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ABSTRACT

INTRODUCTION  Primary liver cancer ranks among the most prevalent malignancies globally.

AIM  We aimed to evaluate the efficacy and safety of transarterial chemoembolization (TACE) combined
with targeted immunotherapy in initially unresectable hepatocellular carcinoma (uHCC), and identify patients
most likely to benefit from this approach.

MATERIALS AND METHODS  \We retrospectively analyzed 68 uHCC patients treated with TACE with targeted
immunotherapy at the Nanjing Drum Tower Hospital (April 2020-July 2024). Tumor response was assessed
using the modified Response Evaluation Criteria in Solid Tumors. Progression-free survival (PFS) and overall
survival rates were estimated with the Kaplan—Meier analysis. Logistic and Cox regression models were
used to identify the predictors of response and survival.

RESULTS The objective response rate was 57.4%, and the disease control rate amounted to 89.7%. Median
PFS was 13.8 months (95% Cl, 8.7-19), with 6- and 12-month PFS rates of 73.1% and 52.5%, respectively.
Surgical conversion occurred in 52.9% of the patients, with 94.6% achieving RO resection; 47.2% had ma-
jor pathologic response. Multivariable analysis showed that fewer than 3 tumors (hazard ratio [HR], 6.35;
P = 0.01) and absence of major vascular invasion (HR, 3.89; P = 0.03) independently predicted favorable
response, while the male sex (HR, 0.27; P <0.001), China Liver Cancer (CNLC) stage Ib—lla (HR, 6.05;
P <0.001), and proton density fat fraction (PDFF) below 6.5% (P = 0.03) predicted longer PFS. Grade 3
adverse events occurred in 52.9% of the patients, with no grade 4-5 events. All were manageable.
concLusioNs TACE with targeted immunotherapy yields high response and surgical conversion rates with
acceptable toxicity in uHCC. Patients with CNLC stage Ib—lla, fewer than 3 tumors, no major vascular inva-
sion, and low PDFF derive the greatest benefit, supporting this approach as an effective conversion strategy.

INTRODUCTION Primary liver cancer ranks
among the most prevalent malignancies global-
ly, with China bearing a particularly heavy burden,
where it is the fourth most common cancer and
the second leading cause of cancer-related mor-
tality.! Hepatocellular carcinoma (HCC), account-
ing for 75%-85% of liver cancer cases, remains
amajor public health challenge. For HCC patients,
surgical resection offers the best chance for long-
-term survival.23 However, due to its insidious

progression, approximately 70% of the them are
diagnosed at intermediate-to-advanced stages,
making curative resection impossible because of
anatomical or tumor-related constraints.
Conversion therapy, a strategy aimed at down-
staging initially unresectable HCC (uHCC) to en-
able surgical resection, has emerged as a transfor-
mative approach. By integrating systemic thera-
pies (targeted agents, immune checkpoint inhibi-
tors [ICIs]) with local modalities, this combination
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has demonstrated superior tumor response rates
and survival outcomes than monotherapy, en-
abling surgical resection in a subset of patients.*’
Transarterial chemoembolization (TACE) com-
bined with targeted immunotherapy has be-
come a mainstream approach for intermediate-
-to-advanced HCC.3"" Clinical evidence highlights
its efficacy: a phase II trial (TACTICS-L)"? showed
that patients receiving TACE with lenvatinib and
programmed cell death protein (PD)-1 inhibi-
tors achieved significantly higher objective re-
sponse rates (ORRs) and conversion rates than
those treated with TACE alone, along with pro-
longed median progression-free survival (PES).
The CHANCE2201 study"?® further demonstrated
improved median overall survival (OS) and PES
in triple-therapy cohorts, as compared with tar-
geted immunotherapy alone. Although the num-
ber of adverse events (AEs) increased, they re-
mained manageable. Notwithstanding these ad-
vances, treatment efficacy is still suboptimal in
a substantial patient subset, highlighting the crit-
ical need for precise patient selection to optimize
therapeutic responses.

Proton density fat fraction (PDFF), a quantita-
tive magnetic resonance imaging (MRI) biomarker
derived from in-phase (IP) and out-of-phase (OP)
PDFF sequences (1/2 - OP/2IP), has emerged as
avaluable tool in hepatic disease assessment. Be-
yond quantifying hepatic steatosis, PDFF corre-
lates with HCC lipid metabolic characteristics, fat-
ty acid degradation subtypes, and tumor micro-
environment features.' This metric also aids in
evaluating liver functional reserve, guiding treat-
ment selection, and monitoring treatment-related
toxicity during conversion therapy.

