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Abstract
Introduction: The progression patterns, dispositions, and
outcomes of patients with advanced hepatocellular carci-
noma (HCC) who achieved durable responses with immu-

notherapy remain poorly characterized. Methods: Patients
with advanced HCC who received immune checkpoint in-
hibitor (ICI)-based immunotherapy and achieved durable
responses were retrospectively included. A durable re-
sponse was defined as partial response (PR) or stable disease
(SD) per RECIST 1.1 for more than 8 months after initiation of
immunotherapy. Oligoprogression and polyprogression
were defined as progression at ≤3 and >3 lesions, respec-
tively. Results: A total of 91 durable responders (63 PR and
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28 SD) were identified. The majority had chronic viral
hepatitis (n = 69, 75.8%). Forty-seven (51.6%) and 44 (48.4%)
patients received the index immunotherapy as first-line
and second- or beyond-line therapy, respectively. Fifty-four
(59.3%) patients subsequently developed progression, with
a predominant pattern of oligoprogression (66.7%). The
median overall survival (OS) was 46.2 months (95% CI:
34.1–58.3). For patients with subsequent progression,
employment of locoregional therapy (LRT) for progression
was associated with prolonged OS (univariate analysis:
hazard ratio [HR] 0.397, p = 0.009; multivariate analysis: HR
0.363, p = 0.050). Patients with oligoprogression who re-
ceived LRT showed longer median OS than those who did
not (48.4 vs. 20.5 months, p < 0.001). In contrast, the
median OS of patients with polyprogression who received
LRT was not different from those without LRT (27.7 vs. 25.5
months, p = 0.794). Conclusion: Approximately 60% of the
post-immunotherapy durable responders of HCC subse-
quently develop progression. Proactive LRT may further
rescue patients who develop subsequent oligoprogression.
Prospective studies are mandatory to clarify the proper
management of durable responders with subsequent
progression. © 2024 The Author(s).

Published by S. Karger AG, Basel

Introduction

Immune checkpoint inhibitors (ICIs) exhibit novel
response patterns that are less commonly observed with
cytotoxic chemotherapy or targeted therapies [1]. One of
the novel response patterns is a durable response, pre-
dominantly characterized in patients with lung cancer
and melanoma [2–4]. Durable responses have also been
noted in patients with hepatocellular carcinoma (HCC)
receiving ICI-based immunotherapies [5, 6]. Approxi-
mately 30% of patients receiving atezolizumab-
bevacizumab in IMbrave150 trial experienced a partial
response (PR) or stable disease (SD) for more than 6
months, with half of them eventually developing pro-
gression [7]. However, the progression patterns, associ-
ated dispositions, and long-term outcomes of these du-
rable responders were less characterized in clinical trials
and previous scientific literature.

Locoregional therapies (LRTs), including resection,
ablation, liver transplant, transarterial chemo-
embolization (TACE), transarterial radioembolization
(TARE), stereotactic body radiation therapy, and he-
patic arterial infusional chemotherapy (HAIC), have
been commonly employed in the real-world practice,
especially in Asia-Pacific regions, for the treatment of

patients with Barcelona Clinic Liver Cancer (BCLC)
stage C HCC [8]. With the high local tumor control
rates and immune-modulatory potentials [9–15], LRT
may play novel roles in the era of immunotherapy.
First, LRT may eradicate residual tumors after suc-
cessful conversion immunotherapy, prevent immune
escape, and potentially provide a cure to patients
[16–19]. Second, LRT may rescue patients who de-
veloped subsequent progression after the initial re-
sponse to immunotherapy, particularly in the absence
of effective subsequent systemic therapy and in case of
limited progression, referred to as “oligoprogression”
[20–23]. Lastly, LRT in combination with immuno-
therapy may promote antitumor immune responses
and further improve the efficacy of immunotherapy
[15, 24]. Nevertheless, the survival benefits of LRTs
with curative or palliative intent in the era of immu-
notherapy have yet to be defined. This retrospective
multicenter study aimed to characterize the progres-
sion patterns, subsequent therapies with a particular
focus on LRT, and outcomes in a large cohort of real-
world durable responders with HCC following
immunotherapy.

