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Background: Hepatocellular carcinoma (HCC) is a major global health challenge,
with over 50% of patients ineligible for curative treatments at diagnosis. The
combination of molecular targeted therapies and immunotherapy has shown
promise in improving outcomes for advanced HCC.

Objective: This meta-analysis aims to assess the efficacy of combining
transarterial chemoembolisation (TACE) with immune-targeted therapies in
patients with unresectable HCC.

Methods: A systematic review and meta-analysis conforming to PRISMA
guidelines were conducted by searching PubMed, Embase, Web of Science,
and the Cochrane Library for studies published up to January 5, 2025. Due to the
limited clinical evidence, our study exclusively included retrospective studies
based on propensity score matching (PSM) analysis that compared the efficacy of
TACE in combination with immune-targeted therapy to immune-targeted
therapy alone. Key outcomes assessed included objective response rate (ORR),
disease control rate (DCR), one-year overall survival (1-OS), one-year
progression-free survival (1-PFS), median overall survival (mOS), and median
progression-free survival (mPFS).

Results: A total of 9 PSM studies involving 2119 patients were included. The
meta-analysis revealed that TACE significantly improved ORR, DCR, 1-OS, and 1-
PFS, in addition to extending mOS and mPFS.

Conclusion: The findings suggest that the inclusion of TACE in treatment
regimens for unresectable HCC notably enhances tumour control and patient
survival. This study provides moderate to high-quality evidence supporting the
integration of TACE in advanced HCC management, particularly for those
patients not meeting standard TACE criteria.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/,
identifier CRD 42025631817.

hepatocellular carcinoma, transarterial chemoembolisation, immune-targeted therapy,
meta-analysis, combination therapy
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1 Introduction

Primary liver cancer is a significant global health issue, ranking
as one of the top three causes of cancer-related mortality in 46
countries and one of the top five in 90 countries worldwide in 2020
(1). Upon initial diagnosis, more than 50% of patients are deemed
ineligible for curative treatment and are instead candidates for
systemic or locoregional therapies (2, 3).

In recent years, molecular targeted therapies and immunotherapy
have significantly improved the management of patients with advanced
hepatocellular carcinoma (HCC) (4-6). Several large Phase III clinical
trials have demonstrated the advantages of combination treatment with
immune checkpoint inhibitors and tyrosine kinase inhibitors/anti-
VEGF antibodies. Consequently, the combination of molecular
targeted therapies and immunotherapy has been recommended as a
first-line treatment option for advanced HCC.

Transarterial chemoembolisation (TACE) is a local regional
therapy that combines embolisation and chemotherapy, exerting its
anti-cancer effects by selectively occluding the tumour blood supply
arteries and delivering high concentrations of chemotherapeutic agents.
According to the Barcelona Clinic Liver Cancer (BCLC) staging system,
most guidelines and consensus recommend TACE as the standard
first-line treatment for intermediate hepatocellular carcinoma (HCC)
(BCLC B) (7-9). Immune microenvironment remodelling and tumour
angiogenesis are associated with tumour progression following TACE
(10), providing a theoretical basis for the combined application of
TACE with molecular targeted therapies and immunotherapy. Several
studies have supported the advantages of combining TACE with
immune-targeted therapies compared to TACE alone (11, 12).
Furthermore, some meta-analyses based on retrospective studies
have highlighted the prospects of transarterial therapies in
conjunction with immune-targeted treatments (13, 14), although
broad inclusion criteria have limited the quality of the evidence. For
patients with unresectable HCC, particularly non-TACE candidates,
such as those meeting the up-to-seven criteria for intermediate HCC
and patients with advanced HCC, whether the combination of TACE
with immune-targeted treatment confers survival benefits still requires
strong substantiation. Therefore, we conducted a meta-analysis aimed
at investigating the efficacy of immune-targeted treatments with or
without the addition of TACE in the management of HCC and
providing higher-quality evidence to support this combined approach.

2 Methods
2.1 Protocol and registration

This systematic review and meta-analysis complied with the
Preferred Reporting Items for Systematic Review and Meta-

Abbreviations: BCLC, Barcelona Clinic Liver Cancer; DCR, disease control rate;
HCC, hepatocellular carcinoma; HR, hazard ratios; mPVTT, main portal vein
cancer thrombus; OR, odds ratios; ORR, objective response rate; OS, overall
survival; PFS, progression-free survival; PSM, propensity score matched; PVTT,
portal vein tumour thrombosis; TACE, transarterial chemoembolization; TSA,

sequential trial analysis.
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Analyses (PRISMA) statement (Supplementary Table S1). The
protocol for this meta-analysis was registered with PROSPERO
(ID: CRD 42025631817).

2.2 Data sources and search strategy

We conducted an extensive search of multiple electronic
databases, including PubMed, Embase, Web of Science, and the
Cochrane Library, to identify relevant studies published from the
establishment of the database up to January 5, 2025. The search
strategy is detailed in Supplementary Table S2. For the identified
studies and relevant reviews, we manually searched their reference
lists to determine potential related research. No language
restrictions were applied to the search.

2.3 Inclusion and exclusion criteria

Inclusion criteria for published studies that adhere to the
following PICOS principles:

2.3.1 Population

Participants diagnosed with hepatocellular carcinoma (HCC).

2.3.2 Intervention
Combination therapy of immune-targeted therapy with
transarterial chemoembolization (TACE).

2.3.3 Comparison
Combined therapies involving targeted therapies (TKIs or
VEGF antibodies) with immune checkpoint inhibitors.

