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Abstract
Objective To explore the efficacy and safety of RALOX-HAIC (raltitrexed plus oxaliplatin) combined with lenvatinib in 
the treatment of elderly patients with unresectable hepatocellular carcinoma (uHCC), aiming to provide a safer and 
more effective therapeutic strategy for this patient population.

Materials and methods A retrospective analysis was conducted on the clinical data of 82 elderly patients with uHCC 
who received treatment in the Department of Interventional Radiology at Wuhan Union Hospital from January 2019 
to December 2022. Patients were divided into two groups based on their treatment strategy: HAIC + Lenvatinib group 
(N = 39) and TACE group (N = 43). The primary endpoints were the objective response rate (ORR), disease control rate 
(DCR), overall survival (OS), and progression-free survival (PFS) in the two groups. The secondary endpoint was the 
incidence of treatment-related adverse events in both groups.

Results The ORR and DCR after treatment were higher in the HAIC + Lenvatinib group compared to the TACE group 
(61.5% vs. 37.2%, 82.1% vs. 58.1%, P < 0.05). The HAIC + Lenvatinib group had a longer median progression-free 
survival (mPFS,9.2 months vs. 4.6 months, P < 0.001) and  median overall survival(mOS, 18.1 months vs. 10.6 months, 
P < 0.001) compared to the TACE group. The incidence of abdominal pain and fever was significantly higher in the 
TACE group than in the HAIC + Lenvatinib group (including all grades and grades 3/4, P < 0.05). The incidence of hand-
foot syndrome (all grades) was higher in the HAIC + Lenvatinib group compared to the TACE group (15.4% vs. 0.0%, 
P = 0.009), but there was no significant difference in the incidence of grade 3/4 hand-foot syndrome between the two 
groups (2.6% vs. 0.0%, P = 0.476).

Conclusion This study demonstrates that RALOX-HAIC combined with lenvatinib provides superior survival 
outcomes and tolerability compared to TACE alone  in elderly patients (≥ 70 years) with unresectable HCC. This 
combination therapy may be a feasible and safe option for improving the prognosis of elderly patients with uHCC.
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Introduction
Hepatocellular carcinoma (HCC) is one of the most com-
mon malignant tumors, accounting for approximately 
75–85% of all primary liver malignancies [1]. Accord-
ing to the latest Global Cancer Statistics 2022 (GLO-
BOCAN), HCC remains the  6th most common cancer 
globally  and the  3rd leading cause of cancer-related mor-
tality [2] posing a severe threat to public health and life. 
Surgical resection remains curative for fewer than 30% 
of patients with hepatocellular carcinoma (HCC) [3]. 
Geriatric patients face further restricted surgical candi-
dacy due to multimorbidity burden, necessitating opti-
mized management strategies for unresectable HCC 
(uHCC) in this population. Transarterial chemoemboli-
zation (TACE) constitutes a mainstay therapy for uHCC 
[4], endorsed as first-line treatment in Barcelona Clinic 
Liver Cancer (BCLC) stage B by international guidelines 
for its ability to delay progression and extend survival 
[5]. Emerging evidence supports TACE’s survival benefit 
in selected BCLC stage C patients [6, 7]; however, pro-
cedure-related complications remain significant. These 
include post-embolization syndrome (manifesting as 
abdominal pain, pyrexia, nausea/vomiting), infectious 
complications, biliary tract injuries, gallbladder perfora-
tion, and hepatotoxicity ranging from liver dysfunction 
to fulminant hepatic failure [8, 9]. Such adverse events 
disproportionately impact elderly patients, potentially 
precipitating cardiovascular events, gastrointestinal 
hemorrhage, hepatic abscess formation, or life-threat-
ening sequelae. Hepatic arterial infusion chemother-
apy (HAIC) has emerged as a promising alternative for 
uHCC management [10, 11]. This locoregional therapy 
delivers chemotherapeutics directly into the hepatic 
artery, achieving suprapharmacological tumor exposure 
while minimizing systemic drug distribution. The hepatic 
first-pass effect substantially reduces systemic toxicity 
[12, 13]. Clinical trials evaluating HAIC regimens - par-
ticularly those incorporating FOLFOX-based protocols - 
demonstrate notable efficacy in treating large tumors and 
portal vein tumor thrombus (PVTT) [14, 15]. Notably, 
HAIC exhibited a lower incidence of treatment-related 
Adverse events (AEs) with superior tolerability profile 
compared to sorafenib [16].Given these considerations, 
our institution has developed a novel therapeutic strat-
egy combining HAIC with molecular targeted therapy for 
elderly patients with uHCC. Traditional FOLFOX-based 
HAIC protocols require prolonged continuous infusion 
(48  h) [17], which poses significant tolerability chal-
lenges in geriatric populations. To optimize treatment 
feasibility, we implemented a modified HAIC regimen 