Methods

Study Design
This retrospective study was conducted by the Taiwan Liver

Cancer Association Research Group in compliance with all
applicable ethical standards and was approved by the Research
Ethics Committee of each participating hospital. Patients with
unresectable HCC who received ICI-based immunotherapy
(referred to as the index immunotherapy) between August 2015
and March 2021 and achieved durable responses from 8 major
referral hospitals were included for analysis. In this study, the
term “index immunotherapy” refers to the specific immuno-
therapy regimen that resulted in the durable response being
analyzed. Computed tomography or magnet resonance images
were performed every 8–12 weeks according to the local
guidelines, and the response was evaluated by individual
treating physicians. A durable response is defined as PR or SD
per Response Evaluation Criteria in Solid Tumors version 1.1
(RECIST 1.1) for more than 8 months after initiation of the
index immunotherapy. The data cutoff point was Oct 31, 2023.
Retrospective medical record reviews were performed to collect
the following data: age, gender, underlying viral hepatitis status,
Child-Pugh classification, performance status, BCLC stage,
extrahepatic spread, vascular invasion, serum alpha-fetoprotein
(AFP) level, types of immunotherapies, previous line of sys-
temic therapies, best tumor response, progression patterns,
subsequent therapies, LRTs after the index immunotherapy,
and death. LRTs include surgery, ablation, TACE, TARE, ra-
diotherapy, and HAIC. The decision of LRT was made on the
judgment of the treating physicians. Oligoprogression and
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polyprogression were defined as progression at ≤3 and >3 le-
sions, respectively. Data were de-identified for all statistical
analyses.

Statistical Analysis
Overall survival (OS) was defined as the time from the initiation

of the index immunotherapy to death of any causes. The Kaplan-
Meier method was employed to analyze the OS curve, and the
median survival time was reported with a 95% confidence interval
(95% CI). The log-rank test was utilized to determine whether
there were survival discrepancies among different patient sub-
groups. Univariate andmultivariate analyses were conducted using
the Cox proportional hazard model. The χ2 test was employed to
examine demographic differences between subgroups. All p values
were based on a two-sided hypothesis, and those of <0.05 were
considered statistically significant. All analyses were performed
using SPSS software (version 29; International Business Machines
Corporation).

Results

Patient Characteristics
A total of 91 durable responders were identified, with

63 classified as PR and 28 as SD (Fig. 1). The patient
characteristics are shown in Table 1. The median age
was 62.0 years, and the majority were male (n = 69,
75.8%). Chronic viral hepatitis was prevalent among
most patients (n = 69, 75.8%), along with Child-Pugh
class A liver function (n = 81, 89%), ECOG perfor-
mance status ≤2 (n = 83, 91.2%), and BCLC stage C (n =

81, 89%). Forty-one (45.1%) and 58 (63.7%) patients
had vascular invasion and extrahepatic spread, re-
spectively. Thirty-four (37.4%) patients had serum AFP
levels ≥400 ng/mL. Forty-seven (51.6%) patients re-
ceived the index immunotherapies as first-line therapy,
while 44 (48.4%) patients received them as second-line
therapy or beyond. The types of ICI-based immuno-
therapy included anti-programmed cell death-1 (PD-
1)/programmed cell death ligand 1 (PD-L1) mono-
clonal antibody (mAb) plus anti-vascular endothelial
growth factor (VEGF) mAb (n = 32, 35.2%), anti-PD-1/
PD-L1 mAb alone (n = 24, 26.4%), anti-PD-1/PD-L1
mAb plus multitarget kinase inhibitor (MKI) (n = 23,
25.3%), anti-PD-1/PD-L1 mAb plus anti-cytotoxic
T-lymphocyte antigen 4 (CTLA-4) mAb (n = 4,
4.4%), and others (n = 8, 8.8%).

