST 125[137.75] [28-397]
GGT 199 [295.5] [26-1179]

Abbreviations: BSC, best supportive care; others, asin Table 1.

Table 6B. Clinical Characteristics of BSC group [cont].

Parameter [%] BSC
Gender Female 10.9
Male 89.1
Cirrhosis No 43.9
Yes 56.1
HBY No 84.2
Yes 15.8
HCV No 98.2
Yes 1.8
PVT No 25.9
Yes 74.1
Number of nodules ! 357
>1 64.3
MTD <5cm 25.9
>5cm 74.1
AFP <200 34.6
>200 65.4
GGT <150 35.8
>150 64.2
T Bl <2 37.7
>2 62.3
PLR <150 54.7
>150 45.3

Abbreviations: as in Table 1.

DISCUSSION

HCC is a heterogeneous disease, with variations in incidence,
etiology and extent of disease at presentation in different
regions of the globe. Furthermore, both the mix of causes
(less viral and more metabolic), the stage at diagnosis and
the overall survival has been noted to be changing in many
countries over the last 30 years [5-7]. The mix of causes has
been changing due to the use of effective prevention or
treatment of viral causes as well as an increase in obesity
(metabolic causes) in many parts of the world. The stage at
diagnosis has started to decrease in some countries due to
the implementation of active surveillance in patients having
predisposing diseases that place them at increased risk for
HCC development, such as cirrhosis and its causes. Some
countries such as the USA are seeing an increase in survival
over time, likely due to earlier diagnosis [5]. Here in Turkiye
we have also noticed differences in HCC aggressiveness and
survival regionally within the same country [8].

Although most surgical therapy and especially liver
transplantation have previously been described as resulting
in excellent long-term survival in HCC patients [9, 10],
especially compared with non-surgical therapies [11, 12],
we were nevertheless interested to examine why so many
of our patients were not transplant-eligible. This was not
a randomized trial and furthermore, the criteria for liver
transplant are well accepted even though they continue to
develop [13] and are predominantly based on selection of
patients with less aggressive HCCs. The current data is from
our weekly liver tumor board and was prospectively collected
and from 2019 onwards, the non-surgical and no-treatment
(BSC) patient baseline information was also collected.
The current study therefore enabled us to capture and
compare transplant surgery-treated and non-transplanted
HCC patients (who had either non-surgical treatments or
no treatments) during the same time period. There were
additional patients who returned home to faraway places
after their evaluation and whose survival could not be
determined. They were thus excluded from this analysis, and
so the 628 patients reported here (191 liver transplant, 384
non-surgical oncologic therapies, 53 best supportive care) is
to be considered a minimum patient number.

Our principal findings are that just 33.2% of the treated cohort
(or 30.4% of the total cohort that included BSC) received a
liver transplant and their survival was significantly longer than
any other group, as expected. Furthermore, in retrospect
they were not the same patients, by virtue of the transplant
selection criteria. The liver transplant patients had worse
liver function than the non-transplant group and had less
aggressive HCCs with smaller tumors, lower serum AFP levels
and a much lower percentage of patients with PVT, as shown
in Tables 4A and 4B. However, liver failure was a principal
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treatment aim in liver transplant development.

It has previously been reported that patients with more
severe cirrhosis (lower platelet levels as a surrogate marker)
have smaller HCCs than patients with less severe cirrhosis,
who have higher platelet levels and larger HCCs [14, 15].
There may be at least 2 explanations for this. One is that in
the presence of cirrhosis, there may be a limit to the size that
an HCC can grow without causing parenchymal liver damage
and death from liver failure. A second possible explanation
may relate to there being more than one mechanism for HCC
growth, with cirrhosis-associated hepatic inflammation being
one, and oncogene or growth factor-driven HCC growth being
another.

In addition to the liver transplant and non-transplant
treatment groups, the third group of BSC patients could
not receive any cancer therapy, because their HCCs were
too extensive to meet liver transplant criteria plus their poor
liver function did not permit safe downstaging to transplant
with anti-HCC therapies, in addition to their generally poorer
performance status.

Important issues that are raised by these findings concern
the reasons why more patients could not be considered for
liver transplant, considering the excellent long-term survival
that has been reported by many groups for liver transplant
within published defined criteria for transplant for HCC.
These criteria were developed to include those HCC patients
with potential for long-term survival after transplant and
to exclude those unlikely to get long-term survival post-
transplant, based upon the published experience. The latter
group included patients with large tumors, high serum AFP
levels and presence of macroscopic PVT.

The ways forward include diagnosing HCC at earlier stages of
tumor development

(surveillance for those patients with liver diseases placing
them at increased risk for HCC development), identification
of HCC subgroups that may have better prognosis despite
presence of larger tumors or presence of branch PVT, and
of treatment of the underlying causes of HCC, including
treatment of obesity, hepatitis B and hepatitis C.