utilizing oxaliplatin combined with raltitrexed (RALOX). 
As a folate analog antimetabolite targeting thymidylate 
synthase (TS) [18, 19], raltitrexed demonstrates a sub-
stantially extended plasma half-life (198  h) compared 
to 5-fluorouracil (5-FU) [20, 21]. This pharmacokinetic 
advantage allows us to deliver RALOX-HAIC with a 
concise 3-hour raltitrexed infusion cycle, overcom-
ing the procedural burden associated with conventional 
FOLFOX-based regimens. Shiguang Chen et al. demon-
strated that RALOX-HAIC achieves superior objective 
response rates (ORR) and extends overall survival (OS) 
compared to TACE in patients with locally advanced 
HCC, while maintaining comparable safety profiles [22]. 
Lenvatinib, a multitarget tyrosine kinase inhibitor (TKI) 
endorsed by major clinical guidelines as first-line therapy 
for HCC [23–25], gained FDA approval in 2017 based on 
the REFLECT phase III trial demonstrating non-inferior-
ity to sorafenib [26]. Although its favorable safety profile 
(low incidence of grade ≥ 3 AEs) and manageable toler-
ability make it an attractive candidate for elderly patients 
[27, 28], its efficacy in this population remains under 
investigation. Through a retrospective analysis of clinical 
data from our center, this study aims to explore the effi-
cacy and safety of RALOX-HAIC (raltitrexed + oxalipla-
tin) combined with lenvatinib in the treatment of elderly 
patients with uHCC, with the goal of providing safer 
and more effective treatment strategies for this patient 
population.

Materials and methods
General information
Clinical data were collected from 82 elderly patients 
with uHCC who were treated at Union Hospital, affili-
ated with Tongji Medical College of Huazhong University 
of Science and Technology, between January 2019 and 
December 2022. The inclusion criteria were as follows: 
(1) Histologically or radiologically confirmed diagno-
sis of HCC [29]; (2) Multidisciplinary evaluation deter-
mining the tumor as unresectable; (3) Age > 70 years; 
(4) Child-Pugh class A-B liver function, Eastern Coop-
erative Oncology Group (ECOG) performance status 
score of 0–1; (5) History of liver cirrhosis; (6) No prior 
radiotherapy, chemotherapy, targeted therapy, or immu-
notherapy for HCC. The exclusion criteria included: (1) 
Tumor thrombus involving bilateral first-order branches 
of the portal vein or the main trunk of the portal vein 
with few collateral circulations; (2) Severe abnormalities 
in cardiac, pulmonary, renal, hematologic, neurologic, 
or coagulation systems; (3) Presence of primary or meta-
static malignancies in other sites; (4) Allergy to iodinated 
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contrast agents, chemotherapeutic agents, or lenvatinib; 
(5) Expected survival < 3 months; (6) Incomplete clinical 
follow-up data. Patients were divided into two groups 
based on the treatment received(Fig. 1): the HAIC + Len-
vatinib group (N = 39) and the TACE group (N = 43). 
Baseline data collected for both groups included gender, 
age, cause of cirrhosis, preoperative Child-Pugh classifi-
cation of liver function, ECOG score, AFP level, BCLC 
stage, PVTT, history of hypertension, history of diabetes, 
total bilirubin, ALT, AST, white blood cell count(WBC), 
red blood cell count(RBC), and platelet count(PLT). Lab-
oratory and imaging evaluations were conducted  within 
14 days before treatment initiation  to capture stable pre-
treatment disease characteristics. Complete blood count, 
aspartate aminotransferase (AST) and alanine amino-
transferase (ALT), bilirubin, and Alpha-fetoprotein (AFP) 
levels were measured. Contrast-enhanced CT (or MRI 
for iodinated contrast-contraindicated patients) was per-
formed to assess tumor burden and vascular invasion. 
Two independent radiologists blinded to treatment allo-
cation reviewed all images.