2.3.4 Outcomes
Trials reporting one or more of the following clinical outcomes:

a. Objective Response Rate (ORR), defined per mRECIST as
the proportion of patients with complete or partial response
after treatment relative to the total number of
patients treated.

b. Disease Control Rate (DCR), defined per mRECIST as the
proportion of patients with complete response, partial
response, and stable disease after treatment relative to the
total number of patients treated.

c. 1-Year Overall Survival (1-OS), the proportion of patients
who are alive one year after treatment.

d. 1-Year Progression-Free Survival (1-PES), the proportion of
patients without tumour progression or death one year
after treatment.

e. Median Progression-Free Survival (mPFS), defined as the
time from the initiation of treatment until half of the
patients experience disease progression or death.

f. Median Overall Survival (mOS), defined as the time from
the commencement of treatment until the death of half of
the patients.
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2.3.5 Study type

Randomized controlled trials, prospective cohort studies, or
propensity score matched (PSM) analyses.

Additionally, we excluded any trial protocols, reviews, case
series, abstracts, duplicate data, and non-PSM retrospective studies.

2.4 Data extraction and quality assessment

The research team prepared a standardized Excel spreadsheet in
advance for data extraction. The extracted data included the first
author, year of publication, region, and sample size of the study;
basic characteristics of the patient cohort, including age, sex ratio,
HBV infection status, Child-Pugh classification, tumour size,
number of tumours, and presence of metastasis; as well as
outcome data, including ORR, DCR, 1-OS, 1-PES, mOS, and
mPFS. Data from survival curves were extracted using Engauge
Digitizer software if detailed reports were not available in the text.

The ROBINS-I tool was used to assess the risk of bias in non-
randomised controlled trials (15). Compared to the Newcastle-Ottawa
Scale, the ROBINS-I tool is more detailed and rigorous, and it aligns
well with the GRADE system. evaluating seven domains before, during,
and after the intervention, which include confounding bias, selection
bias of participants, classification bias of interventions, bias due to
deviations from intended interventions, missing data bias,
measurement bias of outcomes, and selective reporting bias (15). The
quality assessment process was conducted independently by two
members of the research team, with any disagreements resolved
through discussion among all team members. Finally, the GRADE
approach was employed to assess the quality of evidence for the
combined results (https://www.gradepro.org).

2.5 Statistical analysis

The primary outcome measures were ORR, DCR, 1-0OS, and 1-
PFS, while the secondary outcomes included mOS and mPFS. Binary
outcome measures were calculated using odds ratios (OR) and their
corresponding 95% confidence intervals. Survival outcome measures
were determined using hazard ratios (HR) and their 95% confidence
intervals. A random-effects model was employed for the meta-
analysis. During the combined analysis, heterogeneity among the
included studies was assessed using I” statistics. For outcomes with
substantial heterogeneity, sensitivity analyses, subgroup analyses,
and meta-regression were conducted to explore the potential
sources of heterogeneity. Additionally, publication bias was
assessed using funnel plots and Egger’s regression test; when
significant publication bias was detected, trim-and-fill methods
were applied to adjust the pooled results. All statistical analyses
were conducted using the ‘meta’ package in R software.

Furthermore, for the analysis of the primary outcome measures,
we conducted a sequential trial analysis (TSA) to control for type I
and type II errors in the pooled results. We defined 5% type I error
rate (two-sided) and 80% statistical power to calculate the
traditional boundaries. The relative risk reduction (RRR) was
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determined based on published studies (16). TSA was performed
using the TSA 0.9.5.10 Beta software.

3 Results
3.1 Study selection and characteristics

A preliminary search of electronic databases yielded a total of
1821 literature records. After removing duplicates and reviewing
titles and abstracts, 15 studies were considered for inclusion based
on the eligibility criteria. Following the exclusion of non-PSM
retrospective studies and those with duplicated data, 9 non-
randomised controlled trials were included (3, 17-24). Refer to
Figure 1 for details.

All nine non-randomised controlled trials were conducted in
China and collectively included 2119 patients diagnosed with HCC.
Among these studies, seven employed PSM analysis, while two
utilised stabilised inverse probability of treatment weighting
(SIPTW) to balance intergroup differences. Post-matching, there
were no significant intergroup discrepancies, indicating strong
comparability between groups. Of the included studies, five were
multicentre investigations. Four studies specifically focused on
patients with advanced HCC, whose lesions could not be
completely treated with TACE. Consequently, incomplete
embolisation became more prevalent in these investigations. It is
noteworthy that three studies excluded or did not include patients
with main portal vein invasion in their cohorts, whereas the
remaining six studies did not report the proportion of patients
with main portal vein invasion in their populations. Furthermore,
within these studies, eight reported that TACE was administered on
an “on-demand” basis, determined through comprehensive
evaluations during follow-up assessments based on liver function
and disease progression, while one study conducted TACE
according to a predetermined schedule, with patients receiving
repeated TACE treatments at one-month intervals. Exclusion
criteria across all studies included patients lost to follow-up or
with missing data; however, only two studies reported the number
of excluded patients, which represents a significant source of bias
risk. The basic characteristics of all included studies are summarised
in Supplementary Table S3. The methodological quality of all
studies was assessed using the ROBINS-I tool, which indicated a
low to moderate risk of bias, as detailed in Supplementary Table S4.

3.2 ORR

6 studies reported the objective response rates at 1 to 3 months
post-treatment. The meta-analysis indicated that TACE
significantly increased the objective response rate of tumours in
HCC patients undergoing immuno-targeted therapy, with no
significant heterogeneity among the studies (OR 3.75, 95% [2.50,
5.62]; I’=0%, p=0.46). Neither the funnel plot nor Egger’s test
revealed significant publication bias (p=0.081). Further details are
presented in Figures 2A, C.
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The process of literature review and selection

3.3 DCR

6 studies reported the disease control rates at 1 to 3 months
post-treatment. The results of the meta-analysis demonstrated that
the implementation of TACE significantly increased the disease
control rate of tumours in HCC patients undergoing immuno-
targeted therapy, with no significant heterogeneity observed among
the studies (OR 3.09, 95% [2.09, 4.56]; I’=0%, p=0.62). Neither the
funnel plot nor Egger’s test revealed significant publication bias
(p=0.741). Further details are presented in Figures 2B, D.

