Journal of Hepatocellular Carcinoma Dove

ORIGINAL RESEARCH

Outcomes of Radiation Segmentectomy for
Hepatocellular Carcinoma in Patients with
Non-Alcoholic Fatty Liver Disease versus Chronic
Viral Hepatitis

Cynthia De la Garza-Ramos ', S Ali Montazeri', Kaitlyn R Musto', Melissa D Kapp',
Andrew R Lewis', Gregory Frey', Ricardo Paz-FumagaIIi', Sumera IIyasZ, Denise M Harnois3,
Umair Majeed4, Tushar Patel 3, Beau Toskich'

'Division of Interventional Radiology, Mayo Clinic Florida, Jacksonville, FL, USA; 2Division of Gastroenterology and Hepatology, Mayo Clinic
Rochester, Rochester, MN, USA; 3Department of Transplant, Mayo Clinic, Florida, FL, USA; “Division of Hematology and Medical Oncology, Mayo
Clinic Florida, Jacksonville, FL, USA

Correspondence: Beau Toskich, Division of Interventional Radiology, Mayo Clinic Florida, 4500 San Pablo Road, Jacksonville, FL, 32224, USA,
Tel +1 904-953-1496, Email Toskich.Beau@mayo.edu

Purpose: To compare the outcomes of radiation segmentectomy for early-stage hepatocellular carcinoma (HCC) in patients with non-
alcoholic fatty liver disease (NAFLD) versus hepatitis C virus (HCV).

Materials and Methods: A retrospective analysis of consecutive patients with NAFLD- or HCV-related HCC treated with radiation
segmentectomy from 01/2017-06/2022 was performed. Eligibility criteria included solitary tumor <8 cm or up to 3 HCC <3 cm,
ECOG 0-1, and absence of vascular invasion or extrahepatic spread. Imaging best response was assessed per modified Response
Evaluation Criteria in Solid Tumors. Target tumor and overall progression, time-to-progression (TTP), and overall survival (OS) were
calculated. All outcomes were censored for liver transplantation (LT). Complete pathologic response (CPN) was assessed in patients
who underwent LT.

Results: Of 142 patients included (NAFLD: 61; HCV: 81), most had cirrhosis (NAFLD: 87%; HCV: 86%) and small tumors (median
size NAFLD: 2.3 cm; HCV: 2.5 cm). Patients with NAFLD had higher BMI (p<0.001) and worse ALBI scores (p=0.003). Patients
with HCV were younger (p<0.001) and had higher AFP levels (p=0.034). Median radiation dose (NAFLD: 508 Gy; HCV: 452 Gy) and
specific activity (NAFLD: 700 Bq; HCV: 698 Bq) were similar between cohorts. Objective response was 100% and 97% in the
NAFLD and HCV cohorts, respectively. Target tumor progression occurred in 1 (2%) NAFLD and 8 (10%) HCV patients. Target
tumor TTP was not met for either cohort. Overall progression occurred in 23 (38%) NAFLD and 39 (48%) HCV patients. Overall TTP
was 17.4 months (95% CI 13.5-22.2) in NAFLD and 13.5 months (95% CI 0.4-26.6) in HCV patients (p=0.86). LT was performed in
27 (44%) NAFLD and 33 (41%) HCV patients, with a CPN rate of 63% and 54%, respectively. OS was not met in the NAFLD cohort
and was 53.9 months (95% CI 32.1-75.7) in the HCV cohort (p=0.15).

Conclusion: Although NAFLD and HCV are associated with different mechanisms of liver injury, patients with early-stage HCC
treated with radiation segmentectomy achieve comparable outcomes.

Keywords: hepatocellular carcinoma, radiation segmentectomy, NAFLD, viral hepatitis

Plain Language Summary

Patients with advanced liver disease or cirrhosis are at increased risk for hepatocellular carcinoma (HCC). Radiation segmentectomy is
a locoregional therapy with curative intent for early-stage HCC. Patients with early-stage HCC in the setting of non-alcoholic fatty
liver disease and viral hepatitis achieve comparable outcomes with radiation segmentectomy as initial treatment, despite different

mechanisms of underlying liver injury.