Methods
TACE Procedure[30]
Conventional TACE (C-TACE) was performed via the 
femoral artery approach. Digital subtraction angiogra-
phy (DSA) was conducted to delineate tumor-feeding 
arteries. A 2.7 F microcatheter was advanced superselec-
tively into the target vessel. Sequential embolization was 

performed by injecting an iodized oil + epirubicin emul-
sion (20  mg of epirubicin is administered per 5 mL of 
iodized oil, with a total iodized oil volume ranging from 5 
to 15 mL.) followed by 300–500-µm gelatin sponge parti-
cles until complete cessation of blood flow in the tumor-
feeding artery was achieved.

HAIC Procedure[31]
Following femoral artery access, digital subtraction angi-
ography (DSA) was performed to delineate tumor-feed-
ing arteries. If extrahepatic arterial collaterals supplying 
the tumor were identified, metallic coils were deployed 
for embolization. The microcatheter was selectively 
advanced into the proper hepatic artery, left hepatic 
artery, or right hepatic artery based on tumor location 
and secured in place. A continuous infusion regimen 
was administered via the indwelling catheter: Oxaliplatin 
100 mg was dissolved in 250 mL of 5% dextrose solution 
and administered as a slow hepatic arterial infusion over 
2 h via catheter, followed by Raltitrexed 4 mg dissolved in 
250 mL of 0.9% sodium chloride solution, infused slowly 
into the hepatic artery over 3 h.

Lenvatinib treatment
Oral lenvatinib was initiated at 8  mg daily. Dose reduc-
tion to 4  mg daily was permitted in cases of grade ≥ 3 
adverse events. No patients required discontinuation of 
lenvatinib due to intolerable AEts in this study.

Fig. 1 Patient selection flowchart
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Patients underwent clinical evaluation, laboratory 
testing (complete blood count, liver function tests), 
and contrast-enhanced CT/MRI every 4 weeks. Radio-
graphic response was reassessed, with repeat interven-
tions scheduled for persistent viable tumor. The median 
follow-up duration was 18 months (interquartile range: 
6–30 months). Patients lost to follow-up were censored 
at their last known alive date.

Outcome measures
Primary Endpoints:

(1) Tumor Response: Evaluated using The modified 
Response Evaluation Criteria in Solid Tumors 
(mRECIST) criteria [32], categorized as: Complete 
Response (CR), Partial Response (PR), Stable Disease 
(SD), Progressive Disease (PD).

(2) Efficacy Metrics: Objective response rate 
(ORR = CR + PR) and disease control rate 
(DCR = CR + PR + SD).

(3) Survival Outcomes: Median progression-free 
survival (PFS) and overall survival (OS).

Secondary Endpoints:

(1) Laboratory Parameters: Changes in liver function 
(total bilirubin, ALT, AST) and hematologic indices 
(platelets, WBC, RBC) at 3 months.

(2) Safety Profile: Incidence of treatment-related adverse 
events (TRAEs) graded per CTCAE v5.0 [33].

Statistical methods
Data were analyzed using SPSS version 26.0 (IBM Corp., 
Armonk, NY, USA). Categorical variables were com-
pared using chi-square or Fisher’s exact tests. Continuous 
variables were assessed with Student’s t-test or Mann-
Whitney U test. Survival curves were generated via the 
Kaplan-Meier method and compared using the log-rank 
test. A two-tailed P < 0.05 was considered statistically 
significant. Missing data were addressed using multiple 
imputation techniques.

Results

Baseline characteristics
As shown in Table  1, no statistically significant differ-
ences were observed between the two groups in terms 
of gender distribution, age, etiology of cirrhosis, preop-
erative Child-Pugh class, ECOG performance status, 
alpha-fetoprotein (AFP) levels, portal vein tumor throm-
bosis status, BCLC stage, hypertension history, diabetes 
history, total bilirubin, alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), white blood cell 
count, red blood cell count, or platelet count (all p > 0.05).