AIM  Despite the promise of conversion therapy
for uHCC, optimal patient selection criteria and
long-term prognostic indicators remain poor-
ly defined.”518 This retrospective study evalu-
ated the efficacy and safety of TACE-based com-
bined targeted immunotherapy in uHCC patients.
Through patient stratification based on tumor
response and long-term follow-up, we aimed
to identify key biomarkers and clinical charac-
teristics that predict favorable conversion out-
comes and sustained survival benefits, thereby
informing precision oncology strategies for HCC
management.

MATERIALS AND METHODS Inclusion and exclusion
criteria This retrospective study included uHCC
patients who received TACE combined with tar-
geted immunotherapy at our hospital from April
2020 to July 2024. A total of 92 patients were ini-
tially screened. Of them, 24 were excluded due to
incomplete clinical data (n = 10), concurrent ma-
lignancies (n = 6), or loss to follow-up (n = 8). Ul-
timately, 68 patients met the inclusion criteria
and were enrolled in the final analysis. Inclusion
criteria were as follows: 1) diagnosis of HCC on
pathologic and imaging examinations according
to the Guidelines for the Diagnosis and Treatment

of Primary Liver Cancer (2022 edition)'’; 2) Chi-
na Liver Cancer (CNLC) stage Ib-IIla; 3) at least
1 measurable target lesion according to the mod-
ified Response Evaluation Criteria in Solid Tu-
mors (mRECIST)'8; 4) no previous treatment for
HCC; 5) a history of at least 1 course of TACE
combined with targeted immunotherapy; 6) liver
function lower than or equal to 7 points according
to the Child-Pugh classification; and 7) Eastern
Cooperative Oncology Group performance sta-
tus score of 0-1. Exclusion criteria comprised:
1) a history of or currently active other malig-
nant tumors; 2) receiving radiotherapy during
treatment period; 3) incomplete clinical data; and
4) alack of complete follow-up data.

Treatment regimen TACE was performed by expe-
rienced interventional radiologists. The Seldinger
method was used to puncture the femoral ar-
tery, and a Résch hepatic catheter was inserted.
The catheter tip was placed in the superior mes-
enteric artery and celiac artery for angiography,
respectively. The location, number, size, and blood
supply of the tumor lesions were determined in
combination with imaging examinations. Subse-
quently, superselective intubation was performed
to the main feeding artery of the lesion for per-
fusion chemotherapy with raltitrexed or oxalipl-
atin. Then, a microcatheter was used for superse-
lective intubation to the tumor-feeding branch.
After angiographic confirmation, an appropri-
ate amount of emulsion of epirubicin hydrochlo-
ride/idarubicin and lipiodol was injected for em-
bolization treatment. Depending on the specific
characteristics of the tumor, an appropriate num-
ber of embolic microspheres or gelatin sponge mi-
crospheres were used as adjuvants. After the op-
eration, the catheter and catheter sheath were re-
moved, the femoral artery puncture site was com-
pressed and bandaged, and the patient was trans-
ferred back to the department. Targeted therapy
and immunotherapy were sequentially carried
out after TACE, which was repeated as needed.

The targeted therapy drugs and regimens were
as follows. For patients with body weight over
60 kg, 12 mg of lenvatinib mesylate was admin-
istered orally once a day, and for those whose
body weight was 60 kg or less, 8 mg was given
orally once daily. For donafenib tosylate tablets,
200 mg was administered orally twice a day. For
apatinib mesylate, a dose of 250 mg was taken
orally once a day. For sorafenib tosylate tablets,
400 mg was administered orally twice daily. If
drug-related adverse reactions occurred during
the treatment, the drug dosage was adjusted,
or the medication was suspended according to
the drug-related instructions.

Intravenous infusion of the following monoclo-
nal antibody drugs selected for immunotherapy
was given every 3 weeks: camrelizumab (200 mg),
tislelizumab (200 mg), or sintilimab (200 mg).

Data collection and follow-up Clinical data of
the patients were extracted from an electronic
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TABLE 1 Treatment process of patients with initially unresectable hepatocellular

carcinoma
Parameter Value
Treatment method
Treatment cycles of transarterial chemoembolization 2 (2-3)
Treatment cycles of immunotherapy 2 (2-4)

Types of immunotherapy drugs, n (%)

Camrelizumab 38(55.9)
Tislelizumab 28 (41.2)
Sintilimab 2(2.9)
Donafenib 33 (48.5)
Lenvatinib 31(45.7)
Apatinib 2(2.9)
Sorafenib 2(2.9)

Data are presented as median (interquartile range) unless indicated otherwise.