Journal of Hepatocellular Carcinoma 2023:10 987-996 987
Received: 25 April 2023 © 2023 De la Garza-Ramos et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at htps://www.dovepress.
AT com/terms.php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By

Accepted: 1 June 2023
Published: 23 June 2023

accessing the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly
attributed. For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-6476-0397
http://orcid.org/0000-0001-7021-9532
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

De la Garza-Ramos et al Dove

Introduction
Hepatocellular carcinoma (HCC) has the seventh highest incidence and fourth highest cancer-related mortality
worldwide.! Approximately 90% of cases of HCC develop in patients with chronic liver disease and cirrhosis. While
viral hepatitis has historically been the leading causative agent of cirrhosis, the incidence of non-alcoholic fatty liver
disease (NAFLD) is rising in both Western and Asian populations, increasing the number of patients at risk for HCC.'**
Patients with NAFLD and viral hepatitis may share risk factors for HCC such as advanced fibrosis/cirrhosis but may differ
considerably in associated co-morbidities and risk factors for other diseases. Potential differences in outcomes between popula-
tions with non-viral versus viral-related HCC treated with systemic therapies have been suggested in several studies.** However,
it remains unknown whether these cohorts may respond differently to locoregional therapy or if they differ in disease course.
Ablative transarterial radioembolization, also known as radiation segmentectomy, using Yttrium-90 containing glass
microspheres is a guideline-endorsed therapy for early-stage, solitary HCC in patients considered ineligible for surgical
resection or thermal ablation.” While the practice of radiation segmentectomy is now a common therapy for HCC, it remains
unknown whether etiology of liver disease impacts the outcome of this therapy. This study aimed to investigate if the outcomes
of radiation segmentectomy for treatment-naive, early-stage HCC differ in patients with NAFLD vs viral-related liver disease.

Patients and Methods

Patient Selection

This study received Institutional Review Board approval and the requirement for written informed consent was waived.
The study population was comprised of consecutive patients with treatment-naive HCC and a history of NAFLD- or
hepatitis C virus (HCV)-related liver disease who underwent radiation segmentectomy at a single tertiary care medical
center from January 2017 through June 2022. Inclusion criteria were HCC diagnosis by radiologic criteria or histo-
pathology, solitary HCC < 8 cm or 2-3 tumors each measuring < 3 cm, absence of vascular invasion or extrahepatic
spread, an Eastern Cooperative Oncology Cohort performance status of 0—1, and at least 3-month follow-up imaging
available. Exclusion criteria were prior HCC therapy and a single-compartment radiation dose <190 Gy. Patients were
assigned to a study cohort based on etiology of liver disease. HCV status was assessed from laboratory reports on HCV
antibody, HCV ribonucleic acid, and HCV genotype testing. NAFLD status was determined from reported radiologic,
histologic, and clinical diagnoses from board certified hepatologists. Patients with other or co-existing etiologies for liver
disease (eg, alcoholic liver disease) were excluded. Fibrosis severity was graded according to the Batts-Ludwig system
from available magnetic resonance or ultrasound elastography, biopsy, or transplant specimens.

Treatment

All patients underwent transarterial radioembolization as initial treatment for HCC as recommended by a multidisciplinary
tumor board. All treatments were performed by one of seven experienced interventional radiologists using Yttrium-90
containing glass microspheres (Therasphere™, Boston Scientific, Marlborough, MA). Radiation segmentectomy treatments
were performed utilizing ablative radioembolization targeted to two hepatic segments or less, spanning both tumor(s) and
surrounding expendable liver.® Dosimetry was calculated using single-compartment Medical Internal Radiation Dose (MIRD)
schema.” Angiosome volumes were obtained from contrast enhanced cone-beam computed tomography (CT) at the time of
mapping angiography.

Outcomes
Imaging best response was assessed at 3- and 6-months post-treatment with contrast-enhanced multiphase magnetic
resonance imaging (MRI), or CT if MRI was contraindicated, per modified Response Evaluation Criteria in Solid Tumors
(mRECIST).® Objective response was defined as the presence of either complete or partial response.

