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Hepatocellular carcinoma (HCC) is a major health burden, ranking as the fourth most
common malignancy and the second leading cause of cancer-related death in Taiwan.
Advanced HCC carries a poor prognosis, historically managed with multi-kinase
inhibitors (e.g. sorafenib or lenvatinib) that provide modest survival benefit. The
median overall survival on sorafenib is around 10-13 months in advanced disease,

reflecting the aggressive nature of HCC and the need for more effective therapies.

Significant advances have been made with immune checkpoint inhibitor-based
combinations. In 2020, the IMbravel50 trial demonstrated that atezolizumab (anti—PD-
L1 antibody) plus bevacizumab (anti-VEGF antibody) markedly improved patient
outcomes compared to sorafenib. In that study, median overall survival was 19.2
months with atezolizumab-bevacizumab versus 13.4 months with sorafenib, and
median progression-free survival was 6.9 vs 4.3 months. This established
atezolizumab-bevacizumab as a new first-line standard of care for unresectable HCC,

with superior efficacy and a favorable quality-of-life profile.

Separately, the HIMALAYA trial introduced a different immunotherapy approach: a
single high priming dose of tremelimumab (CTLA-4 inhibitor) combined with
durvalumab (PD-L1 inhibitor), often termed the STRIDE regimen. Durvalumab plus
tremelimumab also demonstrated a significant survival benefit over sorafenib, with a
median OS of 16.4 months vs 13.8 months on sorafenib (hazard ratio 0.78). This
regimen achieved durable long-term responses in a subset of patients, with 4-year

survival rates of about 25% in the combination arm.

By 2023, international guidelines recognize both atezolizumab—bevacizumab and



tremelimumab—durvalumab as first-line options for advanced HCC. Despite their
successes, these two regimens have distinct mechanisms and toxicity considerations,
and they have not been compared head-to-head in a randomized trial. Atezolizumab—
bevacizumab combines immunotherapy with an antiangiogenic drug, which can reduce
tumor vascularization but carries risks such as bleeding and hypertension. In contrast,
durvalumab—tremelimumab entails dual immune checkpoint blockade, which can
provoke immune-related adverse events (e.g. hepatitis, colitis, endocrinopathies)

especially early after the CTLA-4 inhibitor dose.

Clinicians currently must choose a first-line regimen based on clinical judgment in the
absence of direct comparative evidence. Real-world comparative effectiveness data are
needed to inform these decisions. Taiwan’s National Health Insurance (NHI) began
reimbursing the atezolizumab—bevacizumab combination in August 2023, greatly
expanding patient access to this therapy. Likewise, durvalumab plus tremelimumab was
reimbursed by the NHI for advanced HCC after February 2025 and has become

available in practice.

The NHI reimbursement along with the standardized criteria are instrumental for
comparing the effectiveness of these two regimens, given the high cost of the
medications and the potential differences in patient selection. This study will leverage
the cancer registry in the E-Da Healthcare Group to compare survival outcomes and
safety between atezolizumab-bevacizumab and durvalumab—tremelimumab in routine
practice, hopefully providing evidence on whether these treatments are equally
effective in the real world and guide treatment selection for patients with advanced

HCC in Taiwan.



Methods and Materials:

Design and setting

This study is designed as a multicenter observational cohort (registry-based) study. We
will collect data on patients with advanced HCC treated in real-world practice at three
hospitals in the E-Da Healthcare Group (Kaohsiung, Taiwan): E-Da Hospital, E-Da
Cancer Hospital, and E-Da Dachang Hospital, which share an integrated electronic
medical record system, facilitating a unified registry. Patients who initiate first-line
systemic therapy with either atezolizumab—bevacizumab or durvalumab plus
tremelimumab between August 1, 2023 and December 31, 2026 will be enrolled. There
will be no randomization or intervention assignment by investigators; the choice of
regimen is determined by treating oncologists according to clinical indication and
patient preference. This design allows an assessment of comparative effectiveness in

routine clinical practice (pragmatic, non-interventional study).

Study patients

We will include adult patients (age >18) with unresectable or advanced HCC who meet

the criteria for first-line immunotherapy-based treatment under Taiwan NHI policy.

Inclusion Criteria

To mirror real-world reimbursement criteria, all the following criteria must be satisfied:
1. Advanced disease not amenable to curative therapy: Patients must have HCC that
1s metastatic or unresectable, and not suitable for curative locoregional treatments (or
have failed prior local therapies).

2. Adequate liver function: Child-Pugh class A liver function reserve.

3. Extrahepatic spread: presence of distant metastasis or nodal spread beyond the



liver, or macrovascular invasion: tumor invasion into major vasculature (e.g. portal vein
trunk or first-/second-order branches), or TACE failure: inadequate response to
transarterial chemoembolization, defined as >3 sessions of TACE within 12 months
without tumor control (evidence of progression).