3.4 1-0S

All studies reported the survival rates at one year post-
treatment. The results of the meta-analysis indicated that the
addition of TACE during immuno-targeted therapy significantly
increased the one-year survival rate of patients (OR 3.01, 95% CI
[1.87, 4.86]). However, the combined results exhibited significant
heterogeneity (I’=71%, p<0.01), as illustrated in Figure 3. Sensitivity
analysis conducted to explore the source of heterogeneity revealed
that the exclusion of the study by Cao et al. significantly reduced the
heterogeneity, as shown in Supplementary Figure 1A. Subsequent
analysis of the funnel plot and Egger’s test indicated a notable
publication bias (p=0.012), as depicted in Figure 3. We employed a
trim-and-fill method to correct for publication bias while excluding
the study by Cao et al., in order to minimise the impact of small-
study effects on the combined results (25). The trim-and-fill method
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identified an additional four publications (Supplementary
Figure 2A), and the adjusted results diminished the effect of
immuno-targeted therapy combined with TACE, yet still showed
a statistically significant difference (OR 1.71, 95% CI [1.09, 2.67]).

3.5 1-PFS

All studies reported the recurrence-free survival rates at one
year post-treatment. The results of the meta-analysis indicated that
the addition of TACE during immuno-targeted therapy
significantly increased the one-year recurrence-free survival rate
of patients, with no significant heterogeneity observed (OR 2.09,
95% CI [1.48, 2.93]; I’=29%, p=0.19), as illustrated in Figure 3.
Analysis of the funnel plot and Egger’s test revealed significant
publication bias (p=0.002), as depicted in Figure 3. The trim-and-fill
method identified an additional five publications (Supplementary
Figure 2B), and the adjusted combined results still exhibited a
statistically significant difference (OR 1.62, 95% CI [1.16, 2.28]).

3.6 mOS

All studies reported data on mOS. The results of the meta-
analysis indicated that the implementation of TACE in patients
with HCC receiving immuno-targeted therapy significantly
extended the median survival time; however, significant
heterogeneity was observed among the studies (HR 0.43, 95% CI
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[0.32, 0.58]; ’=74%, p<0.01), as illustrated in Figure 4. Sensitivity
analysis revealed that the exclusion of the study by Cao et al.
significantly reduced the heterogeneity, as shown in Supplementary
Figure S1B. The funnel plot indicated notable publication bias, and
Egger’s test yielded a p-value of 0.039. The trim-and-fill method
identified an additional two publications (Supplementary Figure
S2C), and the adjusted combined results continued to demonstrate
a statistically significant difference (HR 0.63, 95% CI [0.57, 0.71]).

3.7 mPFS

All studies reported data on mPFS. The results of the meta-
analysis indicated that the implementation of TACE in patients
with HCC receiving immuno-targeted therapy significantly
extended the mPFS; however, significant heterogeneity was
observed among the studies (HR 0.55, 95% CI [0.40, 0.74];
I’=81%, p<0.01), as illustrated in Figure 4. Sensitivity analysis

10.3389/fimmu.2025.1573834

revealed that the exclusion of the study by Cao et al. significantly
reduced the heterogeneity. The funnel plot indicated notable
publication bias, and Egger’s test yielded a p-value of 0.014. The
trim-and-fill method identified an additional four publications
(Supplementary Figure S2D), and the adjusted combined results
continued to demonstrate a statistically significant difference (HR
0.78, 95% CI [0.62, 0.96]).

3.8 Subgroup analysis and
regression analysis

4 studies included only patients with advanced hepatocellular
carcinoma (BCLC stage C), characterised by extensive vascular
invasion or extrahepatic metastasis. Among these studies, the
proportion of patients with vascular invasion ranged from 53.28%
to 100%, while those with extrahepatic metastasis comprised
between 26.51% and 58.6%. The results of the subgroup analysis
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FIGURE 2

Forest plot and funnel plot of the meta-analysis results. (A) forest plot of ORR;

Frontiers in Immunology

(B) forest plot of DCR; (C) funnel plot of ORR; (D) funnel plot of DCR.
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FIGURE 3

Forest plot and funnel plot of the meta-analysis results. (A) forest plot of 1-year OS; (B) forest plot of 1-year PFS; (C) funnel plot of 1-year OS; (D) funnel plot

of 1-year PFS

revealed that in these patient cohorts, the combination of
immunotherapy with targeted therapy and TACE yielded better
outcomes than immunotherapy with targeted therapy alone for 1-
0S (OR 1.87,95% CI [1.35, 2.59]; I>=33%, p=0.21), 1-PFS (OR 1.7,
95% CI [1.20, 2.60]; ’=36%, p=0.19), mOS (HR 0.64, 95% CI [0.56,
0.72]; =0%, p=0.50), and mPFS (HR 0.80, 95% CI [0.73, 0.88];
1’=39%, p=0.18), although the benefits were reduced compared to
the combined results that included patients with intermediate to
advanced HCC (Supplementary Figures S3, 4). It is important to
note that these studies did not include patients with invasion of the
main portal vein, a specific subgroup often associated with very
poor prognosis, for whom the implementation of TACE is limited.

Furthermore, subgroup analyses based on the proportions of
vascular invasion and extrahepatic metastasis within the patient
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cohorts consistently demonstrated that the combination of
immunotherapy and targeted therapy with TACE significantly
enhances patients’ 1-OS, 1-PFS, mOS, and mPFS when compared
to immunotherapy and targeted therapy alone (Supplementary
Figures 5-8).

The meta-regression analysis for 1-OS indicated that the gender
ratio and HBV infection rate within the patient cohorts might be
sources of heterogeneity, explaining 60.89% and 63.61% of the
heterogeneity, respectively. The meta-regression analysis of the
combined results for mOS and mPFS showed that study sample
size, gender ratio, HBV infection rate, Child-Pugh classification,
vascular invasion, and extrahepatic metastasis did not have a
significant effect on the combined results, further confirming the
robustness of the meta-analysis model (Table 1).
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Forest plot and funnel plot of the meta-analysis results. (A) forest plot of OS; (B) forest plot of PFS; (C) funnel plot of OS; (D) funnel plot of PFS.