Opverall progression was defined as any new hepatic lesion meeting Liver Imaging Reporting and Data System (LI-RADS)
4 or above criteria; all progressions were subject to additional treatment per multidisciplinary tumor board recommendation.
Target tumor progression was defined as a tumor arising within or in continuation with the margin of the treatment angiosome.
Out-of-field progression was defined as a tumor arising elsewhere within the liver or extrahepatic tissues. Overall time-to-
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progression (TTP) was assessed from the date of radiation segmentectomy to date of first progression per imaging studies, or
date of last available imaging for patients without the event. OS was assessed until the last recorded follow-up. All outcomes
were censored for liver transplantation. Complete pathologic necrosis (CPN) was determined as complete absence of any
viable cell within the target tumor on histopathologic analysis of liver explants.

Statistical Analysis

Continuous data were reported as median (interquartile range [IQR] 25, 75) or median (95% confidence interval [CI])
and compared between study cohorts using the Mann—Whitney U-test. Categorical data were reported as frequency
(percentage) and compared between study cohorts using the chi-square of Fischer’s Exact Test, as appropriate. Kaplan—
Meier curves were used to depict OS, target tumor TTP, and overall TTP. The Log rank test was used to compare the
Kaplan—Meier curves between study cohorts. Logistic regression analysis was used to calculate propensity scores with
the following variables: age, body mass index (BMI), Child-Pugh class, albumin-bilirubin (ALBI) score, alpha-
fetoprotein (AFP) level, and hepatic fibrosis stage. A 1:1 nonreplacement approach was used to match the cohorts
with the nearest neighbor estimator (caliper) of 0.02. Propensity score matching analysis was not performed as only 33
matched pairs were found. A propensity-adjusted multivariate analysis was performed to determine the hazard ratio (HR)
for OS and overall progression between study cohorts. A p-value of <0.05 was considered statistically significant. All
analyses were conducted using IBM SPSS for Windows (Armonk, NY: IBM Corp.) v28.0.

Results

Baseline Patient and Treatment Characteristics

A total of 142 patients with treatment-naive HCC were included for analysis (NAFLD: 61; HCV: 81). Baseline
characteristics are summarized in Table 1. Most patients were male (NAFLD: 72% vs HCV: 74%), had solitary HCC
(NAFLD: 77%; HCV: 86%), small tumor size (median size NAFLD: 2.3 cm; HCV: 2.5 c¢cm), and low platelet count
(median platelet count NAFLD: 92x10°/L; HCV: 105x10°/L).

Most patients had advanced liver disease. Severity of hepatic fibrosis per the Batts-Ludwig scoring system was
similar between cohorts, with stage 3—4 fibrosis in 94% NAFLD- (stage 3: 7%, stage 4/cirrhosis: 87%) and 93% HCV-
related HCC patients (stage 3: 7%, stage 4/cirrhosis: 86%). The Fibrosis-4 (FIB-4) score was not significantly different
between cohorts (median NAFLD: 5.27; HCV: 4.61).

Patients with NAFLD-related HCC had a higher BMI (median BMI NAFLD: 34.2 kg/m2; HCV: 28.2 kg/m2;
p<0.001) and worse ALBI scores (median ALBI score NAFLD: —2.53; HCV: —2.82; p=0.003).

Patients with HCV-related HCC were more likely to have Child-Pugh class A (NAFLD: 75%; HCV: 89%; p=0.037)
and ALBI grade 1 liver function (NAFLD: 45%; HCV: 69%; p=0.008), present with HCC at an earlier age (median age
NAFLD: 70 years; HCV: 66 years; p<0.001) and have higher AFP levels at diagnosis (median AFP NAFLD: 5.2 ng/dL;
HCV: 8.6 ng/dL; p=0.034). Of the 81 patients with a history of HCV, 60 (74%) had received antiviral therapy and
achieved sustained virologic response (SVR) prior to HCC diagnosis.