TABLE 2 Overall efficacy of transarterial chemoembolization combined with targeted
immunotherapy in patients with initially unresectable hepatocellular carcinoma

Treatment outcome Total (n = 68)
Complete remission 5(7.4)

Partial remission 34 (50)
Stable disease 22 (32.3)
Progressive disease 7(10.3)
Objective response rate, % 57.4

Disease control rate, % 89.7

Median progression-free survival, mo 13.8 (95% Cl, 8.7-19)
6-month progression-free survival rate, % 73.1
12-month progression-free survival rate, % 525

Median overall survival, mo -

18-month survival rate, % 85.1
24-month survival rate, % 63.9

Data are presented as numbers (percentages) unless indicated otherwise.

medical record system, and they included basic
information (sex, age, hepatitis B virus surface
antigen [HBsAg], liver cirrhosis, and albumin-
-bilirubin [ALBI] grade), tumor characteristics
(number of tumors, maximum tumor diameter,
and CNLC stage), and laboratory test indicators
(routine blood tests before and early after treat-
ment, including neutrophil count, lymphocyte
count, platelet count, etc.; blood biochemical in-
dicators, such as alanine aminotransferase, aspar-
tate aminotransferase, total bilirubin, albumin;
a-fetoprotein, and des-y-carboxy prothrombin).
Peripheral blood inflammatory markers, such
as neutrophil-to-lymphocyte ratio and platelet-
-to-lymphocyte ratio, were calculated based on
these data.

The efficacy of the treatment was evaluated ac-
cording to the mRECIST standard, and the ORR
and disease control rate (DCR) were calculated.
Tumor response was categorized as complete
remission (CR), partial remission (PR), stable

disease (SD), or progressive disease (PD). PES was
defined as the time from the start of treatment to
tumor progression, death, or the last follow-up.
OS was defined as the time from the start of treat-
ment to death or the last follow-up. The patients
were followed up through an electronic medical
record system, telephone, and outpatient visits.
The follow-up deadline was December 1, 2024,
or until the patient was lost to follow-up or died.
Treatment-related AEs during the treatment peri-
od were recorded according to the Common Ter-
minology Criteria for Adverse Events, version 5.0.

Statistical analysis Statistical analyses were
performed using SPSS Statistics software, ver-
sion 27.0 (IBM, Armonk, New York, United
States). Continuous variables were compared
using the t test (independent or paired samples,
as appropriate) for normally distributed data,
and the Mann-Whitney test for non-normally
distributed data. Data conforming to a normal
distribution were expressed as mean (SD), while
non-normally distributed continuous variables
were presented as median and interquartile range
(IQR). Variables with statistical significance in
the univariate analysis were included in the mul-
tivariable logistic regression and Cox regression
models to explore potential predictors of treat-
ment response and survival. Kaplan-Meier sur-
vival curves were generated, and the log-rank
test was used to compare PES and OS between
the groups. Given the limited sample size, these
multivariable analyses were conducted in an ex-
ploratory manner to minimize the risk of mod-
el overfitting. A 2-sided P value below 0.05 was
considered significant.

Ethics This study adhered to the Declaration of
Helsinki and was approved by the Ethics Com-
mittee of the Nanjing Drum Tower Hospital, Af-
filiated Hospital of Nanjing University Medical
School (2021-049-01).

RESULTS Baseline characteristics From April
2020 to July 2024, a total of 68 uHCC patients
(52 men [76.5%]), subjected to TACE combined
with targeted immunotherapy were included.
Baseline characteristics of the participants are
shown in TABLE 1. Mean (SD) age was 57.9 (11.9)
years. A total of 50 patients were positive for
HBsAg (73.6%). Forty-seven individuals (69.1%)
had an ALBI grade 2 liver function. The overall tu-
mor burden of the patients was relatively high.
Mean (SD) maximum tumor diameter was 10.1
(3.1) cm, and the patients in CNLC stage IIa, IIb,
and Illa accounted for 82.4% in total.

Treatment and efficacy The median number of
TACE treatments received by the patients was 2,
as was the median number of cycles of immuno-
therapy cycles. The main immunotherapy drugs
used were camrelizumab, tislelizumab, and sin-
tilimab; the targeted drugs included donafenib,
lenvatinib, apatinib, and sorafenib (TABLE 2). As
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FIGURE 1 Kaplan—Meier curves of progression-free survival (A) and overall survival
(B) rates of all patients

of December 1, 2024, according to the mRECIST
standard, 5 patients achieved clinical CR, 34 in-
dividuals achieved clinical PR, 22 patients had
clinical SD, and 7 participants had clinical PD.
The ORR of the patients was 57.4%, and the DCR
was 89.7%. As analyzed by the Kaplan—-Meier
method, the median PFS of the patients was 13.8
(95% CI, 9.6-not available [NA]) months. This
indicates that the upper bound of the 95% CI
had not been reached by the end of follow-up.
The median (IQR) follow-up was 26.3 (15-40.5)
months. At the time of data cutoff (December 1,
2024), 38 patients (55.9%) were still alive and
therefore censored, while 30 participants (44.1%)
had died. The PFS rates at 6 and 12 months were
73.1% and 52.5% respectively, and the survival
rates at 18 and 24 months were 85.1% and 63.9%,
respectively (FIGURE 1; TABLE 2).