Subsequent Progression and Disposition
During a median follow-up time of 36.3 months

(IQR: 20.8–46.2 months), 54 patients (59.3%), com-
prising 31 with initial PR and 23 with initial SD, ex-
perienced subsequent progression. Notably, subse-
quent progression was more common in patients with
durable SD than those with durable PR (86.5 vs. 57.4%,
p = 0.005). Baseline patient characteristics were gen-
erally similar between patients with subsequent pro-
gression and those with ongoing durable responses,
except for serum AFP level and ECOG status (online
suppl. Table 1; for all online suppl. material, see https://

Fig. 1. Patient flowchart. The patient flowchart summarizes the progression patterns and LRT utilization in the
entire cohort of durable responders.
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Table 1. Patient characteristics of all
patients with durable responses N %

Total 91 100.0

Age, years
Mean (SD) 61.9 (10.8)
Median (IQR) 62.0 (57–70)

Gender
Male 69 75.8
Female 22 24.2

Etiology
Viral (HBV or HCV) 69 75.8
Nonviral 22 24.2

Child-Pugh class
A 81 89.0
B 8 8.8
C 2 2.2

ECOG performance status
≤2 83 91.2
>2 8 8.8

BCLC stage
B 10 11.0
C 81 89.0

Extrahepatic spread and/or vascular invasion
Vascular invasion 41 45.1
Extrahepatic spread 58 63.7

AFP ≥400 ng/mL 34 37.4

Prior line of systemic therapy
0 47 51.6
1 or above 44 48.4

Types of ICIs
Anti-PD-1/PD-L1mAb alone 24 26.4
Anti-PD-1/PD-L1 mAb + anti-CTLA-4 mAb 4 4.4
Anti-PD-1/PD-L1 mAb + anti-VEGF mAb 32 35.2
Anti-PD-1/PD-L1 mAb + MKI 23 25.3
Othersa 8 8.8

Best response (RECIST 1.1)
PR 63 69.2
SD 28 30.8

Employment of LRT after the index immunotherapy
Yes 43 47.3
No 48 52.7

AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; CTLA-4, cytotoxic
T-lymphocyte-associated antigen 4; ECOG, Eastern Cooperative Oncology Group; HBV,
hepatitis B virus; HCV, hepatitis C virus; ICI, immune checkpoint inhibitor; IQR,
interquartile range; mAb, monoclonal antibody; MKI, multikinase inhibitors; LRT, lo-
coregional therapy; PD-1, programmed death-1; PD-L1, programmed death ligand 1;
RECIST 1.1, response evaluation criteria in solid tumors 1.1; SD, standard deviation;
VEGF, vascular endothelial growth factor; y, year. aOther types of ICIs included anti-
CTLA-4 alone, anti-PD-1 plus anti-ALK-1, anti-PD-L1 plus anti-glypican-3, anti-PD-1 plus
anti-LAG-3 antibodies.
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doi.org/10.1159/000536549). Significantly fewer pa-
tients with subsequent progression had serum
AFP ≥400 ng/mL before immunotherapy compared to
those with ongoing durable responses (27.8 vs. 51.4%,
p = 0.028).

Among those patients with subsequent progression,
36 patients (66.7%) had oligoprogression, and 18 pa-
tients (33.3%) had polyprogression. Baseline patient
characteristics and AFP responses within the first
4 weeks after treatment initiation were generally similar
between patients with oligoprogression and those with
polyprogression except for types of immunotherapies
(online suppl. Table 2). Their subsequent therapies are
presented in Table 2. Twenty-eight (51.9%) patients
switched to a different systemic therapy, comprising 11
patients on lenvatinib, 7 on sorafenib, 2 each on re-
gorafenib and ramucirumab, 1 on cabozantinib, 2 on