4. No prior systemic therapy: Patients must not have received any previous systemic
chemotherapy, targeted therapy (e.g. sorafenib or lenvatinib), or immunotherapy for
HCC.

5. Treatment with atezolizumab plus bevacizumab, or durvalumab plus

tremelimumab: at least one dose of either regiments

Exclusion Criteria

1.  Organ transplant history: Previous liver transplantation (due to risk of graft
rejection with immunotherapy).

2. Concurrent immunosuppressive therapy: Requirement for systemic
immunosuppressants (e.g. for autoimmune disease) which could both contraindicate
checkpoint inhibitors and confound outcomes.

3.  Uncontrolled bleeding risk: Active gastrointestinal bleeding or high-risk
esophageal varices that have not been treated. All patients must have recent endoscopic
evaluation (within 6 months) with appropriate management of potential bleeders.

4. Poor physical condition (Eastern Cooperative Oncology Group ECOG
performance status >2)

5. Poor cardiopulmonary function (New York Heart Association NYHA Class III or
V)

6. Poor renal function (estimated glomerular filtration rate eGFR <60 ml/min/1.73m?)

Study outcomes



The primary outcome of this study is overall survival, defined as the time from initiation
of first-line therapy (atezolizumab—bevacizumab or durvalumab—tremelimumab start
date) to death from any cause. Surviving patients will be censored at the last follow-up
date. Given the observational period, patients will be followed for survival through at
least December 31, 2026, with additional follow-up in 2027 as needed to capture mature

outcomes.

Secondary outcomes include progression-free survival (PFS) and serious adverse
events (SAEs). PFS is defined as the time from treatment initiation to radiographic
disease progression or death, whichever occurs first. Disease progression will be
assessed based on imaging (contrast-enhanced CT or MRI) interpreted according to
RECIST 1.1 criteria during routine follow-up visits (typically every 8—12 weeks) or as
clinically indicated. Patients alive without progression at last imaging assessment will
be censored at that time. SAEs will encompass Grade 3 or higher treatment-related
adverse events, or any adverse event leading to hospitalization, permanent therapy
discontinuation, life-threatening outcome, or death, as defined by Common
Terminology Criteria for Adverse Events (CTCAE v5.0). Key adverse events of interest
include bleeding complications (for the atezolizumab—bevacizumab group) and
immune-mediated toxicities (for the durvalumab—tremelimumab group), among others.

We will compare the frequency and profiles of SAEs between the two treatment cohorts.

Statistical analyses
We plan to collect data from 200 patients with advanced HCC (n=100 for each treatment
arm) and will conduct a preliminary analysis when data from at least 100 patients (at

least 50 patients in each arm) are available.



With available data, we will perform a comparative analysis between the two treatment
cohorts (atezolizumab—bevacizumab vs durvalumab—tremelimumab). Baseline patient
characteristics will be summarized and compared using chi-square (or Fisher’s exact)
tests for categorical variables and Mann-Whitney U tests for continuous variables, to
identify any significant differences in patient profiles between treatment groups. If
imbalances are present (for example, if patients receiving one regimen have more
advanced disease or different liver function), these factors will be accounted for in the

outcome analysis.

For the primary endpoint of overall survival, we will use the Kaplan-Meier method to
estimate survival curves for each treatment group and compare them with the log-rank
test. Median OS and survival rates at 6, 12, and 18+ months will be reported per group.
We will also construct multivariable Cox proportional hazards models to estimate the
hazard ratio (HR) for death with durvalumab—tremelimumab versus atezolizumab—
bevacizumab, adjusting for potential confounders (such as age, tumor burden,

performance status, viral etiology, etc.).

In addition, we may employ propensity score methods (matching or weighting) as a
sensitivity analysis to further control for indication bias in this non-randomized
comparison. For secondary endpoints, Kaplan-Meier analysis and Cox models will
similarly be used for PFS comparison between regimens. Patients who switch therapy
or receive subsequent lines will be censored at the time of a new systemic treatment
when analyzing PFS to focus on first-line regimen efficacy. Objective response rates (if
evaluable) will be summarized, although tumor response is not a primary endpoint.
Rates of serious adverse events will be compared using Fisher’s exact test or chi-square,

as appropriate. We will specifically compare incidence of key SAEs (e.g. grade >3



bleeding, grade >3 immune-related events) between the two cohorts. All statistical tests
will be two-sided, with a significance level of a = 0.05. The analysis will be primarily
descriptive and hypothesis-generating, given the observational design; however, the
study is expected to have adequate power to detect large differences in survival if they
exist, given an anticipated sample size of hundreds of patients across the study period
(we expect enrollment of approximately 150-200 patients, based on HCC incidence

and referral patterns). Analyses will be performed using STATA or R statistical software.
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