Post-treatment hematological parameters
At 3-month follow-up, no significant intergroup dif-
ferences were found in total bilirubin, ALT, AST, white 
blood cell (WBC), or red blood cell (RBC) levels (all 
p > 0.05, Table  2). However, platelet counts were signifi-
cantly lower in the HAIC + Lenvatinib group compared 
to the TACE group (71.7 ± 26.6 G/L vs. 83.5 ± 25.5 G/L; 
p = 0.043).

Tumor response evaluation
The HAIC + Lenvatinib cohort demonstrated superior 
tumor response compared to the TACE group (Table 3). 
CR and PR rates were significantly higher in the combi-
nation group (p = 0.027). ORR was 61.5% (24/39) ver-
sus 37.2% (16/43; p = 0.046), while DCR reached 82.1% 
(32/39) versus 58.1% (25/43; p = 0.030).

Survival outcomes
mPFS (Table 4; Fig. 2): RALOX-HAIC + Lenvatinib group, 
9.2 months (95%CI 7.8–10.7 months); TACE group, 4.6 
months (95%CI 4.0-5.4 months); P < 0.001.

mOS (Table  4; Fig.  3)): RALOX-HAIC + Lenvatinib 
group, 18.1 months (95%CI 15.0-21.1 months); TACE 
group, 10.6 months (95%CI 8.7–12.5 months); P < 0.001.

Treatment-related adverse events
As summarized in Table  5, no significant differences 
emerged in vomiting, diarrhea, anorexia, or fatigue inci-
dence (all p > 0.05). The TACE group exhibited mark-
edly higher rates of abdominal pain (51.2% vs. 20.5%; 
p = 0.006) and fever (32.6% vs. 7.7%; p = 0.006) across 
all severity grades. While hand-foot reaction incidence 
was higher in the HAIC + Lenvatinib group (15.4% vs. 
0.0%; p = 0.009), no significant difference was observed 
for grade ≥ 3 events (2.6% vs. 0.0%; p = 0.476). Although 
blood pressure elevation occurred more frequently in the 
combination group (all grades: 23.1% vs. 7.0%; grade ≥ 3: 
7.7% vs. 2.3%), these differences did not reach statistical 
significance (p = 0.059 and p = 0.342, respectively).

Definition
Blood pressure elevation was defined as new-onset 
hypertension or worsening of pre-existing hypertension 
(previously controlled) during treatment.

Discussion
The lack of early-stage clinical manifestations combined 
with age-related attenuation in symptom perception 
frequently results in delayed diagnosis among elderly 
patients, who typically present with intermediate or 
advanced disease stages [34, 35]. Furthermore, this pop-
ulation demonstrates a higher prevalence of common 
comorbidities including hypertension, type 2 diabetes 
mellitus, and cardiopulmonary dysfunction, which often 
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render surgical resection infeasible [36]. Consequently, 
developing safe, evidence-based therapeutic strategies to 
enhance survival outcomes and maintain quality of life 
remains a critical priority for clinicians managing elderly 
uHCC patients [37]. The chemotherapeutic agents 
injected via the catheter can inhibit tumor cell prolifera-
tion and induce apoptosis, while the embolization of the 
tumor’s arterial blood supply leads to ischemia, hypoxia, 
and necrosis of the tumor tissue [38]. The TACE group 
demonstrated an ORR of 37.2% and DCR of 58.1%, with 
mPFS and mOS of 4.6 and 10.6 months respectively, 
consistent with data reported in other studies. Matan J. 
Cohen et al. [39] reported that among 102 HCC patients 
who received TACE as the only treatment, 10 patients 
(9.8%) were older than 80 years at diagnosis; 13 patients 
(12.7%) were aged 75–80 years, and 45 patients (44.1%) 
were aged 65–75 years. The 1-year, 2-year, and 3-year 
survival rates were 83%, 66%, and 48% in patients aged 
65–75 years, and 86%, 41%, and 23% in patients aged ≥ 75 
years, respectively. Despite its efficacy in uHCC, TACE 

Table 1 Comparison of baseline characteristics between the two groups
Group
HAIC + Lenvatinib 
group(N = 39)

TACE group(N = 43) Chi-Square Tests(p-value) t-
test(p-
value)