3.9 Trial sequential analysis

We conducted a TSA for the outcomes of ORR, DCR, 1-OS, and
1-PFS. As illustrated in the figures, the cumulative Z curves in the
TSA exceeded both the trial sequential monitoring benefit boundary
and the estimated required information size (RIS). This indicates that
the meta-analysis has sufficient power to detect statistically significant
differences in ORR, DCR, 1-OS, and 1-PFS, and it may not be
necessary to conduct further trials to confirm this benefit (Figure 5).

3.10 Evidence quality

The quality of evidence for the combined results was assessed
using the GRADE approach. The findings indicated that the
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combined results for primary endpoints were of moderate to high
quality. In contrast, the evidence quality for the combined results of
the secondary endpoints, mOS and mPFS, was found to be lower.
Please refer to Supplementary Figure S9 for further details.

4 Discussion

This meta-analysis investigated the efficacy of monotherapy
with immune-targeted therapy compared to the combination of
immune-targeted therapy and TACE, providing the highest level of
evidence to date in related research. The main findings are
summarised as follows: compared to immune-targeted therapy
alone, the combination of immune-targeted therapy and TACE
significantly improved the ORR and DCR in patients with
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TABLE 1 Results of the meta-regression analysis.

1-0S
Sample Size -0.0007 (-0.0018, 0.0003)
Sex -0.1791 (-0.3063, -0.0520)*

10.3389/fimmu.2025.1573834

(O

0.0003 (-0.0003, 0.0010)

PFS
0.0004 (-0.0003, 0.0012)

0.0510 (-0.0451, 0.1471) 0.0686 (-0.0329, 0.1702)

HBYV Infection -0.0510 (-0.0889, -0.0132)*

Vascular Invasion -0.0176 (-0.0382, 0.0031)

Child-Pugh Class -1.0751 (-6.4846, 4.3344)

Extrahepatic Metastasis -0.0081 (-0.0400, 0.0238)

*P<0.05.

intermediate to advanced HCC, as well as OS and PFS. Even in
patients with advanced HCC who exceed the criteria for TACE but
do not have main portal vein invasion, the combination of immune-
targeted therapy and TACE still further enhances tumour control
and prolongs patient survival. TSA further confirmed that there is
substantial evidence supporting the conclusions regarding
improvements in ORR, DCR, 1-year OS, and 1-year PFS, with the
quality of evidence assessed as moderate to high using the
GRADE approach.

TACE can lead to a hypoxic tumour microenvironment, which
induces the expression of vascular endothelial growth factor,
thereby promoting the formation of an immunosuppressive
microenvironment (26). Additionally, TACE can induce
immunogenic cell death in cancer cells, activating anti-tumour
immunity Additionally, TACE can induce immunogenic cell death

0.0220 (-0.0052, 0.0492) 0.0190 (-0.0138, 0.0517)

0.0109 (-0.0015, 0.0233) 0.0077 (-0.0082, 0.0236)

0.3390 (-2.8234, 3.5015) -1.6378 (-4.9507, 1.6751)

-0.0021 (-0.0184, 0.0141) 0.0040 (-0.0138, 0.0218)

in cancer cells, activating anti-tumour immunity (10). Thus, there is a
robust theoretical basis for the combination of TACE with immune-
targeted therapies. Results from the EMERALD-1 trial demonstrated
that, in patients with unresectable intermediate-to-advanced HCC, the
combination of TACE with Durvalumab and Bevacizumab
significantly extended progression-free survival (PFS) compared to
TACE alone (HR, 0.77, 95% CI [0.61, 0.98], p = 0.032) (27).
Furthermore, a national retrospective cohort study indicated that,
among patients with advanced HCC (with vascular invasion or
extrahepatic metastasis) receiving first-line immune-targeted
therapy, additional TACE treatment further prolonged OS and
PFS (3). This meta-analysis supports the findings of the
aforementioned study.

In recent years, the concept of TACE inapplicability has emerged
(9, 28), particularly for patients meeting certain criteria, such as tumour
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Results of the trial sequential analysis. (A) ORR; (B) DCR; (C) 1-year OS; (D) 1-year PFS.
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burden exceeding the up-to-seven criteria or those with diffuse,
multinodular infiltrative patterns, pure nodular types with extra-
nodular growth, or poorly differentiated HCC, for whom the survival
benefits from TACE are suboptimal. For these patients, how to better
integrate TACE with systemic therapies requires further exploration, as
unnecessary excessive embolisation may lead to deterioration of liver
function, adversely affecting prognosis. TACTICS trial provided a
theoretical framework for the sequential therapy of Lenvatinib/
Sorafenib and TACE, suggesting that the use of anti-VEGF agents
prior to initial TACE treatment can correct tumour vasculature and
improve drug delivery, thereby enhancing the anti-tumour efficacy of
TACE, particularly in patients with tumour burdens exceeding the up-
to-seven criteria, showing beneficial effects on PES and OS (29-31). A
proof-of-concept study indicated that patients with HCC deemed
unsuitable for TACE may achieve clinical or pathological complete
responses through super-selective TACE with curative intent during
first-line treatment with atezolizumab/bevacizumab, ultimately
attaining a clinical drug-free state (32). In this study, the objective of
the TACE procedure was to activate tumour antigen release-mediated
tumour-specific immune responses; hence, “incomplete embolisation”
was commonly practiced to complement immune-targeted therapies
while mitigating liver function impairment (28, 33).