systemic chemotherapy, and 3 on different immuno-
therapy combinations. Meanwhile, 15 (27.8%) patients
continued the index immunotherapy, and 11 (20.4%)
patients did not receive any systemic therapy afterward.
Thirty-seven (68.5%) patients received LRTs. The most
employed LRT for hepatic progression alone was TACE
(5 for oligoprogression and 4 for polyprogression),
followed by ablation (5 for oligoprogression), TACE +
ablation (1 for oligoprogression and 3 for poly-
progression), and radiotherapy (2 for oligoprog-
ression). In contrast, the most employed LRT for ex-
trahepatic progression alone was radiotherapy (3 for
oligoprogression and 3 for polyprogression), followed
by metastasectomy (4 for oligoprogression) and a
combination of metastasectomy plus radiotherapy (1
for polyprogression). Six patients received LRT for
concomitant hepatic and extrahepatic progression with

Table 2. Dispositions of patients with subsequent progression

Treatment after progression All progression Oligoprogression Polyprogression p value

N % N % N %

54 100 36 100 18 100

Systemic therapy 0.733
No 11 20.4 8 22.2 3 16.7
Yes 43 79.6 28 77.8 15 83.3

Continuing the index immunotherapy 15 27.8 10 27.8 5 27.8
Switching to a different systemic therapy 28a 51.9 18 50.0 10 55.6

LRT >0.999
No 17 31.5 11 30.6 6 33.3
Yes 37 68.5 25 69.4 12 66.7

For hepatic progression 20 37.0 13 36.1 7 38.9
Hepatectomy 0 0 0 0 0 0
Ablation alone 5 9.3 5 13.9 0 0
TACE alone 9 16.7 5 13.9 4 22.2
TACE + ablation 4 7.4 1 2.8 3 16.7
Radiotherapy 2 3.7 2 5.6 0 0

For extrahepatic progression 11 20.4 7 19.4 4 22.2
Metastasectomy 4 7.4 4 11.1 0 0
Radiotherapy 6 11.1 3 8.3 3 16.7
Metastasectomy + radiotherapy 1 1.9 0 0 1 5.6

For concurrent hepatic and extrahepatic progression 6 11.1 5 13.9 1 5.6
Ablation (hepatic) + radiotherapy (extrahepatic) 1 9.1 1 2.8 0 0
Hepatectomy + radiotherapy (extrahepatic) 1 9.1 1 2.8 0 0
Radiotherapy (hepatic + extrahepatic) 1 9.1 1 2.8 0 0
TACE (hepatic) + surgery (extrahepatic) 2 18.2 2 5.6 0 0
TACE + TARE + HAIC (hepatic) + RT (extrahepatic) 1 9.1 0 0 1 5.6

TACE, transarterial chemoembolization; TARE, transarterial radioembolization; HAIC, hepatic arterial infusional chemotherapy.
aEleven patients were treated with lenvatinib, 7 with sorafenib, 2 each with regorafenib and ramucirumab, 1 with cabozantinib, 2
with systemic chemotherapy, and 3 with different immunotherapy combinations.
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varied approaches (Table 2). The employment rates of
either systemic therapy or LRT were not different
between patients with oligoprogression and those with
polyprogression.

For patients with ongoing durable responses, all
patients (n = 37, 100%) continued the index immu-
notherapy during the follow-up period. Three patients

received LRT to the responding hepatic lesions, in-
cluding hepatectomy (n = 1), TACE (n = 1), and radio-
therapy (n = 1); 3 patients received LRT for responding
extrahepatic lesions, includingmetastasectomy (n = 2) and
radiotherapy (n = 1).

