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Introduction: Transarterial chemoembolization, TACE continues to be the primary treatment option for patients diagnosed with
intermediate-stage (BCLC B) hepatocellular carcinoma, HCC. However, emerging real-world evidence suggests that it may also be
applicable for selected early-stage patients (BCLC A) who are not candidates for surgical resection or thermal ablation. This study
aimed to evaluate the long-term outcomes of TACE within a large single-centre cohort.

Methods: This retrospective observational cohort study included patients with HCC treated with TACE at Ente Ospedaliero
Cantonale, EOC in Ticino, Switzerland between 2013 and 2023. The study was conducted and reported in accordance with the
STROBE guidelines. Overall survival, OS and progression-free survival, PFS were estimated using Kaplan—Meier analysis and
compared across Barcelona Clinic Liver Cancer, BCLC stages.

Results: A total of 195 patients were included, with a median follow-up of 56 months. Most patients were classified as BCLC stage
A (55.4%) or B (43.6%). Median OS for the entire cohort was 56 months. PFS was significantly longer in stage A compared with stage
B patients (15 vs 9 months, p=0.003). Early modification of treatment within one month was associated with inferior outcomes,
whereas patients who subsequently underwent curative-intent therapies achieved markedly prolonged survival.

Conclusion: In this retrospective study, TACE demonstrated sustained tumour control and prolonged survival, exceeding the survival
durations reported in previous studies (20-42 months), particularly among early-stage HCC patients who were initially deemed
unsuitable for resection or ablation. These findings emphasise the value of centralisation, multidisciplinary evaluation, tailored
therapeutic approaches, and systematic periodic reassessment to optimise patient outcomes.

Plain Language Summary: Hepatocellular carcinoma, HCC is the most common type of primary liver cancer. Many patients are not
eligible for surgery, transplantation, or heat-based tumour ablation. In such situations, transarterial chemoembolization, TACE is
frequently used. TACE delivers chemotherapy directly into the liver arteries supplying the tumour and blocks these blood vessels to
reduce tumour blood flow.

In this retrospective study, we evaluated real-world outcomes of TACE in a Swiss referral centre over a 10-year period (2013-2023). We
analysed medical records of 195 patients with HCC treated with TACE and followed them for a median of 56 months. Most patients had
early-stage (BCLC A) or intermediate-stage (BCLC B) disease.

Median overall survival for the entire cohort was 56 months. Cancer control lasted longer in early-stage disease: median
progression-free survival was 15 months in BCLC A compared with 9 months in BCLC B. Patients requiring an early change of
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treatment within the first month after TACE tended to have worse outcomes. Importantly, patients who later received more effective
treatments, including curative-intent options such as transplantation, surgery, or ablation, achieved very long survival.

These findings suggest that TACE can provide durable tumour control and long-term survival, especially in carefully selected early-
stage patients, and highlight the value of multidisciplinary care and regular reassessment over time.

Keywords: hepatocellular carcinoma, HCC, transarterial chemoembolization, TACE, progression-free survival, PFS, stage migration

Introduction

Hepatocellular carcinoma, HCC, is a prevalent malignancy worldwide, ranking fifth in terms of incidence and third in
cancer-related mortality.' > The primary aetiological factors include cirrhosis and chronic liver diseases, which are
largely caused by infections such as hepatitis B virus, HBV, or hepatitis C virus, HCV, along with alcoholic-associated
liver disease, ALD, and metabolic dysfunction-associated steatotic liver disease, MASLD, exposure to dietary toxins,
haemochromatosis, and various genetic metabolic disorders.*”> Unlike other carcinomas, HCC has shown an upward
trend in recent years.® The Barcelona Clinic Liver Cancer, BCLC staging system, serves as the Western standard for HCC
classification, taking into account tumour characteristics (size, number, vascular invasion, extrahepatic spread), liver
function, and performance status.” In the early stage (BCLC 0—A), interventions such as thermal ablation or resection are
employed depending on the anatomical location and size of the tumour. For well-defined tumours with preserved portal
flow in the intermediate stage (BCLC B), transarterial chemoembolization, TACE, is the standard treatment. Systemic
therapies are reserved for diffuse, infiltrative growth in BCLC stage B, as well as BCLC stage C. Best supportive care is
recommended for BCLC stage D.” The allocation for liver transplantation is determined using various criteria, although
limited organ availability and competition with other indications pose significant challenges.®

TACE, which has been established since the 1980s,’ exploits the predominant arterial vascularisation of HCC, in
contrast to the dual arterial and portal supply to the liver parenchyma. TACE consists of two modalities: conventional
TACE, cTACE and drug-eluting bead TACE, DEB-TACE. Retrospective studies, clinical trials, and meta-analyses
comparing cTACE and DEB-TACE indicate similar overall survival, OS and progression-free survival, PFS, with DEB-
TACE associated with higher hepatic artery and biliary injury but reduced post-procedural pain.'®'" Consequently,
international guidelines do not recommend DEB-TACE over cTACE as the standard treatment.'?

The role of TACE in intermediate-stage (BCLC B) HCC is well established and incorporated into the guidelines,'?
with numerous studies and meta-analyses validating its efficacy and safety. However, the evidence concerning early-stage
patients (BCLC A) remains sparse and inconsistent.'*'> Specifically, there is a scarcity of data regarding the application
and results of TACE in patients who are not candidates for immediate surgical intervention or ablation. The present study
offers a comprehensive real-world evaluation of TACE in both BCLC A and B patients, with the objective of providing
clinically relevant background for patient counselling and multidisciplinary decision-making.