HCC is characterised by a tendency for vascular invasion, often
resulting in the formation of portal vein tumour thrombosis
(PVTT). At the time of initial diagnosis of HCC, 10% to 40% of
patients already exhibit macroscopic PVTT, which significantly
impairs their prognosis (34, 35). In the absence of treatment, the
median survival time for patients with PVTT is only 2 to 4 months
(36). Patients with main portal vein cancer thrombus (mPVTT)
represent a subgroup of advanced HCC patients with exceptionally
poor prognosis, as portal vein obstruction leads to deteriorating
liver function, refractory ascites, and increased risk of
gastrointestinal bleeding, thereby elevating mortality risk. It has
been reported that, without treatment, the mOS for mPVTT
patients is only between 2.2 and 2.7 months (37, 38), which
contributes to their frequent exclusion from large phase III
clinical trials (6, 39, 40). Evidence supporting survival benefits
from TACE predominantly arises from retrospective studies (38,
41, 42). In these studies, cTACE has been shown to extend the
median OS of mPVTT patients to approximately 5 months (38, 41),
while drug-eluting bead TACE appears to further prolong both OS
and TTP (42). The efficacy of combined immunotherapy-targeted
therapy and TACE in mPVTT patients remains uncertain. In a real-
world study (43), outcomes for patients receiving combined
immunotherapy-targeted therapy and TACE did not demonstrate
significant differences when compared with those receiving
immunotherapy-targeted therapy alone (mOS, 10 months vs. 8
months, p=0.254; mTTP, 4 months vs. 4 months, p=0.404).
Multivariate COX regression analysis indicated that treatment
allocation was not a key influencing factor for OS (HR, 1.611,
95% CI [0.961, 2.701], p = 0.071). Regrettably, the patient cohort
included in the study contained almost no mPVTT patients, thus
precluding any definitive conclusions from being drawn.

The strengths of this study include stringent inclusion criteria,
incorporating only high-quality PSM studies, which mitigated
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biases associated with previous retrospective meta-analyses (13).
Additionally, we conducted further TSA and evaluated the quality
of evidence using the GRADE approach, thereby enhancing the
credibility of the combined results. This meta-analysis presents the
best available evidence from relevant studies. However, it still has
limitations. Firstly, although PSM analysis minimises selection bias,
any non-randomised trial is susceptible to inevitable confounding
biases that may affect the reliability of the combined results.
Secondly, the patient cohorts included in the studies exhibited
substantial heterogeneity. Thirdly, four studies only included
patients with advanced HCC (BCLC stage C), and 3 studies
included patients with recurrent HCC and those who had failed
first-line treatment. However, we were unable to perform subgroup
analyses, which may limit the generalisability of the combined
results in these specific patient subgroups. Fourthly, in two
studies, immunotherapy-targeted agents were administered within
one week after patients received TACE, while the remaining studies
did not provide details on the timing of immunotherapy-targeted
agents. The timing of the application of immunotherapy-targeted
agents is associated with patient prognosis (32, 44, 45). Therefore,
the results of the combined analysis should be interpreted with
caution. Lastly, all studies were conducted in China, which restricts
the generalisability of the combined findings.

5 Conclusion

In the treatment of unresectable HCC with immune-targeted
therapy, adding TACE to the treatment regimen can further
enhance tumour control and improve patient prognosis. This
conclusion is further supported by TSA, which indicates a
moderate to high quality of evidence as assessed by the GRADE
approach. Even in intermediate or advanced HCC patients who
exceed the standard criteria for TACE (excluding those with main
portal vein tumour thrombosis), the combination of immune-
targeted therapy and TACE can significantly improve patient
outcomes compared to immune-targeted therapy alone.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Author contributions

JhL: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Software, Visualization, Writing -
original draft. LX: Conceptualization, Formal analysis, Methodology,
Writing - original draft. XW: Data curation, Investigation, Resources,
Writing - original draft. YL: Data curation, Investigation, Writing —
review & editing. JrL: Formal analysis, Investigation, Resources,
Supervision, Writing — review & editing.

frontiersin.org


https://doi.org/10.3389/fimmu.2025.1573834
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Li et al.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

References

1. Rumgay H, Arnold M, Ferlay J, Lesi O, Cabasag CJ, Vignat J, et al. Global burden
of primary liver cancer in 2020 and predictions to 2040. ] Hepatol. (2022) 77:1598-606.
doi: 10.1016/j.jhep.2022.08.021

2. Reig M, Forner A, Rimola J, Ferrer-Fabrega J, Burrel M, Garcia-Criado A, et al.
BCLC strategy for prognosis prediction and treatment recommendation: The 2022
update. ] Hepatol. (2022) 76:681-93. doi: 10.1016/j.jhep.2021.11.018

3. Jin ZC, Chen JJ, Zhu XL, Duan XH, Xin YJ, Zhong BY, et al. Immune
checkpoint inhibitors and anti-vascular endothelial growth factor antibody/tyrosine
kinase inhibitors with or without transarterial chemoembolization as first-line
treatment for advanced hepatocellular carcinoma (Chance2201): A target trial
emulation study. EClinicalMedicine. (2024) 72:102622. doi: 10.1016/j.eclinm.2024.
102622

4. Finn RS, Qin S, Ikeda M, Galle PR, Ducreux M, Kim TY, et al. Atezolizumab plus
bevacizumab in unresectable hepatocellular carcinoma. N Engl ] Med. (2020) 382:1894—
905. doi: 10.1056/NEJMoal915745

5. Qin S, Chan SL, Gu S, Bai Y, Ren Z, Lin X, et al. Camrelizumab plus rivoceranib
versus sorafenib as first-line therapy for unresectable hepatocellular carcinoma
(CARES-310): a randomised, open-label, international phase 3 study. Lancet. (2023)
402:1133-46. doi: 10.1016/S0140-6736(23)00961-3

6. Ren Z, Xu J, Bai Y, Xu A, Cang S, Du C, et al. Sintilimab plus a bevacizumab
biosimilar (IBI305) versus sorafenib in unresectable hepatocellular carcinoma
(ORIENT-32): a randomised, open-label, phase 2-3 study. Lancet Oncol. (2021)
22:977-90. doi: 10.1016/S1470-2045(21)00252-7