Characteristics of the optimal therapeutic popula-
tion To identify the characteristics of patients
who would benefit from this therapy, we conduct-
ed a Cox regression analysis of PES. The result in-
dicated that male sex (hazard ratio [HR], 0.27;
95% CI, 0.13-0.57; P <0.001) and CNLC stage
Ib-1Ia (HR, 6.05; 95% CI, 2.27-16.14; P <0.001)
were independent influencing factors for PFS
(TABLE 3).

We also observed differences in OS and PFS be-
tween the individuals who achieved remission (CR
and PR) and those who did not (SD and PD). To
determine the factors associated with treatment
remission, univariate and multivariable logistic
regression analyses were performed. The results
of multivariable logistic regression showed that
3 tumors or more/ fewer than 3 tumors (HR, 6.35;
95% CI, 1.54-26.22; P = 0.01) and having/not
having major vascular invasion (HR, 3.89; 95%
CI, 1.11-13.71; P = 0.03) were independent risk
factors for poor treatment response (TABLE 4).

Prognostic analysis of the patients undergoing sur-
gery A total of 36 patients underwent hepa-
tectomy (surgical conversion rate, 52.9%), with
other 2 patients receiving liver transplant. Me-
dian (IQR) conversion time for the surgical pa-
tients was 2.67 (2-3.8) months, mean (SD) oper-
ation time was 5.1 (1.1) hours, median (IQR) in-
traoperative blood loss was 500 (200-1275) ml,
the RO resection rate reached 94.64%, and median
(IQR) postoperative hospital stay was 16 (12-20)
days (TABLE 5). The surgical methods included lap-
aroscopic hepatectomy, robot-assisted resection,
and open resection. Except for 1 individual, whose
pathologic condition was unknown due to surgery
performed in another hospital, there were com-
plete data on the remission rates of 35 patients.
Seventeen (47.2%) achieved a major patholog-
ic response (pathologic remission rate 270%),
and 6 (16.7%) achieved a complete pathologic re-
mission (TABLE 5). Median OS was 17.93 (95% CI,
12.93-NA) months in the nonsurgical group,
whereas it had not been not reached in the sur-
gical group (P <0.001) by the end of follow-up,
indicating substantially longer survival among
the individuals who underwent surgery (FIGURE 2A).
Median relapse-free survival (RFS) of the patients
who underwent hepatectomy was 34.63 months
(95% CI, 9-NA; FIGURE 2B).

Univariate and multivariable Cox proportional-
-hazards regression models were used to analyze
the factors affecting postoperative RFS of the pa-
tients who underwent hepatectomy. A multivari-
able analysis of these factors showed that male sex
(HR, 0.13; 95% CI, 0.02-0.74; P = 0.02) and re-
sidual viable tumor cell rate of 30% or lower (HR,
0.19; 95% CI, 0.04-0.83; P = 0.03) were indepen-
dent influencing factors for the RES in the surgi-
cal patients (TABLE 6).

Predictive role of magnetic resonance imaging pro-
ton density fat fraction in the efficacy of transarte-
rial chemoembolization combined with targeted im-
munotherapy MRI-PDFF is a noninvasive MRI
technique that can accurately assess the accumu-
lation of triglycerides in the liver, and has high
precision and good reproducibility in the diag-
nosis of nonalcoholic fatty liver disease. Previ-
ous studies have confirmed that the MRI-PDFF
value is closely related to the severity of hepatic
steatosis'. In this group, 46 patients underwent
MRI-PDFF dual-echo to collect signals when water
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TABLE 3 Univariate and multivariable analyses of progression-free survival