Our non-transplant treatment patients were associated with
shorter survival than the transplanted patients, as expected.
Interestingly, the subgroup of patients with PVT that is
traditionally considered to be a poor prognosis marker, had
significantly different survivals, depending on whether they
were treated with liver transplant alone (57.8946.61 months)
or radioembolization alone (16.01+£2.32 months), p=0.001.
Given the very large survival differences between patients
who were treated with liver transplant compared with
any other patients, it is reasonable to consider that the
explanation might not only be the treatment choice, but
perhaps a difference in the tumor biology between the 2
treatment groups. The transplanted patients had smaller

HCCs (by choice of treatment selection) and therefore may
have had slower-growing tumors with less aggressive biology,
to explain why their tumors were smaller. On this view, the
patientswith larger tumors had more aggressive tumor biology
(accompanied by higher serum AFP levels and increased
percent of patients with PVT) and their shorter survival may
thus have been predicated on their more aggressive tumor
biology, which resulted in those patients having tumors
that grew beyond the transplant criteria. The treatment and
biology can therefore be viewed in 2 opposite ways, namely
that their transplant caused them to have a longer survival, or
contrariwise, they had better tumor biology, resulting in their
having longer survival after transplant.

There are some newer approaches being considered. Firstly,
we continue to interrogate our expanding HCC database
to try retrospectively to identify characteristics of patient
subsets with longer survival, which can then be applied to
future therapy selection. Secondly, this approach is currently
being applied to patients with macroscopic PVT to attempt
to identify future patient subsets who might benefit from
transplantation and longer survival, despite the presence
of PVT. In this regard, neo-adjuvant TARE and stereotactic
body radiotherapy (SBRT) are being evaluated. Thirdly, we
are considering longer cancer treatment courses and more
aggressive neo-adjuvant therapies, to decrease elevated
levels of the HCC biomarkers AFP and GGT, to determine if that
permits subsequent transplantation with prolonged survival,
especially in those patients with baseline AFP levels >1,000
IU/mL which can potentially be substantially decreased pre-
transplant. Fourthly, we are starting to implement a Network
Phenotyping Strategy, to try to identify at baseline, patients
who might have better prognostic characteristics [16].
Ultimately however, the roles of prevention and earlier HCC
diagnosis will have the greatest impact of all [17], especially
since only 30.4% of our total cohort qualified for liver
transplant, as the remaining patients had either advanced
stage HCC at presentation, that precluded liver transplant
under current guidelines, or had poor liver function that
precluded pre-transplant oncologic therapy. We therefore
need more systematic surveillance of patients at risk for
HCC development, and more aggressive HCC downstaging
by oncologic therapy pre-transplant. We might also consider
including for liver transplant in the future, some patients with
larger size HCCs and that subset of HCC patients with PVT
who have favorable biomarker characteristics. At the time of
this writing, the longest reported non-transplant survival for
combination immune checkpoint inhibitor therapy is 19.6%
at 5-years for durvalumab plus tremelimumab, the STRIDE
regimen [18], which is still a long way from the minimum
of 75% 5-year survival that can typically be achieved by
liver transplant, for HCC patients who are within current
guidelines. The cost of STRIDE therapy is reportedly $46,000
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for the first cycle and then approximately $12,000 for
subsequent cycles [19]. Thus, over 2 years, the cost of STRIDE
and liver transplant at our institution ($200,000) are similar,
with one of them (transplant) being potentially curative and
the other being continued till tumor progression. Since our
program is based on live donor liver transplantation, usually
from family members of the patient, there is no competition
for these same organs, if liver transplant for patients with
more advanced HCC is to be considered. Immune checkpoint
inhibitors are offered for HCC patients beyond transplant
criteria in many countries, and are also being evaluated for
use in the pre-transplant neo-adjuvant setting. Since their
current use is for the first line of systemic treatment of HCC
patients who are beyond current transplant criteria, perhaps
their combination with liver transplant in patients with more
advance HCC might be a reasonable future step.

Limitations of this study include the relatively small patient
numbers in each of the 3 groups and the fact that the patient
groups were dissimilar. Furthermore, the non-transplant
treated patients often went on to other therapies after failing
LRT, as is standard oncological practice.

Conclusions. We are currently able to offer potentially curative
liver transplantation to only 30% of the HCC patients who
presentto us with newly diagnosed HCC, because of advanced
disease at presentation in the other 70% of patients. A multi-
pronged approach is feasible to what could lead to improved
survival in this multifaceted disease.
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TACE, transarterial chemoembolization.
SBRT, stereotactic body radiation therapy.
BSC, best supportive care.
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