The primary aim of this study was to assess OS and PFS across HCC stages in a cohort treated with TACE over a 10-year
period at a single institution, Ente Ospedaliero Cantonale, EOC, located in Ticino, Switzerland. The secondary objectives
including detailing recurrences (local and systemic), identifying predictive factors for survival (alpha-fetoprotein, tumour size,
multifocality, and doxorubicin/epirubicin dose), and determining whether routine radiological evaluations at one and three
months influenced therapeutic decisions or follow-up strategies. Additionally, we sought to explore potential changes in HCC
actiology, particularly the transition from alcohol-related causes to MASLD throughout the study period.

Methods

Study Design

This investigation was a retrospective observational cohort study involving patients with HCC who underwent TACE between
2013 and 2023 at EOC, Ticino, Switzerland. Data were extracted from patient records stored in the hospital’s internal medical
software system. The final follow-up for all patients occurred on 1 September, 2024. The study was designed and reported in
accordance with the Strengthening the Reporting of Observational Studies in Epidemiology, STROBE guidelines.'®
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Participants

Eligible patients were those aged 18 years or older who had received at least one TACE procedure. Exclusions were
made for patients who opted out of data usage for research purposes, those who had received TACE at a different centre,
or individuals who had the procedure prior to the designated observation period. Each patient was reviewed during the
weekly multidisciplinary team meeting at the time of diagnosis and whenever a relevant clinical or radiological change
occurred. Treatment decisions were guided by the contemporary BCLC guidelines, with modifications made as necessary
to accommodate particular anatomical or clinical features. The protocol received approval from the local ethical
commission on human research regarding the use of retrospective data.

Variables

The study variables encompassed a range of baseline demographic, clinical, tumour-related, laboratory, treatment, and
survival parameters. Demographic and risk factors included sex, date of birth, HCC risk profile, presence of cirrhosis, and
the date of HCC diagnosis. Clinical stage and functional reserve were assessed using the Child—Pugh score, Model for End-
Stage Liver Disease, MELD score, Eastern Cooperative Oncology Group, ECOG performance status, BCLC stage, and
albumin-bilirubin, ALBI score. Additional clinical factors considered included comorbidities, American Society of
Anesthesiologists, ASA classification, and requirement for renal replacement therapy. Tumour-specific characteristics
encompassed maximum lesion diameter, number and intrahepatic distribution of nodules, vascular invasion, extrahepatic
dissemination, tumoral vein thrombosis, portal hypertension, and hepatic encephalopathy. Laboratory variables comprised
serum alpha-fetoprotein, AFP, aspartate aminotransferase, AST, alanine aminotransferase, ALT, sodium, albumin, bilirubin,
creatinine, and international normalized ratio, INR. Treatment-related variables included the type, intention, and technical
details of TACE, the presence and severity of adverse events, treatment completion or failure (defined according to JSH-
LCSGIJ criteria'”), radiological lipiodol accumulation, and any subsequent therapeutic interventions. Tumour response
assessment was performed using modified Response Evaluation Criteria in Solid Tumors, mRECIST. Accordingly, imaging
response on contrast-enhanced CT and/or MRI was evaluated based on the viable tumour component, defined by the presence
of arterial phase enhancement. Complete response, CR was for example defined as the disappearance of any intratumoural
arterial enhancement in all target lesions, irrespective of residual mass.'® The hospital’s senior radiologists were responsible
for the radiological assessments. Outcome variables included OS, PFS, and the cause of death.

Data Sources/Measurement

All baseline demographic and clinical data were sourced from institutional patient records and electronic health
databases. Clinical scores (Child—Pugh, MELD, ECOG, BCLC, ALBI, and ASA) were calculated at the time of HCC
diagnosis and prior to the initiation of TACE, adhering to standard definitions and criteria. Tumour burden and vascular
involvement were assessed through baseline cross-sectional imaging (computed tomography, CT or magnetic resonance
imaging, MRI) and confirmed by a multidisciplinary review. Treatment decisions were made within a multidisciplinary
tumour board in accordance with BCLC guidelines. Due to the retrospective design, detailed information on the decision-
making process was limited to tumour board documentation. Laboratory parameters were measured using standardised
methods in the institutional clinical chemistry laboratory. Procedural information regarding TACE — including technical
modality, drug dosing, number of sessions, and hospitalisation — were extracted from procedural reports archived in the
radiology information system. Adverse events were retrospectively graded according to the Common Terminology
Criteria for Adverse Events, CTCAE. Tumour response was evaluated according to mRECIST criteria on CT or MRI
at one, three, and six months, with lipiodol accumulation specifically assessed on non-contrast CT after one month.
Subsequent therapies were documented from institutional treatment records and verified through cross-referencing
pharmacy and radiology registries. Survival data (OS, PFS, cause of death) were obtained from follow-up documentation.

Statistical Analysis
Descriptive statistics are expressed as mean + standard deviation, SD and median with interquartile range, IQR, given the non-
normal distribution of several continuous variables. The Shapiro-Wilk test was utilized to assess normality. Categorical
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variables are reported as absolute frequencies and percentages. No imputation was performed; analyses were conducted on
available cases only, and the number of missing values, if present, is reported in the legends of the tables.