Survival and Risk Factors for Death
For the entire group (n = 91), the median OS was

46.2 months (95% CI: 34.1–58.3) (Fig. 2a). The me-
dian OS of those with subsequent progression was
35.5 months (95% CI: 27.3–43.7), while the median
OS of patients with ongoing durable response was not
reached (Fig. 2b). The median OS was statistically
different between patients who subsequently devel-
oped progression and patients who experienced on-
going durable response (p = 0.004). Macrovascular
invasion was found to be associated with shorter
survival in univariate analysis (hazard ratio [HR]
2.047, p = 0.02) but not in multivariate analysis (HR
1.983, p = 0.056). Subsequent progression was found
to be associated with shorter survival in both uni-
variate analysis (HR 2.915, p = 0.007) and multivariate
analysis (HR 4.910, p < 0.001). Employment of LRT
after the index immunotherapy was associated with
longer survival in multivariate analysis (HR 0.341, p =
0.004) but not in the univariate analysis (HR 0.940,
p = 0.840) (Table 3a).

Among those patients with subsequent progression
(n = 54), LRT for progression but not progression
pattern (oligoprogression vs. polyprogression) nor
systemic therapy after progression was an independent
risk factor for death through the Cox proportional
hazard analysis (Table 3b). LRT for progression was
associated with longer survival in both univariate
analysis (HR 0.397, p = 0.009) and multivariate analysis
(HR 0.363, p = 0.050).

The clinical characteristics of patients who subse-
quently progressed and received LRT or those who did
not receive LRT were similar either at baseline or upon
progression (Table 4). The median OS was longer for
patients who received LRT than those who did not (46.2
vs. 22.2 months, p = 0.006) (Fig. 3a). Eleven (29.7%) out
of 37 patients who received LRT achieved complete
response with LRT. The OS of the patients who did not
achieve complete response with LRT was still longer
than those who did not receive LRT for progression
(online suppl. Fig. 1). Furthermore, patients with oli-
goprogression who received LRT showed a significantly
longer median OS than those who did not (48.4 vs. 20.5
months, p < 0.001). However, the median OS of pa-
tients with polyprogression who received LRT was not

a

b

Fig. 2. OS of all durable responders. a Kaplan-Meier OS curve of
the entire cohort of patients who exhibited a durable response.
b Kaplan-Meier OS curves depicting a comparison between 2
subgroups: patients who experienced ongoing durable responses
and those who subsequently developed progression. OS, overall
survival; CI, confidence interval. a There were 8 deaths noted in the
ongoing durable response group. Six patients died of infection/
pneumonia, and 1 each died of severe gastrointestinal bleeding and
complications of cirrhosis.
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different from those without LRT (27.7 vs. 25.5 months,
p = 0.794) (Fig. 3b). Among those patients who ex-
perienced ongoing durable responses, the median OS
was not statistically different between patients who
received LRT and those who did not (p = 0.687) (online
suppl. Fig. 2).

Discussion

To the best of our knowledge, this study is the first to
characterize the subsequent progression patterns,
dispositions, and long-term outcomes of patients who
had unresectable HCC and achieved durable responses
(defined as PR or SD lasting for more than 8 months)
under ICI-based immunotherapy in the real-world
setting. The findings of this study demonstrate that
these durable responders had remarkably longer OS
with a median of 46.2 months, despite approximately
half of them eventually developing progression, pri-

marily in the form of oligoprogression. Furthermore,
employment of LRT following the index immuno-
therapy was associated with prolonged OS, and this
survival advantage was predominantly observed in
patients receiving LRT for oligoprogression rather than
those receiving LRT for polyprogression or ongoing
durable response.