7. Cho Y, Choi JW, Kwon H, Kim KY, Lee BC, Chu HH, et al. Transarterial
chemoembolization for hepatocellular carcinoma: 2023 Expert consensus-based
practical recommendations of the Korean Liver Cancer Association. Clin Mol
Hepatol. (2023) 29:521-41. doi: 10.3350/cmh.2023.0202

8. Lu J, Zhao M, Arai Y, Zhong BY, Zhu HD, Qi XL, et al. Clinical practice of
transarterial chemoembolization for hepatocellular carcinoma: consensus statement
from an international expert panel of International Society of Multidisciplinary
Interventional Oncology (ISMIO). Hepatobiliary Surg Nutr. (2021) 10:661-71.
doi: 10.21037/hbsn-21-260

9. Kudo M, Han KH, Ye SL, Zhou J, Huang YH, Lin SM, et al. A changing paradigm
for the treatment of intermediate-stage hepatocellular carcinoma: asia-pacific primary
liver cancer expert consensus statements. Liver Cancer. (2020) 9:245-60. doi: 10.1159/
000507370

10. LiJ, Liu Y, Zheng R, Qu C, Li J. Molecular mechanisms of TACE refractoriness:
Directions for improvement of the TACE procedure. Life Sci. (2024) 342:122540.
doi: 10.1016/j.1fs.2024.122540

11. Zhu HD, Li HL, Huang MS, Yang WZ, Yin GW, Zhong BY, et al. Transarterial
chemoembolization with PD-(L)1 inhibitors plus molecular targeted therapies for
hepatocellular carcinoma (CHANCEOQ01). Signal Transduct Target Ther. (2023) 8:58.
doi: 10.1038/541392-022-01235-0

12. Jin ZC, Zhong BY, Chen JJ, Zhu HD, Sun JH, Yin GW, et al. Real-world efficacy
and safety of TACE plus camrelizumab and apatinib in patients with HCC
(CHANCE2211): a propensity score matching study. Eur Radiol. (2023) 33:8669-81.
doi: 10.1007/s00330-023-09754-2

Frontiers in Immunology

10

10.3389/fimmu.2025.1573834

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2025.
1573834/full#supplementary-material

13. Fang H, Ke Q, Wu S, Tu Q, Wang L. Inmune-targeted therapy with transarterial
chemo(embolization) for unresectable HCC: a systematic review and meta-analysis.
Front Immunol. (2024) 15:1421520. doi: 10.3389/fimmu.2024.1421520

14. Ke Q, Xin F, Fang H, Zeng Y, Wang L, Liu J. The significance of transarterial
chemo(Embolization) combined with tyrosine kinase inhibitors and immune
checkpoint inhibitors for unresectable hepatocellular carcinoma in the era of
systemic therapy: A systematic review. Front Immunol. (2022) 13:913464.
doi: 10.3389/fimmu.2022.913464

15. Sterne JA, Hernan MA, Reeves BC, Savovic J, Berkman ND, Viswanathan M,
et al. ROBINS-I: a tool for assessing risk of bias in non-randomised studies of
interventions. Bmj. (2016) 355:14919. doi: 10.1136/bm;.i4919

16. Cheng A-L, Hsu C, Chan SL, Choo S-P, Kudo M. Challenges of combination
therapy with immune checkpoint inhibitors for hepatocellular carcinoma. ] Hepatology.
(2020) 72:307-19. doi: 10.1016/j.jhep.2019.09.025

17. Cao F, Shi C, Zhang G, Luo J, Zheng J, Hao W. Improved clinical outcomes in
advanced hepatocellular carcinoma treated with transarterial chemoembolization plus
atezolizumab and bevacizumab: a bicentric retrospective study. BMC Cancer. (2023)
23:873. doi: 10.1186/s12885-023-11389-x

18. Lang M, Gan L, Ren S, Han R, Ma X, Li G, et al. Lenvatinib plus sintilimab with or
without transarterial chemoembolization for intermediate or advanced stage hepatocellular
carcinoma: a propensity score-matching cohort study. Am J Cancer Res. (2023) 13:2540.

19. Li H, Su K, Guo L, Jiang Y, Xu K, Gu T, et al. PD-1 inhibitors combined with
antiangiogenic therapy with or without transarterial chemoembolization in the treatment of
hepatocellular carcinoma: A propensity matching analysis. J Hepatocellular Carcinoma.
(2023) 10:1257-66. doi: 10.2147/JHC.S415843

20. Wang J, Zhao M, Han G, Han X, Shi J, Mi L, et al. Transarterial
chemoembolization combined with PD-1 inhibitors plus lenvatinib showed
improved efficacy for treatment of unresectable hepatocellular carcinoma compared
with PD-1 inhibitors plus lenvatinib. Technol Cancer Res Treat. (2023)
22:15330338231166765. doi: 10.1177/15330338231166765

21. Yang X, Deng H, Sun Y, Zhang Y, Lu Y, Xu G, et al. Efficacy and safety of
regorafenib plus immune checkpoint inhibitors with or without TACE as a second-line
treatment for advanced hepatocellular carcinoma: A propensity score matching
analysis. ] Hepatocellular Carcinoma. (2023) 10:303-13. doi: 10.2147/JHC.S399135

22. Cao L, Lu X, Chen H, Yu X, Li ], Peng Y, et al. Regorafenib combination therapy in
advanced hepatocellular carcinoma: with or without transarterial chemoembolization.
Oncology. (2024), 1-22. doi: 10.1159/000542775

23. Jin M, Jiang ZQ, Qin JH, Qin HX, Jiang KW, Ya HX, et al. Efficacy and safety of
lenvatinib plus programmed death-1 inhibitors with or without transarterial
chemoembolization in the treatment of unresectable hepatocellular carcinoma. J
Hepatocellular Carcinoma. (2024) 11:2309-20. doi: 10.2147/JHC.S485047