OS was defined as the interval from diagnosis to death from any cause, while PFS was defined as the interval from the
first TACE to first documented progression or death, whichever occurred first. Survival functions were estimated using
the Kaplan—Meier method. Differences between strata — specifically baseline BCLC stage and early treatment modifica-
tion within one month — were compared using the Log rank test. Subgroup analyses examined the prognostic effect of
baseline BCLC stage (A vs B) on OS and PFS. Exploratory analyses evaluated whether an early change in treatment
following the first TACE session influenced long-term outcomes. To quantify effect size, hazard ratios, HR and 95%
confidence intervals, CI were derived from unadjusted Cox proportional hazards regression models, provided the
proportional hazards assumption was satisfied (verified using Schoenfeld residuals). In cases where this assumption
was not met, alternative survival models based on a Weibull distribution were applied. Tumour response was assessed
according to mRECIST criteria at one, three, and six months, with the best response during follow-up recorded. The
association between baseline BCLC stage and radiographic response was tested using Fisher’s exact test. All tests were
two-sided, with statistical significance set at a p-value < 0.05. Analyses were performed using STATA19 software
(StataCorp., College Station, TX, USA).

Results

Participants

From an initial sample of 214 patients, 195 individuals with HCC who underwent TACE were included in the analysis.
Nineteen patients were excluded for various reasons: TACE was performed before the study period or at another centre
(n = 5), absence of radiological data (n = 5), TACE deemed unfeasible (n = 3), simple embolisation (TAE) performed
instead of TACE (n = 1), TACE performed for cholangiocarcinoma or metastatic disease (n = 3), and refusal to
participate in the study (n = 2). The exclusion flow diagram illustrating the patient selection pathway is reported in
Figure 1.

Data collection
October 2013 -September
2024

Accessed for eligibility
(n=214)

* TACE before study period (n=5)
* Unfeasibility of TACE (n=3)
* Missing radiological data (n=5)
* Simple embolization instead of TACE (n=1)
* TACE for cholangiocarcinoma or metastatic
disease from other primary (n=3)
* Refusalto participate (n=2)

[ Included patients (n=195)

{+ BCLC stage C (n=2)

I Analyzed patients (n=193)

Figure | Exclusion flow diagram showing the number of patients assessed for eligibility, excluded, and finally included in the study.
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Descriptive Data
The median age of the cohort was 71 years (IQR: 66—76), with a predominance of male patients (81%). The mean body
mass index, BMI was 26.8 + 5.1 kg/m?. A substantial number of patients (93.8%) had cirrhosis, primarily due to alcohol-
related liver disease (56.4%), followed by HCV infection (26.7%), MASLD (27.7%), and HBV infection (12.8%), with
some patients exhibiting multiples aetiologies (34.4%). The distribution of actiologies showed no significant change
throughout the study period.

Cardiovascular comorbidities were frequent (76.9%), and 44.1% of the cohort had diabetes mellitus, indicating
a population at high metabolic and vascular risk (Table 1). The mean number of HCC nodules was 2.2 = 1.8, with
a median largest diameter of 28 mm (IQR: 20-44.5). Multifocal disease was present in 59.5% of patients. The majority
were classified as BCLC stage A (55.4%) or B (43.6%); two patients (1%) were stage C and were excluded from further
analyses. Within stage A, most had an ASA score of 3 (70.8%). Segment VIII was the most frequently involved liver
segment (37%). Twenty-five patients (23.1%) with stage A had prior local therapy, with one-fifth having undergone
surgical resection. Portal vein thrombosis was observed in 3.1% of cases and ascites (subclinical) were present in 17.4%
of patients. Three patients had a previous episode of hepatic encephalopathy (1.5%). Detailed information regarding
tumour burden and staging is provided in Table 2.

Baseline AFP levels exhibited considerable variability (565.4 + 4710 ng/mL; median 8.4 ng/mL, IQR: 4-49.7),
reflecting tumour heterogeneity. The median MELD score was recorded at 8.5 (IQR: 8.2-8.8). Most patients were
classified as Child—Pugh class A (85.1%), and 52.6% as ALBI grade 2. Further details are provided in Table 3.

Table | Demographic (n = 195)

Age (Years)* 70.3 (8.5) [71 (66-76)]
BMI (kg/m?)* 26.8 (5.1) [26.3 (23.4-29.2)]
Sex

Female 37 (19.0)

Male 158 (81.0)
Biopsy before TACE 59 (30.3)
Histological tissue availability 67 (34.4)
HCC etiology

Alcohol 110 (56.4)

HBV 25 (12.8)

HCV 52 (26.7)

NASH 54 (27.7)

Hereditary hemochromatosis 7 (3.6)

Other 29 (14.9)
Cirrhosis 183 (93.8)
Cardiovascular comorbidities 150 (76.9)
Diabetes 86 (44.1)
HIV | (0.5)
Renal insufficiency 46 (23.6)
ASA Score

0 1 (0.7)

| 0 (0.0

2 26 (18.2)

3 102 (71.3)

4 14 (9.8)
PS (ECOG)

0 104 (54.5)

| 8l (42.4)

2 6 (3.1

Note: Results are reported as mean (SD) [median (25th-75th)] for quantitative vari-
ables (*) and as frequencies and percentage for categorical.
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Table 2 HCC Characteristics

Number of Nodules*
Nodules Size (mm)*
Baseline BCLC

Stage A

Stage B

Stage C
Multifocal HCC
Extrahepatic spread
Vascular invasion
Ascites

0

I

2

3
Portal vein thrombosis
Portal hypertension
Encephalopathy

None

Grade |

Grade 2

Grade 3

Grade 4

22 (1.8) [2 (1-3)]
34.1 (19.8) [28.0 (20.0-44.5)]

108 (55.4)
85 (43.6)
2 (1.0)
116 (59.5)
I (0.5)

0 (0.0)

161 (82.6)
21 (10.8)
10 (5.1)

3 (15)

6 (3.1)

53 (27.2)

192 (98.5)
2 (1.0)
0 (0.0)
I (0.5)
0 (0.0)

Note: Results are reported as mean (SD) [median (25th-75th)] for quantitative
variables (*¥) and as frequencies and percentage for categorical.