Fisher’s 
Exact Test

Pearson 
Chi-Square

Gender Female n (%) 12 (30.8%) 9 (20.9%) 0.325
Male n (%) 27 (69.2%) 34 (79.1%)

Etiology of cirrhosis Hepatitis B n (%) 26 (66.7%) 31 (72.1%) 0.528
Hepatitis C n (%) 10 (25.6%) 7 (16.3%)
others n (%) 3 (7.7%) 5 (11.6%)

Pre-treatment ECOG 0 n (%) 27 (69.2%) 28 (65.1%) 0.815
1 n (%) 12 (30.8%) 15 (34.9%)

Pre-treatment liver 
function

Child A n (%) 26 (66.7%) 31 (72.1%) 0.637
Child B n (%) 13 (33.3%) 12 (27.9%)

BCLC staging B n (%) 25 (64.1%) 26 (60.5%) 0.821
C n (%) 14 (35.9%) 17 (39.5%)

Portal vein tumor 
thrombus

No n (%) 26 (66.7%) 32 (74.4%) 0.475
Yes n (%) 13 (33.3%) 11 (25.6%)

AFP < 400 µg/L n (%) 11 (28.2%) 10 (23.3%) 0.623
≥ 400 µg/L n (%) 28 (71.8%) 33 (76.7%)

Hypertension No n (%) 14 (35.9%) 18 (41.9%) 0.653
Yes n (%) 25 (64.1%) 26 (58.1%)

Diabetes No n (%) 27 (69.2%) 27 (62.8%) 0.643
Yes n (%) 12 (30.8%) 16 (37.2%)

Age(Years) Mean ± SD 75.5 ± 5.9 73.5 ± 5.6 0.119
Tumor size (cm) Mean ± SD 8.2 ± 3.1 7.5 ± 2.8 0.211
Number of nodules Mean ± SD 2.8 ± 1.2 2.5 ± 1.1 0.193
Pre-treatment 
bilirubin(µmol/L)

Mean ± SD 14.44 ± 6.85 15.27 ± 6.64 0.581

Pretreatment ALT(U/L) Mean ± SD 42.1 ± 26.2 40.1 ± 22.1 0.707
Pretreatment AST(U/L) Mean ± SD 33.0 ± 17.1 38.2 ± 21.8 0.241
Pretreatment WBC(G/L) Mean ± SD 3.43 ± 1.22 3.69 ± 1.15 0.325
Pretreatment RBC(T/L) Mean ± SD 3.84 ± 0.63 4.03 ± 0.70 0.196
Pretreatment PLT(G/L) Mean ± SD 115.2 ± 48.8 100.1 ± 33.6 0.108

Table 2 Comparison of blood parameters between the two 
groups after three months of treatment

Group t-
test(p-
value)

HAIC + Len-
vatinib 
group(N = 39)

TACE 
group(N = 43)

Post-treatment 
bilirubin(µmol/L)

Mean ± SD 18.15 ± 7.38 19.26 ± 9.29 0.549

Post-treatment 
ALT(U/L)

Mean ± SD 57.2 ± 30.2 65.1 ± 32.6 0.261

Post-treatment 
AST(U/L)

Mean ± SD 61.2 ± 32.4 55.5 ± 34.8 0.449

Post-Treatment 
WBC(G/L)

Mean ± SD 3.24 ± 1.36 3.33 ± 1.25 0.729

Post-Treatment 
RBC(T/L)

Mean ± SD 3.72 ± 0.71 3.68 ± 0.77 0.835

Post-Treatment 
PLT(G/L)

Mean ± SD 71.7 ± 26.6 83.5 ± 25.5 0.043
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is associated with a high burden of AEs-notably abdomi-
nal pain (51.2%), fever (32.6%), and vomiting (30.2%) in 
our cohort-that pose significant tolerability challenges 
for elderly patients [40–41]. H-F Hu et al. [42] reported 
on 5,436 HCC patients treated with TACE at 48 medical 
centers, noting that the common complications related 
to TACE treatment were nausea (25.77%), fever (31.53%), 
vomiting (20.99%), and hepatic pain (40.67%).