Subsequent Progression in Durable Responders
The precise rate at which patients with advanced

HCC experience subsequent progression after the
initial response to immunotherapy remains uncertain.
In a post hoc analysis of data from the atezolizumab-
bevacizumab arm of the IMbrave150 trial, durable
responders were defined as patients with PR or SD
lasting for more than 6 months. Among these durable
responders, 54 (59.3%) out of 97 experienced subse-
quent progression during a median follow-up period of
17.6 months [7]. Specifically, 41.7% of patients with
durable PR and 47.9% of those with durable SD

Table 3. Univariate and multivariate analyses of risk factors associated with death

Univariate analysis Multivariate analysis

HR p value HR p value

a All durable responders
Age 1.001 0.966 0.988 0.370
Male 1.156 0.690 0.979 0.959
Viral etiology associated HCC 0.889 0.732 0.711 0.393
Macrovascular invasion 2.047 0.020* 1.983 0.056
Extrahepatic spread 0.664 0.193 0.980 0.956
AFP >400 ng/mL 0.666 0.235 0.648 0.280
Child-Pugh class A 0.613 0.312 0.563 0.265
No prior systemic therapy 0.896 0.723 1.352 0.375
Subsequent progression 2.915 0.007* 4.910 <0.001*
LRT after the index immunotherapy 0.940 0.840 0.341 0.004*

b Durable responders with subsequent progression
Agea 0.988 0.406 0.988 0.433
Male 0.799 0.582 1.129 0.819
Viral etiology associated HCC 0.795 0.548 0.496 0.189
Macrovascular invasiona 1.754 0.101 1.645 0.293
Extrahepatic spreada 0.615 0.167 0.741 0.514
AFP >400 ng/mLa 0.976 0.950 0.605 0.351
Oligoprogressiona 0.678 0.275 0.477 0.141
LRT after the index immunotherapy 0.397 0.009* 0.363 0.050*
Systemic therapy after progression 0.110 0.685

Switching to a different systemic therapy 1 1
Continuing the index immunotherapy 0.406 0.054 0.609 0.386
No more systemic therapy 0.518 0.231 0.880 0.847

AFP, alpha-fetoprotein; HCC, hepatocellular carcinoma; HR, hazard ratio. aAnalyzed based on the data
upon progression. *Denote p value < 0.05 which is considered statistically significant.
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Table 4. Patient characteristics of patient with subsequent progression according to the use of LRT

Receiving LRT Not receiving LRT p value

Baseline characteristics (when receiving the index immunotherapy)

N % N %

Total 37 100.0 17 100.0

Age, years 0.598
Mean (SD) 62.0 (10.1) 63.8 (14.3)
Median (IQR) 61.0 (56.5–67.5) 67 (57.0–74.5)

Gender
Male 30 81.1 13 76.5 0.696
Female 7 18.9 4 23.5

Etiology
Viral (HBV or HCV) 27 73.0 14 82.35 0.512
Nonviral 10 27.0 3 17.65

Child-Pugh class
A 34 91.9 15 88.2 0.321
B 3 8.1 1 5.9
C 0 0 1 5.9

ECOG
≤2 37 100.0 16 94.1 0.315
>2 0 0.0 1 5.9

BCLC stage
B 3 8.1 2 11.8 0.645
C 34 91.9 15 88.2

Vascular invasion 17 45.9 9 52.9 0.633

Extrahepatic spread 26 70.3 8 47.1 0.101

AFP >400 ng/mL 10 27.0 5 29.4 0.856

Prior line of systemic Therapy
0 18 48.6 7 58.8 0.609
1 or above 19 51.4 10 41.2

Types of ICIs
Anti-PD-1/PD-L1mAb alone 13 35.1 5 29.4 0.856
Anti-PD-1/PD-L1 mAb + anti-CTLA-4 mAb 2 5.4 0 0.0
Anti-PD-1/PD-L1 mAb + anti-VEGF mAb 10 27.0 5 29.0
Anti-PD-1/PD-L1 mAb + MKI 10 27.0 6 35.3
Othersa 2 5.4 1 5.9

Clinical characteristics upon progression

N % N % p value

Child-Pugh class
A 34 91.9 12 70.6 0.092
B 3 8.1 5 29.4
C 0 0 0 0
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experienced subsequent progression. In contrast, the
current real-world study revealed that 54 (59.3%) out of 91
durable responders (57.4% of patients with durable PR and
86.5% of patients with durable SD) experienced subse-
quent progression during a median follow-up period of
36.3months. Although the definitions of durable response,
types of immunotherapies, and patient populations dif-
fered between the 2 studies, the data indicate that ap-
proximately 60% of durable responders develop subse-
quent progression despite initial disease control for at least
6–8 months under immunotherapy. Currently, no clini-
copathological characteristics have been identified to
predict subsequent progression. Therefore, it is of great
interest that pathological specimen analysis of subse-
quently progressed lesions may help researchers gain in-
sight into immune escape mechanisms and develop novel
strategies to overcome resistance.