Table 3 Lab Values and Liver Function Parameters

Baseline AFP (ng/mL)*
Creatinine (mmol/L)*
Creatinine (mg/dL)*
Sodium (mmol/L)*
Albumin (g/L)*
Albumin (g/dL)*
Bilirubin (umol/L)*
Bilirubin (mg/dL)*
ALT (U/L)*

AST (U/L)*

INR*

Platelet count (10°/pL)*
Meld score

Dialysis

Child Pugh score

A

B

C

ALBI grade

Grade | (=-2.60)

Grade 2 (> 2.60 to < —1.39)
Grade 3 (>-1.39)

565.4 (4710) [8.4 (4.0-49.7)]
90.6 (48.3) [81.0 (68.0-100.0)]
1.0 (0.5) [0.9 (0.8-1.1)]

137.4 (3.1) [138.0 (136.0-140.0)]
37.0 (5.6) [38.0 (34.041.0)]

3.7 (0.6) [3.8 (3.4—4.1)]

18.4 (14.4) [14.0 (10.0-23.0)]

1.1 (0.8) [0.8 (0.6-1.3)]

405 (39.1) [29.0 (18.0-51.0)]
50.0 (45.2) [39.0 (28.0-57.0)]

12 (02) [1.1 (1.1-1.2)]

151.3 (82.1) [129.0 (91.0-195.0)]
8.6 (0.6) [8.5 (8.2-8.8)]

3 (1.5)

166 (85.1)
28 (14.4)
| 0.5)

79 (40.7)
102 (52.6)
13 (6.7)

Note: Results are reported as mean (SD) [median (25th-75th)] for quantitative
variables (*¥) and as frequencies and percentage for categorical variables.
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Thirty-five patients (17.9%) had previously undergone local therapies prior to TACE. The majority (80.0%) had
received a single treatment; 8.6% had two or three, and 2.9% had four. Among these patients, the most recent previous
procedure was thermal ablation (n = 18), followed by Selective Internal Radiation Therapy, SIRT (n = 7), arterial
embolisation (n = 4), surgical resection (n = 5), and portal vein embolisation (n = 1). None had received systemic therapy
prior to TACE. The results are presented in Table 4.

TACE was administered as the first-line therapy in 72.8% of cases (Table 5).

Epirubicin was the predominant chemotherapeutic agent (80.2%) used, with a mean dose of 50.9 + 16.8 mg/mL.
Superselective delivery was achieved in 71.9%, with vascular mapping in 78.8%. The median hospital stay was three
days (IQR: 3-5). Adverse events occurred in 15.4% of patients, primarily classified as grade 1 (71.4%) or grade 2 (25%).

Follow-Up and Tumour Response

During follow-up, serum AFP levels decreased significantly (Table 6). The median AFP fell to 5.7 ng/mL at one month
(IQR: 3.2-24.4), remaining stable at 5.6 ng/mL at three months and 5.5 ng/mL at six months. The large SD at one month
(2844.7 ng/mL) was attributed to outliers with advanced disease.

Radiological assessment at one month was available for 96.8% of patients. Lipiodol accumulation was complete in
51.8%, partial in 35.7%, and absent in 12.5%. Throughout the first month, most patients (69.8%) had no complications.
The most frequent adverse event was ascites (14.0%), followed by portal vein thrombosis (6.7%). Severe complications,
such as abscess formation (2.2%) and pancreatitis (0.6%), were rare. After one month, no further treatment was
considered necessary in 81.9% of patients, while 18.1% (n = 34) required additional TACE or other treatments. At the
three-month mark, MRI was used more often than CT (63.6% vs 36.4%).

At the final follow-up, TACE failure (defined as the absence of a therapeutic effect within the first one to two months
post-procedure and is characterised by intrahepatic, vascular, or extrahepatic invasion of HCC accordingly with the JSH-
LCSG]J criteria'’) was observed in 50% of cases, while relapse or progression occurred in 77.4%. Among those who had
experienced progression, local recurrence was the most common (62.3%; 48.2% of the whole cohort), followed by the
emergence of new intrahepatic nodules (31.1%); however, extrahepatic spread was rare (6.6%).