24. Zhang J-X, Cheng Y, Wei J, Fan W-L, Liu J, Zhou C-G, et al. Transarterial
chemoembolization combined with tyrosine kinase inhibitors plus immune checkpoint
inhibitors versus tyrosine kinase inhibitors plus immune checkpoint inhibitors in
unresectable hepatocellular carcinoma with first- or lower-order portal vein tumor
thrombosis. Cardiovasc Interventional Radiology. (2024) 47:751-61. doi: 10.1007/
500270-024-03724-x

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2025.1573834/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1573834/full#supplementary-material
https://doi.org/10.1016/j.jhep.2022.08.021
https://doi.org/10.1016/j.jhep.2021.11.018
https://doi.org/10.1016/j.eclinm.2024.102622
https://doi.org/10.1016/j.eclinm.2024.102622
https://doi.org/10.1056/NEJMoa1915745
https://doi.org/10.1016/S0140-6736(23)00961-3
https://doi.org/10.1016/S1470-2045(21)00252-7
https://doi.org/10.3350/cmh.2023.0202
https://doi.org/10.21037/hbsn-21-260
https://doi.org/10.1159/000507370
https://doi.org/10.1159/000507370
https://doi.org/10.1016/j.lfs.2024.122540
https://doi.org/10.1038/s41392-022-01235-0
https://doi.org/10.1007/s00330-023-09754-2
https://doi.org/10.3389/fimmu.2024.1421520
https://doi.org/10.3389/fimmu.2022.913464
https://doi.org/10.1136/bmj.i4919
https://doi.org/10.1016/j.jhep.2019.09.025
https://doi.org/10.1186/s12885-023-11389-x
https://doi.org/10.2147/JHC.S415843
https://doi.org/10.1177/15330338231166765
https://doi.org/10.2147/JHC.S399135
https://doi.org/10.1159/000542775
https://doi.org/10.2147/JHC.S485047
https://doi.org/10.1007/s00270-024-03724-x
https://doi.org/10.1007/s00270-024-03724-x
https://doi.org/10.3389/fimmu.2025.1573834
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Li et al.

25. Sterne JA, Sutton AJ, loannidis JP, Terrin N, Jones DR, Lau J, et al.
Recommendations for examining and interpreting funnel plot asymmetry in meta-
analyses of randomised controlled trials. Bmj. (2011) 343:d4002. doi: 10.1136/
bmj.d4002

26. Llovet JM, De Baere T, Kulik L, Haber PK, Greten TF, Meyer T, et al.
Locoregional therapies in the era of molecular and immune treatments for
hepatocellular carcinoma. Nat Rev Gastroenterol Hepatology. (2021) 18:293-313.
doi: 10.1038/s41575-020-00395-0

27. Sangro B, Kudo M, Erinjeri JP, Qin S, Ren Z, Chan SL, et al. Durvalumab with or
without bevacizumab with transarterial chemoembolisation in hepatocellular
carcinoma (EMERALD-1): a multiregional, randomised, double-blind, placebo-
controlled, phase 3 study. Lancet. (2025) 405:216-32. doi: 10.1016/S0140-6736(24)
02551-0

28. Kudo M. A Changing Role of Transarterial Chemoembolization in the Era of
Immune Checkpoint Inhibitor plus Anti-VEGF/TKI plus Transarterial
Chemoembolization: From Total Embolization to Partial Embolization (Immune
Boost Transarterial Chemoembolization). Liver Cancer. (2024) 13:335-43.
doi: 10.1159/000539301

29. Kudo M, Ueshima K, Ikeda M, Torimura T, Tanabe N, Aikata H, et al. Final
results of TACTICS: A randomized, prospective trial comparing transarterial
chemoembolization plus sorafenib to transarterial chemoembolization alone in
patients with unresectable hepatocellular carcinoma. Liver Cancer. (2022) 11:354-67.
doi: 10.1159/000522547

30. Kudo M, Ueshima K, Ikeda M, Torimura T, Tanabe N, Aikata H, et al.
Randomised, multicentre prospective trial of transarterial chemoembolisation
(TACE) plus sorafenib as compared with TACE alone in patients with hepatocellular
carcinoma: TACTICS trial. Gut. (2020) 69:1492-501. doi: 10.1136/gutjnl-2019-318934

31. Kudo M. Implications of the TACTICS trial: establishing the new concept of
combination/sequential systemic therapy and transarterial chemoembolization to
achieve synergistic effects. Liver Cancer. (2022) 11:487-96. doi: 10.1159/000527404

32. Kudo M, Aoki T, Ueshima K, Tsuchiya K, Morita M, Chishina H, et al.
Achievement of Complete Response and Drug-Free Status by Atezolizumab plus
Bevacizumab Combined with or without Curative Conversion in Patients with
Transarterial Chemoembolization-Unsuitable, Intermediate-Stage Hepatocellular
Carcinoma: A Multicenter Proof-Of-Concept Study. Liver Cancer. (2023) 12:321-38.
doi: 10.1159/000529574

33. Kudo M. Atezolizumab plus bevacizumab followed by curative conversion (ABC
conversion) in patients with unresectable, TACE-unsuitable intermediate-stage
hepatocellular carcinoma. Liver Cancer. (2022) 11:399-406. doi: 10.1159/000526163

34. Lu J, Zhang X-P, Zhong B-Y, Lau WY, Madoff DC, Davidson JC, et al.
Management of patients with hepatocellular carcinoma and portal vein tumour
thrombosis: comparing east and west. Lancet Gastroenterol Hepatology. (2019)
4:721-30. doi: 10.1016/S2468-1253(19)30178-5