LRT for Subsequent Progression
This study revealed significant survival advantages as-

sociated with LRT for progression in durable responders
who subsequently developed progression despite 70.3% of
them having extrahepatic diseases at the time of progression
(Table 3b, 4). Notably, the survival benefits of LRT were
primarily observed in patients who received LRT for oli-
goprogression (Fig. 3b). The median OS for patients who
received LRT for subsequent oligoprogression is 48.4months
(95% CI: 38.7–58.0), implicating the crucial role of LRT in
addressing acquired immunotherapy resistance in HCC.
These findings align with a growing concept that aggressive
LRTs, with or without systemic therapy, can improve sur-
vival in patients with different types of metastatic cancers

experiencing oligoprogression following systemic therapies,
including immunotherapy [20, 25–38].

In this study, the 3 most employed LRTs for oligo-
progressionwere TACE alone (n= 5) and ablation alone (n=
5), followed by metastasectomy (n = 4). Many patients re-
ceived various combinations of these LRTs in our study,
which underscores the commonly adopted and practiced
concepts of utilizing LRTs along with systemic therapy in the
Asia-Pacific region’s real-world practice. While the role of
radiotherapy [25, 34, 36, 37], metastasectomy [21, 26, 30],
and ablation [28, 38] in treating oligoprogression has been
extensively investigated in other cancer types, the role of
TACE for oligoprogression in HCC had not been reported
before. Nevertheless, it is reasonable to expect that judicious
TACE without compromising liver reserve may contribute
to prolonged OS in cases of hepatic oligoprogression.

Systemic Therapy for Subsequent Progression
Systemic therapy switch is usually considered to

manage subsequent progression following prior sys-
temic therapy failure, particularly in the scenario of
polyprogression, while LRT primarily serves a palliative
role, aiming to relieve symptoms. However, the current
study found that switching to a different systemic
therapy was less common than the employment of LRT
in durable responders who experienced subsequent
progression, regardless of progression patterns (all
progression: 51.9% switched systemic therapy vs. 68.5%
received LRT; oligoprogression: 50.0 vs. 69.4%; poly-
progression: 55.6 vs. 66.7%) (Table 2). The lower rate of
switching to a different systemic therapy in this study
can be attributed to the limited availability of subsequent

Table 4 (continued)

Clinical characteristics upon progression

N % N % p value

ECOG
≤2 34 91.9 15 88.2 0.645
>2 3 8.1 2 11.8

Vascular invasion 13 35.1 5 29.4 0.763

Extrahepatic spread 21 56.8 12 70.6 0.383

AFP >400 ng/mL 8 21.6 5 29.4 0.738

AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; CTLA-4, cytotoxic T-lymphocyte-associated antigen 4; ECOG, Eastern
Cooperative Oncology Group; HBV, hepatitis B virus; HCV, hepatitis C virus; ICI, immune checkpoint inhibitor; IQR, interquartile range;
mAb, monoclonal antibody; MKI, multikinase inhibitors; PD-1, programmed death-1; PD-L1, programmed death ligand 1; RECIST 1.1,
response evaluation criteria in solid tumors 1.1; SD, standard deviation; VEGF, vascular endothelial growth factor; y, year. aOther types
of ICIs include anti-CTLA-4 alone, anti-PD-1 plus anti-ALK-1, anti-PD-L1 plus anti-glypican-3, anti-PD-1 plus anti-LAG-3 antibodies.
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systemic treatment options for patients who no longer
responded to ICI-based immunotherapy, particularly
when 53.7% of them had already received at least one