One month subsequent to TACE, the overall complete response, CR rate was recorded at 65.8%, with a higher rate in
stage A (84.2%) than in stage B (43.9%, p < 0.001). This difference persisted at three months (CR: 76.1% vs 41.3%, p <
0.001) and six months (63.0% vs 40.3%, p = 0.007). The best response during the follow-up period was a CR in 73% of

Table 4 Prior Treatment

Prior Local Therapy 35 (17.9)
Number of prior local therapies
| 28 (80.0)
2 3 (8.6)
3 3 (8.6)
4 1 (2.9)
Latest local therapy
Ablation 18 (51.4)
Resection 5(14.3)
SIRT 7 (20.0)
Arterial embolization 4 (11.4)
Portal embolization 1(2.9)
Prior systemic treatment 0 (0.0)

Type of prior systemic treatment | 0 (0.0)

Prior resection 6 (3.1)
Prior Ablation 20 (10.3)
Prior SIRT 7 (3.6)
Prior embolization 3 (1.5)

Note: Results are reported as frequencies and percentage.
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Table 5 TACE Procedure

Dose of Epirubicin/Doxorubicin (mg/mL)
Days of hospitalization
TACE treatment reasons
I'st line
2nd line
Downstaging
Bridge to transplant
TACE treatment intends
Curative
Palliative
No. Liver segment TACE performed
|

2
3
4
5
6
Second/complementary TACE
TACE chemotherapy
Epirubicin
Doxorubicin
Superselective TACE
Vascular mapping (radiology)
Completed TACE procedure
Adverse Events
AE grading
|

2
3

142 (72.8)
33 (16.9)

I (0.5)

19 (9.7)

158 (81.0)
37 (19.0)

92 (48.9)
55 (29.3)
22 (117)
I5 (8.0)
3 (1.6)

I (0.5)
52 (26.7)

154 (80.2)
38 (19.8)
138 (71.9)
152 (78.8)
16 (8.3)
30 (15.4)

20 (71.4)
7 (25.0)
I (3.6)

50.9 (16.8) [50.0 (38.0-70.0)]
44 (3.2) [3.0 (3.0-5.0)]

Note: Results are reported as mean (SD) [median (25th-75th)] for quantitative variables (*) and as

frequencies and percentage for categorical variables.

Table 6 Follow-Up

AFP after | month (ng/mL)
AFP after 3 months (ng/mL)
AFP after 6 months (ng/mL)
CTat | month
Lipodol accumulation (in CT at | month)
No
Moderate
Entirely
After | month AE
None
Dilatation of biliary ducts
Ascites
Thrombosis of portal vein
Pancreatic inflammation
Necrotic areas
Air bubbles
Inflammatory reaction
Abscess

Portal hypertension

377.9 (2844.7) [5.7 (3.2-24.4)]
101.2 (352.1) [5.6 (3.2-20.8)]
214.1 (907.3) [5.5 (3.3-33.0)]

183 (96.8)

21 (12.5)
60 (35.7)
89 (51.8)

125 (69.8)
| (0.6)
25 (14.0)
12 (6.7)
| (0.6)
6 (3.4)
2 (1.1
| (0.6)
402
2 (1.1)

(Continued)

8 https:

Journal of Hepatocellular Carcinoma 2026:13



von Schoen-Angerer et al

Table 6 (Continued).

Clinical situation after | month

No changes 154 (81.9)

Change of treatment regimen 34 (18.1)
Imaging at 3 months

CcT 60 (36.4)

MRI 105 (63.6)
TACE failure

0 96 (50.0)

| 96 (50.0)
Relapse or progression 152 (77.9)
Type of progression

Local 94 (61.8)

New hepatic nodule 48 (31.6)

Extrahepatic 10 (6.6)

Note: Results are reported as mean (SD) [median (25th-75th)] for quantitative variables
(*) and as frequencies and percentage for categorical variables.

cases overall, with a marked advantage for stage A (88.2%) vs stage B (54.3%, p < 0.001). An early modification of the
treatment regimen at one month was more common in BCLC stage B (27.4%) than in stage A (9.8%, p = 0.002). The
complete results are presented in Table 7. The distribution of best radiological responses by BCLC stage is illustrated in

Figure 2.

Table 7 Adjuvant/Subsequent Therapy

Adjuvant Treatment 10 (5.1)
Type of adjuvant treatment
Sorafenib 1 (10.0)
Resection 1 (10.0)
Ablation 6 (60.0)
Stereotactic radiotherapy 1 (10.0)
Hepatectomy 1 (10.0)

Subsequent therapy at progression | 112 (57.7)
Type of subsequent therapy

TACE 54 (47.4)
RFA 23 (20.2)
Sorafenib 17 (14.9)
Resection 6 (5.3)
SIRT 4 (3.5)
Transplantation 4 (3.5)
Stereotactic radiotherapy 3 (2.6)
Atezolizumab + Bevacizumab 2 (1.8)
Tremelimumab+Durvalumab 1 (0.9)
Subsequent Systemic therapy 42 (21.5)
Total number of TACE
| 135 (69.2)
2 36 (18.5)
3 21 (10.8)
4 | (0.5)
5 2 (1.0
Liver transplantation 14 (7.2)

Note: Results are reported as frequencies and percentage for
categorical variables.

Journal of Hepatocellular Carcinoma 2026:13 hetps: 9



von Schoen-Angerer et al

Best Radiological Response by BCLC Stage

100

80

[
o

Patients (%)
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Figure 2 Distribution of best radiological response by BCLC stage. Stacked bar chart showing the proportion of patients achieving complete response (CR), partial
response (PR), stable disease (SD), or progressive disease (PD) as best overall response during follow-up, stratified by baseline BCLC stage (Stage A, n=102; Stage B, n=81).
Two BCLC stage C patients are excluded from the analysis.