Treatment parameters, including radiation dose (median dose NAFLD: 508 Gy; HCV: 452Gy) and specific activity
(median specific activity NAFLD: 700 Bq and HCV: 698 Bq; assuming 2500 Bq at calibration), were similar between
cohorts (Table 2). Lung dose was higher in patients with NAFLD-related HCC compared to HCV-related HCC (median
lung dose NAFLD: 2.20 Gy; HCV: 1.35 Gy; p=0.04), but neither was clinically significant.

Imaging and Pathologic Response
The objective response rate was 100% and 97% in the NAFLD- and HCV-related HCC cohorts per mRECIST,
respectively (Table 3). Complete response was observed in 93% NAFLD- and 81% HCV- related HCC patients.

Liver transplantation was performed in 27 (44%) NAFLD- and 33 (41%) HCV-related HCC patients with a total of 32
and 39 target tumors, respectively. The median time to transplantation was 201 days (range: 86—1189 days) in the
combined cohort, 390 days (range: 102—-890 days) in the NAFLD-related HCC cohort, and 418 days (range: 86—1189
days) in the HCV-related HCC cohort. The combined cohort CPN rate was 58%. CPN was observed in 63% (n=20/32)
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Table | Baseline Patient and Tumor Characteristics

Parameter NAFLD (n=61) HCYV (n=81) p-value
Age (years)* 70 (65, 74) 66 (62, 69) <0.001
Sex 0.85
Female 17 (28%) 21 (26%)

Male 44 (72%) 60 (74%)

BMI (kg/m?)* 34.2 (28.5, 37.6) 28.2 (24.5, 31.6) < 0.001
BCLC 0.44
0 6 (10%) 14 (17%)

A 45 (74%) 55 (68%)

ct 10 (16%) 12 (15%)

ECOG 0.80
0 51 (84%) 69 (85%)

| 10 (16%) 12 (15%)

Tumor size (cm)* 2.3 (2.0, 3.1) 2.5 (2.1,37) 0.27
Tumor focality 0.15
Solitary < 8 cm 47 (77%) 70 (86%)

2 to 3 nodules < 3 cm 15 (22%) Il (14%)

Child-Pugh class

A 46 (75%) 71 (89%) 0.037
B 15 (25%) 9 (11%)

Albumin (g/dL)* 39 (3.5, 42) 4.1 3.7, 44) 0.006
Total bilirubin (mg/dL)* 0.9 (0.6, 1.5) 0.7 (0.5, 1.2) 0.023
ALBI score* —2.53 (—2.88, —2.16) —2.82 (—3.07, —2.43) 0.003
ALBI grade

| 28 (46%) 56 (69%) 0.008
2 31 (51%) 24 (30%)

3 2 (3%) 0

AST (U/L)* 41 (32, 55) 37 (29, 62) 0.66
ALT (U/L)* 34 (27, 46) 36 (26, 59) 0.63
Platelet count (x10°/L)* 92 (72, 128) 105 (74, 173) 0.15
INR 1.2 (1.1, 1.3) 1.2 (1.1, 1.3) 0.24
AFP (ng/mL)* 52 (34, 10.1) 8.6 (3.3, 34) 0.034
Fibrosis stage 0.86
0 2 (3%) 2 (3%)

| 0 I (1%)

2 2 (3%) 2 (3%)

3 4 (7%) 6 (7%)

4 53 (87%) 70 (86%)

FIB-4 score 5.27 (3.60, 8.07) 4.61 (2.35, 7.95) 0.09

Notes: Bold p-values are statistically significant. Unless otherwise specified, data are frequency (percentage). *Data
are median (IQR 25, 75). TBCLC-C Patients were allocated to this category due to an ECOG performance status of |.
Abbreviations: NAFLD, non-alcoholic fatty liver disease; HCV, hepatitis C virus; BMI, body mass index; BCLC,
Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group; ALBI, albumin-bilirubin; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; INR, International Normalized Ratio; AFP, Alpha-
fetoprotein; FIB-4, Fibrosis-4.
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Table 2 Radiation Segmentectomy Treatment Parameters