line of systemic therapy, predominantly as MKI (online
suppl. Table 1). On the other hand, the higher rate of
LRT for subsequent progression is consistent with the

a

b

Fig. 3. OS of durable responders who subsequently developed
progression. a Kaplan-Meier overall survival curves depicting a
comparison between 2 subgroups: patients with subsequent pro-
gression who received locoregional therapy (LRT) and the corre-
sponding subgroup who did not receive LRT. b Left panel: Kaplan-
Meier OS curves depicting a comparison between 2 subgroups:

patients who developed subsequent oligoprogression and received
LRT, and the corresponding subgroup who did not receive LRT;
right panel: Kaplan-Meier OS curves illustrating a comparison
between 2 subgroups: patients who subsequently developed poly-
progression and received LRT and the corresponding subgroup who
did not receive LRT. OS, overall survival; CI, confidence interval.
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preexisting preference and extensive experiences in em-
ploying liver-directed LRT to treat advanced-stage HCC in
the Asia-Pacific region [8]. Additionally, recent advance-
ments in minimally invasive metastasectomy of lung me-
tastases and stereotactic body radiation therapy contribute to
the increased utilization of LRT for extrahepatic progression.

Furthermore, this study demonstrates that switching to a
different systemic therapy did not provide any survival
benefit for durable responders who encountered subsequent
progression (Table 3b). In contrast, a global retrospective
real-world study revealed that subsequent therapy (n = 165),
compared to best supportive care (n= 152), is associatedwith
prolonged OS in HCC patients who discontinued ICI-based
immunotherapy primarily due to progressive disease [39].
The subsequent therapy following immunotherapy discon-
tinuation included not only systemic therapies (MKIs/im-
munotherapy/chemotherapy: 66.1/12.7/5.5%) but also LRTs
(radiotherapy/TACE or TARE/radiotherapy/ablation: 17/
11.5/3.6/2.4%). Therefore, the OS benefits from subsequent
therapy in that study were most likely derived from systemic
therapies rather than LRTs. Another retrospective single-
institute study demonstrated that subsequent MKI, com-
pared to no subsequent MKI, was also associated with
improved OS in multivariate analysis (HR 0.412, p = 0.0043)
in 77 HCC patients who received immunotherapy [40]. The
varying impacts of subsequent systemic therapies on OS
observed in these studies may be attributed to different
patient populations (durable PR or SD to immunotherapy vs.
any response to immunotherapy), varying proportions of
prior MKI failure, and various patient selection biases.

Limitations
Our study has several limitations that require ac-

knowledgment. First, it is crucial to recognize that our
analyses are retrospective in nature, which introduces the
possibility of information bias, including selection bias,
recall bias, or misclassification bias. Second, there is
considerable heterogeneity in the immunotherapy com-
binations received by the durable responders, as well as
significant variation in the types of subsequent LRTs
utilized. Third, the limited size of our study population
prevented us from conducting adequately powered
comparisons between the different subgroups. Moreover,
comprehensive information regarding treatment toxic-
ities and co-medication, such as antibiotics, corticoste-
roids, immunosuppressants, or proton pump inhibitors,
which can potentially impact the response to ICIs, was
not fully available. Despite these limitations, our study’s
strength lies in being the first investigation, to the best of
our knowledge, that comprehensively characterizes the
progression patterns, dispositions, and outcomes of real-

world durable responders with advanced HCC treated
with immunotherapies.

In conclusion, patients with advanced HCC who
experienced durable responses after initiation of im-
munotherapy have excellent clinical outcomes. For this
group of patients, proactive LRTs may further benefit
or rescue patients who developed subsequent oligo-
progression. Prospective studies are mandatory to
clarify the proper management of durable responders
with subsequent progression.
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