Complementary treatments following the first TACE procedure were performed in 10 patients (5.1%). Thermal
ablation was used in six, two underwent resections, one received sorafenib, and one had stereotactic radiotherapy.
A documented second-line treatment was performed in 57.7% of the patients who experienced progression. The most
common intervention was repeated TACE (47.4%). Other locoregional therapies included Radiofrequency ablation, RFA
(20.2%), SIRT (3.5%), and stereotactic radiotherapy (2.6%). Sorafenib was the most commonly used systemic agent
(14.9%), while immune checkpoint inhibitors were only administered during the later stages of the cohort: atezolizumab
plus bevacizumab in 1.8% and tremelimumab plus durvalumab in 0.9%. Overall, systemic therapy was provided to 42
patients (21.5%).

The total number of TACE sessions per patient varied, with the majority (69.2%) undergoing a single session, 18.5%
(n = 36) receiving two, and 10.8% (n = 21) having three. Only three patients (1.5%) required four or more sessions. In
total, 14 patients (7.2%) underwent liver transplantation. The complete results are illustrated in Table 8.

Overall Survival and Progression-Free Survival
The median follow-up was 56 months (IQR: 26-85.8). The median OS for the cohort was 56 months (IQR: 26.3-86),
while the median PFS was 11 months (IQR: 5.2-24.9) (Figure 3A—C). When stratified by baseline BCLC stage, patients
in stage A exhibited significantly longer PFS (15 months, 95% CI: 11-25) in comparison to those in stage B (9 months,
95% CI: 7-11) (log-rank p = 0.003); consequently, patients in Stage B faced a significantly higher risk of progression
(HR = 1.62, 95% CI: 1.17-2.25, p = 0.004) (Figure 3D). The difference in OS remained non significative (Figure 3B).

An analysis of patients who required treatment modification (n = 34) revealed that those who underwent an early
change (within one month) experienced substantially poorer outcomes compared to those who continued their initial
regimen. These patients demonstrated poorer PFS (HR = 3.14, 95% CI: 2.07-4.78, p < 0.001), while the difference in OS
did not reach statistical significance, although there was a trend towards reduced survival (HR = 1.57, 95% CI: 0.92—
2.71, p = 0.096) (Figure 3E and F).

Patients who received a more effective treatment hierarchy after TACE had better survival: median OS of 113 months
(95% CI: 73-152) for transplanted patients (n = 4), 79 months (95% CI: 35-114) for resected patients (n = 5), and 62
months (95% CI: 47-74) for patients treated with radiofrequency thermal ablation (n = 18).
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Table 8 Response by Baseline BCLC

Overall Stage A | Stage B
Relapse or progression 152 (77.9) 82 (75.9) | 68 (80.0)
Response at | month
Complete response (CR) 121 (65.8) 85 (84.2) | 36 (43.9) | <0.001
Partial response (PR) 47 (25.5) I1(10.9) | 36 (43.9)
Stable disease (SD) 4(2.2) 2(2) 2 (24)
Progressive disease (PD) 12* (6.5) 303) 8 (9.8)
Response at 3 months
Complete response (CR) 99* (60.4) 67 (76.1) | 31 (41.3) | <0.00I
Partial response (PR) 23 (14.0) 7 (8.0) 16 (21.3)
Stable disease (SD) 6 (3.7) I (I.1) 5 (6.7)
Progressive disease (PD) 36 (22.0) 13 (14.8) | 23 (30.7)
Response at 6 months
Complete response (CR) 86* (53.8) 58 (63.0) | 27 (40.3) | 0.007
Partial response (PR) I (6.9) 3(3.3) 8 (11.9)
Stable disease (SD) 5@3.10) I (1.1) 4 (6.0)
Progressive disease (PD) 58 (36.3) 30 (32.6) | 28 (41.8)
Best response
Complete response (CR) 135% (73.0) | 90 (88.2) | 44 (54.3) | < 0.001
Partial response (PR) 35 (18.9) 9 (8.8) 26 (32.1)
Stable disease (SD) 52.7) 2 (2) 33.7)
Progressive disease (PD) 10 (5.4) 1 (1) 8 (9.9)
Clinical situation | month?®
No changes 154 (81.9) 92 (90.2) | 61 (72.6) | 0.002
Change of treatment regimen | 34 (18.1) 10 (9.8) 23 (274)

Univariate analysis did not identify significant associations between established prognostic factors (tumour size,
multifocality, doxorubicin/epirubicin dose, or AFP level) and OS or PFS. At the final follow-up, 43.1% of patients had
died, primarily due to cancer-related causes (34.5%) or liver failure (23.8%) (Table 9).

Discussion

The therapeutic landscape for HCC has expanded due to the introduction of effective systemic therapies and multimodal
strategies that prolong patient survival.** TACE remains the standard treatment for patients with intermediate-stage
HCC, with historically reported median OS ranging from approximately 20 to 42 months in cohort studies and
randomised trials.'>'® In comparison, our study reports a median OS of 56 months, surpassing both historical controlled
and contemporary real-world estimates. With a median follow-up of 56 months and nearly 200 patients treated at
a referral centre, these results demonstrate the remarkable effectiveness of TACE. The favourable outcomes can be
attributed to careful patient selection (mainly stage A), the specialised treatment setting, and the consistency of the
operators and techniques employed. The absence of treatment-related mortality and the low rates of complications further
reinforce the notion that TACE, when performed or supervised by experts, is safe in the short term and effective in the
long term. Furthermore, even though approximately one in two patients may be refractory or experience progression after
TACE, the possibility of offering subsequent treatment in most cases could be another factor contributing to improved
outcomes.