Parameter NAFLD (n=61) HCV (n=81) p-value
Total angiosome volume (mL) 243 (131, 435) 202 (110, 307) 0.13
Total dose (Gy) 508 (355, 593) 452 (339, 607) 0.35
Treatment activity (GBq) 2.57 (1.37, 3.65) | 1.68 (0.94, 3.40) 0.06
Lung shunt fraction (%) 2.0 (1.1, 3.0) 1.6 (0.8, 2.9) 0.34
Lung dose (Gy) 2.20 (1.13, 4.08) | 1.35(0.70, 3.27) 0.04
Total microsphere number (million) 4.0 (24, 6.2) 3.2 (2.0, 4.8) 0.15
Specific activity* (Bq) 700 (321, 905) 698 (321, 805) 0.19
Microspheres per cc (thousands) 16 (12, 22) 16 (11, 24) 0.77

Notes: Data are median (IQR 25, 75). Bold p-values are statistically significant. *Specific activity assumes 2,500 Bq at

calibration.

Abbreviations: NAFLD, non-alcoholic fatty liver disease; HCV, hepatitis C virus; mL, milliliters; Gy, Gray; GBgq,

Gigabecquerel; Bq, Becquerel.

Table 3 Best Imaging Response at 3 and/or 6-Month Follow-Up
After Radiation Segmentectomy

mRECIST NAFLD (n=61) HCV (n=81)
Complete response 57 (93%) 66 (81%)
Partial response 4 (7%) 13 (16%)
Stable disease 0 I (1%)
Target tumor progression 0 I (1%)

Note: Data are frequency (percentage).
Abbreviations: NAFLD, non-alcoholic fatty liver disease; HCV, hepatitis C virus;
mRECIST, modified Response Evaluation Criteria in Solid Tumors.

target tumors in the NAFLD-related HCC cohort and 54% (n=21/39) target tumors in the HCV-related HCC cohort
(p=0.46) (Figure 1A).

Histopathologic analysis of the combined cohort performed using previously established response thresholds’
demonstrated a CPN rate of 83% (n=29/35) in target tumors treated with a radiation dose >500 Gy and specific activity
>327 Bq (assuming 2500 Bq at calibration) compared to 40% (n=2/5) in target tumors treated with a radiation dose >500
Gy and specific activity <327 Bq (p=0.03) (Figure 1B).

Survival and Progression Outcomes

Survival and progression outcomes are summarized in Table 4. Mean non-censored follow-up was 26.5 months (95% CI
22.6-30.3) in the NAFLD-related HCC cohort and 33.2 months (95% CI 29.5-37.1) in the HCV-related HCC cohort.
Mean censored follow-up was 15.6 months (95% CI 12.4-18.8) in the NAFLD-related HCC cohort and 20.5 months
(95% CI 16.9-24.0) in the HCV-related HCC cohort.

The total number of deaths within the study period in the NAFLD-related HCC cohort was 12 (20%), of which 2
occurred after liver transplantation. Total number of deaths in the HCV-related HCC cohort was 13 (16%). None were
related to radiation segmentectomy. Non-censored OS was not met in either cohort (p=0.25) (Figure 2A). Censored OS
was not met in the NAFLD-related HCC cohort and 53.9 months (95% CI 32.1-75.7) in the HCV-related HCC cohort
(p=0.15) (Figure 2B).
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Figure | Pathologic response of target tumors treated with radiation segmentectomy prior to liver transplantation. (A) Complete pathologic necrosis (CPN) was not
different between NAFLD vs viral-related HCC (p=0.46). (B) CPN was significantly increased with doses 2500 Gy and specific activity consistent with <8 days of decay after
calibration vs doses 2500 Gy and second-week specific activity* (p=0.03). *Specific activity assumed 2,500 Bq at calibration.

Overall progression occurred in 23 (38%) NAFLD- and 39 (48%) HCV-related HCC patients. Overall TTP was 17.4
months (95% CI 13.5-21.3) in NAFLD- and 13.5 months (0.4-26.6) in HCV-related HCC patients (p=0.86) (Figure 2C).
Target tumor progression occurred in 1 (2%) NAFLD- and 8 (10%) HCV-related HCC patients. Target tumor TTP was
not met for either cohort (p=0.12) (Figure 2D). Out-of-field progression occurred in 24 (39%) NAFLD- and 35 (43%)
HCV-related HCC patients.