Clinical characteristics

Progression-free survival

Univariate analysis Multivariable analysis

HR (95% Cl) P value HR (95% CI) P value
Sex (man/woman) 0.32 0.0042 0.27 <0.001
(0.18-0.72) (0.13-0.57)
Age, y (>60/<60) 0.62 0.17 - -
(0.31-1.23)
HBsAg 1.02 0.96 - -
(positive/negative) (0.48-2.16)
Liver cirrhosis 1.51 0.21 - -
(present/absent) (0.8-2.85)
ALBI before treatment 1.82 0.18 - -
(grade 2/grade 1) (0.76-4.34)
Number of tumors 0.64 0.21 - -
(<3/=3) (0.33-1.28)
Maximum tumor 1.26 0.48 - -
diameter, cm (>10/<10) (0.67-2.37)
CNLC stage 5.19 <0.001 6.05 <0.001
(Ib-lla/llb-llla) (2.02-13.37) (2.27-16.14)
NLR 0.46 0.024 0.4 0.27
(decrease/increase) (0.24-0.9) (0.34-1.35)
PLR 0.6 0.13 - -
(decrease/increase) (0.31-1.16)
AFP, ng/ml (>400/<400) 0.84 0.74 - -
(0.31-2.29)
DCP, mAU/mlI 1.82 0.41 - -
(>400/<400) (0.44-7.49)

A P value <0.05 was deemed significant.

Abbreviations: AFP, a-fetoprotein; ALBI, albumin-bilirubin; CNLC, China Liver Cancer;
DCP, des-y-carboxy prothrombin; HBsAg, hepatitis B virus surface antigen; HR, hazard
ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio

and fat were IP and OP, respectively, so as to cal-
culate the percentage of fat signal intensity. Us-
ing 6.5 as the cutoff value, an analysis was con-
ducted to compare PES in subgroups with differ-
ent PDFF values (TABLE 7). PES of the population
with a PDFF value lower than 6.5 was better than
that of the population with a PDFF value higher
than 6.5 (P = 0.03).

Adverse events Common treatment-related
AHEs that were recorded during follow-up are
outlined in TABLE 8, and they occurred in 97.1%
of the patients. The incidence of grade 3 AEs was
52.9%, and no grade 4-5 AEs were recorded. AEs,
such as abdominal pain, fever, and nausea, which
were caused by the postoperative embolization
syndrome associated with TACE, were all grade
1-2. After local chemotherapy, 38.24% of the pa-
tients developed leukopenia. AEs related to im-
munotherapy and targeted therapy included hy-
pertension (26.47%), hand-foot syndrome (25%),
proteinuria (22.06%), and skin rash (20.59%). All
patients with grade 3 AEs improved after dose re-
duction, drug discontinuation, and symptomat-
ic treatment. Subsequently, this study analyzed
the changes in ALBI scores of 68 individuals be-
fore and after receiving triple therapy. The aver-
age ALBI score before treatment was —2.45 (0.3),

and after treatment, it was —2.3 (0.4; P = 0.02;
FIGURE 3).

DISCUSSION This study evaluated clinical appli-
cation of TACE combined with targeted immuno-
therapy in initially uHCC. It aimed to systemati-
cally explore the therapeutic efficacy of this com-
bined treatment method (including, among oth-
ers, tumor remission), safety, surgical conversion
potential, and accurately identify the character-
istics of the patient population most eligible for
this combined treatment. The findings provide
valuable theoretical and practical guidance for op-
timizing clinical management strategies and en-
hancing treatment effectiveness for uHCC.

We demonstrated that TACE combined with
targeted immunotherapy regimen had remarkable
therapeutic effects, achieving ORR of 57.4%, DCR
of 89.7%, and a surgical conversion rate of 52.9%.
These results strongly indicate that this combined
treatment has significant beneficial effects for cer-
tain uHCC patients. Comparative analysis with
previous research found that the ORR and DCR
in our study were at relatively high levels,'6:20-22
highlighting the superior advantages of this com-
bined approach in controlling tumor progression.
Consistent with our findings that intensifying
treatment beyond TACE alone may translate into
better outcomes, prior studies have reported that
TACE combined with [*?*°I] iodine seed insertion
(TACE-I) demonstrated better efficacy and surviv-
al rates than TACE alone. In a single-center retro-
spective cohort, TACE-I yielded considerably high-
er response rates (CR, 59% vs 22%; total response,
92.3% vs 58.5%), as well as prolonged PES (13 vs
7 mo) and OS (23 vs 15 mo) without excess tox-
icity.? Moreover, a recent meta-analysis pooling
5 studies demonstrated that TACE-I was associat-
ed with improved ORR and longer PES and OS rel-
ative to TACE, with a comparable safety profile.?*
Although heterogeneity and potential publication
bias were noted for some end points, the direc-
tion of benefit remained robust. Together, these
data support the rationale of multimodal strate-
gies, by either augmenting locoregional control
(eg, brachytherapy) or combining TACE with sys-
temic agents, to achieve deeper tumor respons-
es and better survival rates in patients with in-
operable HCC. This dual-pronged approach could
partly explain the PES-OS dissociation observed
in our cohort, where earlier progression did not
necessarily translate into early death given effec-
tive postprogression management.