The high proportion of stage A patients in our study can be accounted for by the relatively high prevalence of patients
with a single nodule initially deemed unfit for resection (due to comorbidities), those unsuitable for RFA because of the
superficial position of the nodules, or patients with two or three nodules who were not candidates for transplantation
(generally due to age or comorbidities). The elevated number of these patients may represent a distinctive feature of our
population; however, we propose that in other centres, they may be more prevalent than their seemingly minor
representation on the BCLC algorithm. Regardless, these patients have shown favourable responses to TACE.
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Figure 3 Overall Survival (OS) and Progression-Free Survival (PFS). Kaplan—-Meier curves show (A) OS in the overall cohort, (B) OS stratified by BCLC stage, (C) PFS in the
overall cohort, and (D) PFS stratified by BCLC stage. PFS estimates were |15 months [95% CI: | 1-25] for stage A and 9 months [95% CI: 7—1 |] for stage B. The bottom row shows
OS (E) and PFS (F) according to the variable “Clinical Change of Treatment After | Month”. Shaded areas indicate 95% confidence intervals.

Notes: Kaplan-Meier survival plots arranged in six panels. (A) shows overall survival for the entire cohort. (B) displays overall survival curves separated by BCLC stages. (C) shows
progression-free survival for the overall cohort. (D) presents progression-free survival curves stratified by BCLC stage, with confidence-interval shading. (E and F) show overall
survival and progression-free survival, respectively, grouped by the variable “Clinical Change of Treatment After | Month”. Each curve includes shaded 95% confidence intervals.

As expected, PFS was remarkably longer in stage A compared to stage B, which reflects the more aggressive biology
of intermediate-stage disease.”’ Conversely, no significant difference was observed in OS between the two groups. It is
crucial to highlight that the median OS for BCLC B patients could not be determined, as fewer than 50% of the patients
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Table 9 OS/PFS

Follow-Up (Months) 58.1 (36.5) [56, 26-85.8)]
PFS Time (months) 26.4 (28.0) [16 (8-37)]
OS Time (months) 58 (36.7) [56 (26-86)]
RECIST status at last follow up

Complete response (CR) 59 (30.3)

Partial response (PR) 6 (3.08)

Stable disease (SD) 2 (1.03)

Progressive disease (PD) 116 (59.5)

Could not be evaluated 12 (6.2)
Disease status at last follow up

No relapse 57 (29.5)

Relapse 58 (30.1)

Off treatment 7 (3.6)

On treatment 6 (3.1)

Metastatic 22 (11.4)

Best supportive care 43 (22.3)
Dead 84 (43.1)
Cause of death

Cancer 29 (34.5)

Liver failure 20 (23.8)

Other/unknown 35 (41.7)

had succumbed to death at the time of analysis. Rather than representing a limitation of the dataset, this finding suggests
that our cohort of BCLC B patients performed substantially better than anticipated based on historical benchmarks.

This favourable survival outcome likely reflects the benefits of structured multidisciplinary care and seamless
collaboration across specialties, which facilitated consistent and individualised treatment sequencing. Moreover, integra-
tion within a robust referral network ensured timely access to advanced locoregional and systemic therapies, minimising
delays and maximising the therapeutic window for each patient.?'** Collectively, these elements may have contributed to
attenuating the prognostic disadvantage traditionally associated with intermediate-stage HCC.

This comparable survival rates also imply that numerous early-stage patients eventually progressed to advanced
disease. The early initiation of TACE in selected BCLC A patients (who are unsuitable for surgery or thermal ablation)
may help delay this transition. This indicates that staging should be viewed as a therapeutic opportunity to optimise
timing and maximise long-term benefits, rather than merely interpreting it as a natural course of tumour biology.

An analysis of the proportion of BCLC A and B patients receiving TACE over time revealed no significant year-
dependent trends, with the exception of 2021, when a higher proportion of stage A patients underwent TACE, likely due
to the impact of COVID-19 restrictions and reduced surgical capacity, although this remains a speculative assertion.*?
A descriptive analysis of subgroups provided further insight into the rationale for choosing TACE in early-stage disease.
A significant proportion of stage A patients exhibited an ASA score of 3, which signifies a heightened surgical risk,
thereby favouring a non-surgical approach.?* In addition, many tumours were located in segment VIII, a site that poses
technical challenges for both resection and ablation procedures.”* Approximately 20% of stage A patients had also
received prior local therapy, indicating possible recurrence or progression, thus supporting TACE as a reasonable option
for this subgroup.'®?!

In light of the high response rates observed in stage A patients, another clinically relevant aspect concerns
radiological follow-up and the potential for imaging de-escalation. Within our cohort, almost all patients underwent
a CT scan at the one-month mark, in accordance with EASL and EORTC guidelines that recommend Modified Response
Evaluation Criteria in Solid Tumors (mRECIST)-based assessment at this time point.*>

Notably, 84.2% of stage A patients achieved CR at one month, with only 9.8% requiring a change in treatment. These
findings raise the question of whether routine one-month CT, as suggested by guidelines, is necessary for all patients, or
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whether imaging could safely be deferred to three months in selected low-risk cases, balancing the benefits of early
detection against the risks and costs of repeated imaging. While a reduction in imaging frequency could lead to decreased
radiation exposure and lower healthcare costs, it also carries the risk of missing early identification of the small subset of
patients who fail to benefit from treatment and who, in our cohort, exhibited significantly worse outcomes. Consequently,
future studies should examine the safety and cost-effectiveness of modified follow-up protocols, employing a selective
imaging strategy that targets patients with specific risk factors (eg, elevated AFP, multifocal disease). As an example, the
2026 BCLC update marks a shift towards a more adaptive precision medicine by integrating the CUSE (Complexity,
Uncertainty, Subjectivity, Emotion) framework and the BCLCCUSE. Al digital tool, designed to standardize multi-
disciplinary and personalized decision-making in contexts of clinical uncertainty.*