This study investigates the therapeutic potential of 
HAIC combined with lenvatinib for managing unresect-
able HCC in this vulnerable population. Hepatocellu-
lar carcinoma exhibits a unique hemotropism favoring 

Table 3 Tumor response evaluation between the two groups
Group Chi-Square Tests(p-value)
HAIC + Lenvatinib group(N = 39) TACE group(N = 43) Pearson Chi-Square Fisher’s Exact Test

Tumor response CR n (%) 9 (23.1%) 2 (4.7%) 0.027
PR n (%) 15 (38.5%) 14 (32.5%)
SD n (%) 8 (20.5%) 9 (20.9%)
PD n (%) 7 (17.9%) 18 (41.9%)

ORR n (%) 24 (61.5%) 16 (37.2%) 0.046
DCR n (%) 32 (82.1%) 25 (58.1%) 0.030

Table 4 Comparison of OS and PFS between the two groups
Gruop Median(months) 95% Confidence 

Interval
Log Rank 
(Mantel-
Cox) 
(p-value)

Lower 
Bound

Upper 
Bound

PFS HAIC + Len-
vatinib 
group

9.2 7.8 10.7 < 0.001

TACE group 4.6 4.0 5.4
OS HAIC + Len-

vatinib 
group

18.1 15.0 21.1 < 0.001

TACE group 10.6 8.7 12.5

Fig. 2 Progression-free survival time in the two groups. mPFS: RALOX-HAIC + Lenvatinib group, 9.2 months (95%CI 7.8–10.7 months); TACE group, 4.6 
months (95%CI 4.0-5.4 months)
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hepatic arterial perfusion, enabling HAIC to deliver high-
concentration chemotherapeutics directly into tumor 
parenchyma through selective arterial infusion [43]. This 
locoregional approach achieves suprapharmacologi-
cal drug exposure with minimal systemic distribution, 
thereby enhancing antitumor efficacy while mitigating 
chemotherapy-related toxicities—a critical consider-
ation in geriatric oncology. Emerging evidence supports 
HAIC’s role in uHCC management, demonstrating both 
clinical effectiveness and favorable safety profiles [43]. 

In a recent head-to-head comparison by Ji Hoon Kim 
et al. [44], 193 HAIC-treated patients exhibited compa-
rable overall survival (OS) and progression-free survival 
(PFS) parameters to 114 patients receiving atezolizumab/
bevacizumab combination therapy (p > 0.05). Simi-
larly, Jaejun Lee et al.‘s propensity score-matched analy-
sis [45] revealed no significant differences in mPFS (3.6 
vs. 4.0 months; p = 0.706) or mOS (10.8 vs. 7.9 months; 
p = 0.106) between HAIC and lenvatinib monotherapy. 
Notably, the HAIC group demonstrated superior liver 

Table 5 Incidence of post-treatment adverse events in both groups
Group Chi-Square 

Tests(p-value)Adverse events HAIC + Lenvatinib group(N = 39) TACE group(N = 43)
All grades, n (%) Grade ≥ 3, n (%) All grades, n (%) Grade ≥ 3, n (%) All grades Grade ≥ 3

Abdominal pain 8 (20.5%) 2 (5.1%) 22 (51.2%) 10 (23.3%) 0.006 0.028
Fever 3 (7.7%) 0 (0.0%) 14 (32.6%) 8 (18.6%) 0.006 0.006
Vomiting 7 (17.9%) 2 (5.1%) 13 (30.2%) 5 (11.6%) 0.212 0.436
Elevated blood pressure 9 (23.1%) 3 (7.7%) 3 (7.0%) 1 (2.3%) 0.059 0.342
Diarrhea 3 (7.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0.103 N/A
Hand-foot syndrome 6 (15.4%) 1 (2.6%) 0 (0.0%) 0 (0.0%) 0.009 0.476
Fatigue 5 (12.8%) 1 (2.6%) 4 (9.3%) 1 (2.3%) 0.730 1.000
Anorexia 4 (10.3%) 1 (2.6%) 6 (14.0%) 0 (0.0%) 0.741 0.476