Frontiers in Immunology

11

10.3389/fimmu.2025.1573834

35. Mihringer-Kunz A, Steinle V, Diiber C, Weinmann A, Koch S, Schmidtmann I, et al.
Extent of portal vein tumour thrombosis in patients with hepatocellular carcinoma: The
more, the worse? Liver Int. (2019) 39:324-31. doi: 10.1111/1iv.2019.39.issue-2

36. Goyal L, Qadan M, Zhu AX. Another treatment option for advanced
hepatocellular carcinoma with portal vein thrombosis in China. JAMA Oncol. (2019)
5:938-9. doi: 10.1001/jamaoncol.2019.0249

37. Llovet JM, Bustamante ], Castells A, Vilana R, Ayuso Mdel C, Sala M, et al.
Natural history of untreated nonsurgical hepatocellular carcinoma: rationale for the
design and evaluation of therapeutic trials. Hepatology. (1999) 29:62-7. doi: 10.1002/
hep.510290145

38. Chung GE, Lee JH, Kim HY, Hwang SY, Kim JS, Chung JW, et al. Transarterial
chemoembolization can be safely performed in patients with hepatocellular carcinoma
invading the main portal vein and may improve the overall survival. Radiology. (2011)
258:627-34. doi: 10.1148/radiol.10101058

39. Kudo M, Finn RS, Qin S, Han KH, Ikeda K, Piscaglia F, et al. Lenvatinib versus
sorafenib in first-line treatment of patients with unresectable hepatocellular carcinoma:
a randomised phase 3 non-inferiority trial. Lancet. (2018) 391:1163-73. doi: 10.1016/
S0140-6736(18)30207-1

40. Finn RS, Ryoo BY, Merle P, Kudo M, Bouattour M, Lim HY, et al.
Pembrolizumab as second-line therapy in patients with advanced hepatocellular
carcinoma in KEYNOTE-240: A randomized, double-blind, phase III trial. J Clin
Oncol. (2020) 38:193-202. doi: 10.1200/JCO.19.01307

41. Xiang X, Lau WY, Wu ZY, Zhao C, Ma YL, Xiang BD, et al. Transarterial
chemoembolization versus best supportive care for patients with hepatocellular
carcinoma with portal vein tumor thrombus:a multicenter study. Eur J Surg Oncol.
(2019) 45:1460-7. doi: 10.1016/j.€js0.2019.03.042

42. ChenJ, Lai L, Zhou C, Luo J, Wang H, Li M, et al. Safety, efficacy, and survival of
drug-eluting beads-transarterial chemoembolization vs. conventional-transarterial
chemoembolization in advanced HCC patients with main portal vein tumor
thrombus. Cancer Imaging. (2023) 23:70. doi: 10.1186/s40644-023-00581-8

43. Song Z, Wu D-D, Fan W-Z, Wu M-], Miao H-F, Du J-H, et al. A real-world
study of tyrosine kinase inhibitors plus anti-PD-1 immunotherapy with or without
chemoembolization for hepatocellular carcinoma patients with main portal vein
invasion. Abdominal Radiology. (2024) 49:2650-8. doi: 10.1007/s00261-024-04490-7

44. Ju S, Zhou C, Hu J, Wang Y, Wang C, Liu J, et al. Late combination of
transarterial chemoembolization with apatinib and camrelizumab for unresectable
hepatocellular carcinoma is superior to early combination. BMC Cancer. (2022) 22:335.
doi: 10.1186/s12885-022-09451-1

45. Kudo M, Ueshima K, Saeki I, Ishikawa T, Inaba Y, Morimoto N, et al. A phase 2,
prospective, multicenter, single-arm trial of transarterial chemoembolization therapy in
combination strategy with lenvatinib in patients with unresectable intermediate-stage
hepatocellular carcinoma: TACTICS-L trial. Liver Cancer. (2024) 13:99-112.
doi: 10.1159/000531377

frontiersin.org


https://doi.org/10.1136/bmj.d4002
https://doi.org/10.1136/bmj.d4002
https://doi.org/10.1038/s41575-020-00395-0
https://doi.org/10.1016/S0140-6736(24)02551-0
https://doi.org/10.1016/S0140-6736(24)02551-0
https://doi.org/10.1159/000539301
https://doi.org/10.1159/000522547
https://doi.org/10.1136/gutjnl-2019-318934
https://doi.org/10.1159/000527404
https://doi.org/10.1159/000529574
https://doi.org/10.1159/000526163
https://doi.org/10.1016/S2468-1253(19)30178-5
https://doi.org/10.1111/liv.2019.39.issue-2
https://doi.org/10.1001/jamaoncol.2019.0249
https://doi.org/10.1002/hep.510290145
https://doi.org/10.1002/hep.510290145
https://doi.org/10.1148/radiol.10101058
https://doi.org/10.1016/S0140-6736(18)30207-1
https://doi.org/10.1016/S0140-6736(18)30207-1
https://doi.org/10.1200/JCO.19.01307
https://doi.org/10.1016/j.ejso.2019.03.042
https://doi.org/10.1186/s40644-023-00581-8
https://doi.org/10.1007/s00261-024-04490-7
https://doi.org/10.1186/s12885-022-09451-1
https://doi.org/10.1159/000531377
https://doi.org/10.3389/fimmu.2025.1573834
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	The role of TACE in the era of immune-targeted therapy for hepatocellular carcinoma: a meta-analysis based on PSM
	1 Introduction
	2 Methods
	2.1 Protocol and registration
	2.2 Data sources and search strategy
	2.3 Inclusion and exclusion criteria
	2.3.1 Population
	2.3.2 Intervention
	2.3.3 Comparison
	2.3.4 Outcomes
	2.3.5 Study type

	2.4 Data extraction and quality assessment
	2.5 Statistical analysis

	3 Results
	3.1 Study selection and characteristics
	3.2 ORR
	3.3 DCR
	3.4 1-OS
	3.5 1-PFS
	3.6 mOS
	3.7 mPFS
	3.8 Subgroup analysis and regression analysis
	3.9 Trial sequential analysis
	3.10 Evidence quality

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