Notably, some studies did not even report
the crucial surgical conversion rate metric.2?"25
For initially uHCC patients, the surgical conver-
sion rate of 52.9% obtained in this study is ex-
tremely remarkable. Compared with other com-
mon treatment regimens, such as neoadjuvant
therapy, this is undoubtedly a prominent ad-
vantage of this combined treatment regimen.
The main reason for the differences in research
results can be attributed to the significant dis-
similarities in the characteristics of the patient
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TABLE 4 Univariate and multivariable logistic regression analyses of factors affecting

treatment response

Clinical characteristics

Treatment response

Univariate analysis Multivariable analysis

HR (95% CI) HR (95% Cl) P value

Sex (man/woman) 2.06 0.21 - -
(0.66-6.4)

Age, y (>60/<60) 2.49 0.08 2.53 0.16
(0.89-6.97) (0.8-8.01)

HBsAg 1.1 0.86 - -

(positive/negative) (0.37-3.27)

Liver cirrhosis 0.61 0.31 - -

(present/absent) (0.23-1.60)

ALBI before treatment 0.42 0.12 - -

(grade 2/grade 1) (0.14-1.26)

Number of tumors 2.719 0.07 6.35 0.01

(=3/<3) (0.92-8.47) (1.54-26.22)

Maximum tumor 0.89 0.81 - -

diameter, cm (=10/<10)  (0.34-2.32)

Major vascular invasion 2.46 0.08 3.89 0.03

(present/absent) (0.91-6.64) (1.11-13.711)

AFP, ng/ml (>400/<400) 0.84 0.74 - -
(0.31-2.29)

DCP, mAU/ml 1.82 0.41 - -

(>400/<400) (0.44-7.49)

NLR (decrease/increase) 0.8 0.68 - -
(0.29-2.24)

PLR (decrease/increase)  0.61 0.34 - -
(0.23-1.65)

Abbreviations: see TABLE 3

TABLE 5 Surgical and postoperative pathological characteristics of the patients after

conversion therapy

Condition Total (n = 36)

Conversion time, mo

2.67 (2-3.8)

Operation time, h, mean (SD)

5.1(1.1)

Intraoperative blood loss, ml

500 (200-1275)

RO resection rate, % 94.64
Postoperative hospital stay, d 16 (12-20)
Major pathological response 17 (47.2)
Pathological complete response 6(16.7)

Data are presented as number
indicated otherwise.

420

(percentage) or median (interquartile range) unless

populations included in each study. Some studies
recruit patients with varied characteristics, such
as different tumor stages, underlying health con-
ditions, and genetic backgrounds, and these fac-
tors have a substantial and complex impact on
treatment outcomes.

During an in-depth examination of the opti-
mal patient population eligible for this combined
treatment regimen, through rigorous data anal-
ysis and statistical processing, multiple key in-
fluencing factors were observed. CNLC stage of
Ib-IIa and the male sex were clearly identified as
important factors influencing PFS. Specifically,
stage Ib-Ila patients who are initially inopera-
ble usually have larger tumors, and the predicted

remaining liver volume is insufficient to maintain
normal liver function, which is determined un-
resectable from a surgical perspective. Howev-
er, after TACE combined with targeted immuno-
therapy, these patients can often achieve an ide-
al PFS state. Men generally derive greater bene-
fits from this combined treatment than women.
This phenomenon may be related to their better
tolerance of the combined treatment,?® enabling
them to more effectively cope with the adverse
reactions caused by the drugs during treatment
process and maintain normal metabolism and
immune response mechanisms of the body, thus
ensuring smooth treatment progress and effica-
cy. These key factors provide clinicians with valu-
able reference points for developing personalized
treatment plans and evaluating patient prognosis.

In this study, the treatment remission rate of
the patients with CNLC stage IIb-IlIa was rela-
tively low. These individuals typically have a heavy
tumor burden, with large tumors that have like-
ly invaded surrounding tissues or blood vessels.
This situation not only greatly increases the com-
plexity and technical difficulty of the treatment
but also notably elevates the risk of micrometas-
tases of tumor cells. In addition, tumor microen-
vironment in CNLC stage IIla patients is more
complex, containing various immunosuppressive
cells and cytokines that interfere with immuno-
therapy effectiveness.?” These factors make it dif-
ficult for immune cells to effectively recognize and
attack tumor cells. At the same time, tumor cell
heterogeneity of stage Illa patients is also great-
er, and the sensitivity of different tumor cell sub-
sets to treatment may vary considerably, which
undoubtedly makes it challenging to complete-
ly control tumor progression through this com-
bined treatment. In terms of treatment response,
further analysis showed that patients with few-
er than 3 tumor lesions and without major vas-
cular invasion obtained more benefits from this
combined treatment method (markedly higher
CR or PR rates).