Overall progression in the NAFLD cohort was reported in 50% (n=2/4) of patients with fibrosis stage 0-2 and 37%
(n=21/57) of patients with fibrosis stage 3—4; in the HCV-related HCC cohort, overall progression was reported in 20%
(n=1/5) of patients with fibrosis stage 0-2 and 50% (n=38/76) of patients with fibrosis stage 3—4. The overall progression
rate in the HCV-related HCC cohort according to SVR status was 43% (n=26/60) in patients who had achieved SVR at
time of HCC diagnosis and 62% (n=13/21) in those without SVR.

Propensity-adjusted multivariate analysis did not show a difference in OS (HR: 0.5 [95% CI 0.2-1.4], p=0.174) and
overall progression (HR: 1.0 [95% CI 0.5-1.9], p=0.976) between HCV-related HCC and NAFLD-related HCC.

Discussion
The management of HCC has changed considerably over the past decade, namely with the addition of multiple systemic
therapies for which immunotherapy has emerged as a first-line agent. The IMBRAVE150 Phase III trial demonstrated
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Table 4 Survival and Progression Outcomes After Radiation Segmentectomy

Outcome NAFLD (n=61) HCV (n=81)
Median follow-up (months)*

Non-censored 24.1 (129, 34.9) 32,6 (174, 48.4)
Censored 10.8 (6.1, 23.7) 14.8 (7.3, 32.1)
Mean follow-up(months)’

Non-censored 26.5 (22.6-30.3) 332 (29.5-37.1)
Censored 15.6 (12.4-18.8) 20.5 (16.9-24.0)
Liver transplantation 27 (44%) 33 (41%)
Death

Non-censored 12 (20%) 13 (16%)
Censored 10 (16%) 13 (16%)
Overall survival®

Non-censored NR NR
Censored NR 53.9 (32.1-75.7)
Target tumor progression 1 (2%) 8 (10%)
Within treatment angiosome 0 4 (5%)

In continuity with margin 1 (2%) 4 (5%)
Out-of-field progression 24 (39%) 36 (44%)
Intrahepatic only 24 (39%) 32 (40%)
Extrahepatic only 0 2 (2%)
Both intra- and extrahepatic 0 2 (2%)
Overall progression 23 (38%) 39 (48%)
Target tumor TTP' NR NR
Overall TTP! 17.4 (13.5-21.3) 13.5 (0.4-26.6)

Notes: Unless otherwise specified, data are frequency (percentage). Outcomes were censored
for liver transplantation. *Data are median (IQR 25, 75). TData are median (95% Cl).
Abbreviations: NAFLD, non-alcoholic fatty liver disease; HCV, hepatitis C virus; NR, Not
reached; TTP, time-to-progression.

superior OS, progression free survival, and tumor response with atezolizumab/bevacizumab compared to the previous
gold-standard systemic agent, sorafenib.'® A subsequent meta-analysis on the results of IMBRAVE150, CheckMATE
(nivolumab vs sorafenib), and KEYNOTE240 (pembrolizumab vs placebo) according to etiology of liver disease
suggested that viral-related HCC is more responsive to immunotherapy than non-viral related HCC.> The speculation
of altered T-cell response and impaired immune surveillance in NAFLD-related HCC was felt to play a role in this
perceived difference.!’ A subsequent, large, multicenter, real-world data analysis comparing atezolizumab/bevacizumab
versus lenvatinib for unresectable HCC revealed a significantly prolonged TTP and OS in patients with viral-related HCC
treated with atezolizumab/bevacizumab, while patients with NAFLD-related HCC had improved OS with lenvatinib.*
While this evidence may be circumstantial and remains to be prospectively validated, it has raised an important question
of whether the underlying etiology of liver disease should affect clinical decisions for the treatment of HCC.