All these factors, together with patient preference in the shared decision-making process, may explain the use of TACE in
early-stage HCC. In this specific subgroup, our analysis demonstrated favourable response rates and prolonged PFS,
suggesting a sustained probability of tumour control and supporting TACE as an effective therapeutic option for patients
who are not eligible for upfront curative treatments. These findings emphasise the need for the refined stratification of early-
stage patients who are unsuitable for resection or ablation. This subgroup, often characterised by anatomical complexity,
clinical frailty, or a history of prior treatments, requires tailored management strategies that transcend standard curative
algorithms.

In line with these observations, another noteworthy finding from our analysis was the markedly prolonged OS in patients
who subsequently received a hierarchically more effective treatment after TACE. This highlights the importance of adopting
a dynamic, stage-adapted therapeutic strategy in HCC, where TACE can serve not only as a stand-alone treatment but also as
a bridging or enabling intervention that facilitates access to potentially curative options. These results reinforce the value of
continuous reassessment within multidisciplinary tumour boards to ensure timely transition of eligible patients to higher-intent
therapies whenever feasible. However, given the limited number of patients in this subgroup, these findings should be
interpreted with caution and considered hypothesis-generating, warranting validation in future dedicated studies.

Finally, with nearly half of the patients experiencing TACE failure despite high early response rates, our data
highlights the need for a more dynamic and clinically meaningful definition of failure. This finding has direct clinical
implications, as early identification of patients unlikely to benefit from repeated TACE may facilitate timely treatment
modification and transition to systemic therapy, in line with the concept of TACE refractoriness and a stage-adapted,
multimodal treatment strategy.'® In such cases, timely transition to systemic therapy is essential to preserve liver function
and optimise outcomes.”’” Moreover, increasing evidence supports the integration of TACE with systemic therapies,
particularly with immune checkpoint inhibitors and antiangiogenic agents.”® Although the use of modern systemic
therapies was limited in our cohort due to the study period, our findings support a dynamic, stage-adapted treatment
strategy with early consideration of treatment escalation in non-responders. Therefore, incorporating early radiological
and clinical patterns may better guide post-TACE strategies.

This study presents some limitations. First, the single-centre retrospective design carries an inherent risk of selection
bias and limits the generalisability of our results. Second, although a comprehensive dataset was drawn from the
electronic patient records, it is important to note that the residual confounding due to unmeasured clinical factors cannot
be excluded. Additionally, missing values were neither calculated nor corrected, and analyses were performed using only
the available cases, which may have introduced bias if the data were not missing at random. Third, tumour response was
assessed at predefined imaging time points, and heterogeneity in radiological evaluation might have influenced response
classification. Fourth, although the overall sample size is adequate for the primary survival analyses, statistical power for
subgroup analyses is limited. Findings from these subgroups should therefore be interpreted as exploratory and
hypothesis-generating, and warrant confirmation in larger prospective cohorts. Fifth, a potential immortal time bias
cannot be excluded in the subgroup of patients who received curative-intent therapies following TACE. By definition,
these patients must have survived long enough to become eligible for and undergo subsequent treatment, which may have
contributed to the markedly prolonged OS observed in this subgroup. Accordingly, the survival estimates reported for
this group should be interpreted with caution and regarded as descriptive rather than attributable to a treatment
sequencing effect per se. Sixth, formal multivariable survival analyses were not included among the reported results.
Although exploratory models were computed for both endpoints, their inclusion was deemed methodologically
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inappropriate. For OS, the multivariable Cox model was structurally underpowered: the event-to-variable ratio is at the
minimum threshold conventionally considered acceptable, and the marked imbalance in key categorical predictors further
limited the reliability of stratum-specific effect estimates, as confirmed by a globally non-significant model (LR ¥* = 8.66,
p = 0.372). For PFS, a multivariable Cox regression model was computed, but also in this the overall model did not reach
statistical significance (LR %> = 12.10, p = 0.097), and no individual covariate was significantly associated with PFS after
adjustment. Future prospective studies with larger and more heterogeneous patient populations, pre-specified multi-
variable models, and systematic collection of potential confounders would be needed to formally assess independent
prognostic factors for OS and PFS in patients treated with TACE across BCLC stages. Finally, as in most real-world
studies, treatment decisions, including the intent and selectivity of TACE, were made at the discretion of the multi-
disciplinary team, which could lead to variability that is difficult to fully account for.

Conclusion

In conclusion, our study suggests that the role of TACE may extend beyond its conventional position in the HCC
therapeutic algorithm, encompassing concepts such as therapeutic stage migration and selective imaging de-escalation.
Moreover, the markedly prolonged OS observed in patients who subsequently underwent curative treatment after TACE
underscores its potential not only as a palliative therapy but also as a bridging or enabling strategy within a dynamic,
stage-adapted continuum of care. These findings should be interpreted in the context of the retrospective design and the
characteristics of the study population. Collectively, these findings highlight the enduring value of TACE in optimising
outcomes for carefully selected patients and support the need for further investigation in prospective, real-world contexts.
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