In our study, 46 patients were examined and
analyzed using the MRI-PDFF dual-echo tech-
nique. This method leverages the diverse physi-
cal properties of water and fat in tissues during
MRI scanning.’'*16 In an external magnetic field,
hydrogen protons in water and fat have very dif-
ferent precession frequencies due to their distinct
chemical environments. Signals are collected re-
spectively in the IP and OP of water and fat, and
as the signals of water and fat are superimposed
on each other in the IP state, they partially cancel
one another out in the OP state. Through precise
processing of the signals collected in these 2 dif-
ferent echo states and calculating the percentage
of the fat signal intensity in the total signal in-
tensity, the PDFF value at the baseline can be ac-
curately measured. Using 6.5 as the critical value,
an in-depth analysis was conducted on the rela-
tionship between different PDFF value groups of
the patient population and the PES rate. The re-
sults showed that the PFS rate of the group with
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TABLE 6 Univariate and multivariable analyses of recurrence-free survival of
the surgical patients

Clinical characteristic Recurrence-free survival

Univariate analysis Multivariable analysis

HR (95% Cl) P value HR (95% Cl) P value

Male sex 0.29 0.06 0.13 0.02
(0.08-1.04) (0.02-0.74)

Age >60y 0.81 0.77 - -
(0.21-3.15)

Number of tumors <3 1.39 0.98 - -
(0.18-11.04)

Maximum tumor 0.98 0.98 - -

diameter >10 cm (0.28-3.41)

CNLC stage, Ib-lIb 0.1 0.03 0.12 0.07
(0.01-0.81) (0.01-1.16)

Efficacy reaching PRor 1.4 0.69 - -

CR (0.27-7.12)

Preoperative AFP 0.27 0.052 0.89 0.9

decrease to 20 ng/ml (0.07-1.01) (0.17-4.82)

RVTCs <30% 0.26 0.03 0.19 0.03
(0.08-0.85) (0.04-0.83)

A P value <0.05 was deemed significant.

Abbreviations: CR, complete remission; PR, partial remission; RVTCs, residual viable

tumor cells; others, see TABLE 3

a PDFF value lower than 6.5 was considerably
better than that of the group with a PDFF val-
ue higher than 6.5 (P = 0.03). The likely mecha-
nism behind this difference is the close internal
relationship between liver fat content (quantita-
tively reflected by the PDFF value) and the overall
metabolic microenvironment of the body. A low-
er PDFF value may mean a lower degree of fat ac-
cumulation in the liver, a relatively better meta-
bolic state of the body,?® and a more sufficient liv-
er function reserve, enabling the body to better
tolerate various burdens related to the treatment
process. At the same time, this good metabol-
ic state is also conducive to maintaining normal
immune function of the body, so that the growth
and spread of tumor cells are inhibited to a cer-
tain extent, and finally manifest as a higher PFS
rate. Conversely, higher PDFF values may indi-
cate abnormal fat metabolism in the liver. This
creates a microenvironment that potentially fa-
vors tumor cell proliferation, invasion, and me-
tastasis. At the same time, it may also have a neg-
ative impact on the normal function of immune
cells, weakening the body’s immune surveillance
and its ability to kill tumor cells, thus leading to
a relatively lower PFS rate.

In terms of safety assessment, most of the AEs
observed in this study were mild (grade 1-2), and
higher-grade events (grade 3 and above) could be
effectively managed through appropriate clinical
interventions. This result indicates that the over-
all safety of TACE combined with targeted immu-
notherapy is within an acceptable range. Patients
can tolerate treatment-related side effects to a cer-
tain extent, and this characteristic is an impor-
tant consideration for clinicians when making
treatment decisions. Through a detailed analy-
sis of the ALBI scores before and after treatment
at the baseline,?® it can be clearly concluded that
this combined treatment would have a certain de-
gree of negative impact on the liver function of
the patients, which is why liver reserve function
must be taken into account when screening and
including individuals for treatment to ensure its
safety and effectiveness.