Radiation segmentectomy is now a guideline-supported and widely adopted therapy for solitary HCC which has
shown comparable efficacy to other curative-intent ablative modalities.'>'* Although historically considered an alter-
native to chemoembolization, prospective evidence has shown superior tumor control and survival with radioemboliza-
tion in BCLC A and B disease.'* A large, national-level, retrospective study on liver transplant recipients following
locoregional therapy for HCC in the United States recently showed higher target tumor CPN rates with radioembolization
than chemoembolization.'> Currently, it is not known whether radiation segmentectomy outcomes differ amongst patients
with NAFLD vs viral hepatitis.
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Figure 2 Plots show (A and B) overall survival (OS) and (C and D) time-to-progression (TTP) outcomes after radiation segmentectomy in patients with non-alcoholic fatty
liver disease (NAFLD)- and hepatitis C virus (HCV)-related hepatocellular carcinoma. (A) Median OS non-censored was not met for either cohort. (B) Median OS censored

for liver transplantation was not met in the NAFLD-related HCC cohort and 53.9 months (95% Cl 32.1-75.7) in the HCV-related HCC cohort. (C) Overall TTP was 17.4
months (95% Cl 13.5-21.3) in NAFLD-related HCC cohort and 13.5 months (0.4-26.6) in HCV-related HCC cohort. (D) Target tumor TTP was not met for either cohort.

The results of this study suggest treatment effects of radiation segmentectomy are similar in NAFLD and HCV-related
HCC. In the total cohort, objective response and complete response per mRECIST were achieved in 99% and 87% of
patients by 3 and/or 6 months, respectively. Radiation segmentectomy served as a neoadjuvant to liver transplantation in
42% of patients, with a combined CPN rate of 58%. Notably, origin of liver disease did not differently impact CPN,
while treatment intensification above previously established response thresholds significantly impacted pathologic
response (Figure 1A and B). CPN was observed in 83% of target tumors treated with a radiation dose >500 Gy and
a specific activity >327 Bq (glass microspheres with<8 days of decay after calibration), further substantiating this
treatment as a curative-intent ablation modality when utilizing these treatment parameters.

Although the HCV-related HCC cohort had higher rates of ALBI 1 and Child-Pugh A liver function and 73% had achieved
SVR prior to diagnosis, there were non-statistically significant trends in favor of the NAFLD-related HCC cohort for higher
complete response rates, lower frequency of target tumor progression and overall progression, and longer overall TTP. It is not
feasible to state if this is related to the target tumor or de novo HCC. Despite the efficacy of radiation segmentectomy, similar
to other local therapies for HCC, patients remain at risk of recurrence in the absence of liver transplantation.

Several clinical trials are currently investigating the combination of radioembolization and immunotherapy for the
treatment of HCC. The results of the current study suggest that the response to radioembolization in early-stage HCC
would not be determined by the underlying liver disease. Whether added tumor response and its potential synergy with
immunotherapy translates into clinical benefit remains an area of active investigation.

This retrospective study has several limitations. The analysis is limited to a cohort of patients managed by a multidisciplinary
team at a single tertiary referral comprehensive cancer center and may not be applicable to a broader population. All patients were
treated with Yttrium-90 containing glass microspheres and the results cannot be extrapolated to radioembolization using other
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microspheres or radioisotopes. Radiation segmentectomy dosimetry recommendations changed during the study and outcomes
may not reflect those of current practice. Censoring for liver transplantation limited follow-up time in both study cohorts but
remains comparable to other locoregional therapy studies. Using LI-RADS 4 criteria to retrospectively define HCC progression
may lead to overdiagnosis, yet in practice it is common for a suspicious lesion to raise attention and warrant treatment. The results
of this study may aid in risk assessment for patients on the transplant waitlist and may serve as a foundation for future studies to
further delineate the best treatment and surveillance approaches in these disparate populations.

Conclusion

Patients with early-stage HCC in the setting of NAFLD- or HCV-related chronic liver disease achieve comparable
outcomes with radiation segmentectomy as initial treatment, despite different mechanisms of underlying liver injury.
While origin of liver disease did not differently impact CPN, treatment intensification with a radiation dose over 500 Gy
and specific activity up to second week Monday is associated with CPN.
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