Despite obtaining important findings, our work
has some limitations that cannot be ignored. First,
as a single-center retrospective study, the sample
size was relatively limited, which may have intro-
duced selection bias and affected the generaliz-
ability of the findings. Accordingly, the multivari-
able analyses should be interpreted with caution
and considered exploratory rather than confirma-
tory. Moreover, patient populations across dif-
ferent medical centers may vary in disease char-
acteristics, genetic backgrounds, and treatment
practices, which could further limit the external
validity of our results. Our study included vari-
ous targeted drugs and ICIs with different effi-
cacy profiles and safety characteristics,2%2530.31
which may have affected the consistency of our
treatment analysis. In addition, the mechanisms
of action of different drugs, their metabolic path-
ways in the body, and synergistic effects with
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TABLE 7 Comparison of treatment response between the high and low proton

density fat fraction groups

Clinical characteristic

(n = 26)

Remission group

Nonremission group
(n = 20)

P value

PDFF <6.5% 22 (66.7) 11(33.3) 0.03
PDFF >6.5% 4 (30.8) 9(69.2)
Data are presented as mean (SD).
Abbreviations: PDFF, proton density fat fraction
TABLE 8 Adverse events related to treatment
Adverse event Any grade Grade 1-2 Grade 3
Abdominal pain 42 (61.76) 42 (61.76) 0
Fever 27 (39.71) 27 (39.71) 0
Nausea 16 (23.35) 16 (23.35) 0
Elevation of alanine 49 (72.07) 40 (58.82) 9(13.24)
aminotransferase
Elevation of aspartate 49 (72.07) 37 (54.41) 12 (17.65)
aminotransferase
Elevation of total bilirubin 25 (36.76) 25 (36.76) 0
Hand-foot syndrome 17 (25) 16 (23.53) 1(1.47)
Telangiectasia 10 (14.71) 8(11.76) 2 (2.94)
Skin rash 14 (20.59) 11(16.18) 3(4.41)
Hypertension 18 (26.47) 17 (25) 1(1.47)
Hypothyroidism 8(11.76) 8(11.76) 0
Proteinuria 15 (22.06) 14 (20.59) 1(1.47)
Decrease in platelets 28 (41.18) 25 (36.76) 3(4.41)
Decrease in white blood cells 26 (38.24) 22 (32.35) 4 (5.88)
Data are presented as numbers (percentages).
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FIGURE 3 Changes in albumin-bilirubin (ALBI) scores after transarterial

chemoembolization combined with targeted therapy and immunotherapy. Boxes indicate
the interquartile range, bars designate the median, whiskers indicate the minimal and

maximal values, and dots represent individual patients.

422

TACE treatment are all different, making it ex-
tremely difficult to accurately evaluate the spe-
cific contribution of each drug in the combined
treatment. In addition, the maximum follow-up
was 56.3 months, and the median OS has not
yet been reached, making it impossible to ana-
lyze the 5-year survival rate. This prevents com-
prehensive analysis of factors affecting OS and
limits our ability to accurately evaluate the long-
-term prognosis of the patients. Extended follow-
-up is crucial for observing the recurrence of tu-
mors, distant metastasis, and long-term adverse
reactions caused by the treatment.

To address these limitations, future research
should focus on conducting multicenter, large-
-sample prospective studies. Such analyses can
more rigorously verify the results of our study and
appropriately explore the differences in the thera-
peutic efficacy of different combinations of target-
ed and immune drugs in the treatment of uHCC.
Multicenter studies can include a more extensive
patient population, effectively reduce the influ-
ence of selection bias, and improve the reliability
and general applicability of the results. Follow-up
should be extended to better evaluate the com-
bined treatment’s impact on long-term patient
survival, including tumor recurrence rates, distant
metastasis, and quality of life. In addition, other
biomarkers that can accurately predict the treat-
ment response need to be further explored. By
detecting specific gene markers, protein markers,
or immune cell subsets, sensitivity of patients
to TACE combined with targeted immunothera-
py could be predicted. This would provide a solid
scientific basis for clinicians to formulate person-
alized treatment plans, enabling doctors to opti-
mize strategies according to the individual char-
acteristics of patients and provide more precise
and effective options for individuals with uHCC,
thus further improving treatment effects and
quality of life of patients.

CONCLUSIONS TACE combined with target-
ed drugs and ICIs has a good therapeutic effect
on some patients with initially uHCC, achieving
relatively high ORR, DCR, and surgical conver-
sion rate. However, the treatment effects vary
among patients at different stages. Those with
CNLC stage Ib-Ila can achieve an ideal PFS af-
ter combined conversion treatment. However,
the treatment remission rate of IIb-IIla stage
patients is low. Individuals with fewer than 3 tu-
mor lesions and without major vascular invasion
can benefit more from the combined treatment.
The PDFF value of the liver is related to the PFS
rate. The population with a PDFF value lower
than 6.5 has a better PFS rate. The overall safety
profile is acceptable, with most AEs being mild
(grade 1-2), and higher-grade events remaining
controllable. However, the treatment has a cer-
tain negative impact on the liver function, so liv-
er reserve function needs to be considered. Due
to the limitations of this study, further research
is needed to verify and improve its results.
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