Fig. 3 Overall survival of patients in two groups. mOS: RALOX-HAIC + Lenvatinib group, 18.1 months (95%CI 15.0-21.1 months); TACE group, 10.6 months 
(95%CI 8.7–12.5 months)
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functional preservation at best response evaluation, sug-
gesting potential advantages in maintaining treatment 
tolerance for elderly patients.The conventional HAIC 
protocol traditionally employs the FOLFOX regimen, 
which necessitates a 48-hour continuous infusion of 
5-fluorouracil (5-FU) due to its time-dependent cyto-
toxic kinetics. However, this prolonged procedural dura-
tion poses significant compliance challenges in geriatric 
populations, frequently compromising treatment adher-
ence. In this study, we implemented a RALOX (oxalipla-
tin + raltitrexed)-based HAIC protocol to address these 
limitations. Raltitrexed, a folate analog antimetabolite 
with specificity for thymidylate synthase (TS), induces 
DNA strand breaks and apoptosis through irreversible 
enzyme inhibition. Unlike 5-FU, raltitrexed undergoes 
cellular uptake via the reduced folate carrier (RFC1) 
and subsequent polyglutamation by folylpolyglutamate 
synthetase (FPGS). This metabolic activation process 
results in significantly enhanced TS inhibition potency 
and prolonged enzymatic suppression duration, thereby 
augmenting its antineoplastic activity. The extended 
plasma half-life of raltitrexed (198 h) compared to 5-FU 
(approximately 20 min) allows for a substantially abbre-
viated infusion duration (3  h) in our RALOX-HAIC 
protocol. This pharmacokinetic advantage enables us to 
maintain therapeutic drug exposure levels while over-
coming the compliance barriers associated with tra-
ditional FOLFOX-based regimens. Importantly, this 
modified dosing schedule preserves comparable antitu-
mor efficacy with enhanced patient comfort and mobility, 
making it particularly suitable for elderly patients with 
limited procedural tolerance. Mengya Zang et al. [46] 
reported on 82 patients with uHCC who received HAIC 
treatment; 40 patients received FOLFOX-HAIC, and 42 
patients received RALOX-HAIC. The two groups showed 
no significant differences in ORR and DCR (41.5% vs. 
41.5%, 87.5% vs. 85.5%), with similar mPFS and mOS 
(10.7 months vs. 10.2 months, P = 0.41; 20.3 months vs. 
17.7 months, P = 0.50). Our results are consistent with the 
multicenter phase II trial by Shiguang Chen et al., which 
showed that RALOX-HAIC achieved a median OS of 
22.5 months in patients with PVTT [47]. The combina-
tion of HAIC and lenvatinib may synergistically enhance 
antitumor activity through vascular normalization and 
targeted inhibition of the RAF-MEK-ERK pathway.

While HAIC demonstrates moderate efficacy in uHCC, 
its standalone application shows limited treatment depth. 
Yangyang Li et al. [48] demonstrated superior survival 
outcomes in 453 patients receiving HAIC + PD-1 inhibi-
tors versus 221 HAIC monotherapy recipients, with sig-
nificantly prolonged mPFS and mOS. Combinatorial 
approaches gained further support through Yin Long et 
al.‘s [49] meta-analysis showing HAIC-sorafenib com-
bination therapy improved OS (HR 0.56, P < 0.01), PFS 

(HR 0.44, P < 0.01), and ORR (RR 3.77, P < 0.01) com-
pared to sorafenib alone in advanced HCC. Building 
on these findings, our study employed RALOX-HAIC 
combined with lenvatinib. HAIC delivers high-dose 
chemotherapy directly to the hepatic artery, inducing 
tumor necrosis and hypoxia. This upregulates hypoxia-
inducible factor-1α (HIF-1α), which stimulates angio-
genesis via VEGF secretion. Lenvatinib, a multi-kinase 
inhibitor targeting VEGFR1-3, PDGFRα, and FGFR1-4, 
blocks this compensatory angiogenesis, thereby ampli-
fying tumor ischemia and chemosensitivity. Our analy-
sis revealed marked survival benefits: HAIC + lenvatinib 
group achieved significantly longer mPFS (9.2 vs. 4.6 
months, P < 0.001, Fig. 2) and mOS (18.1 vs. 10.6 months, 
P < 0.001, Fig.  3) compared to TACE. Consistent with 
our results, Masafumi Ikeda et al. [50] reported 64.7% 
ORR (mRECIST) with HAIC + lenvatinib, while De-Di 
Wu et al. [51] associated early hepatic artery contrac-
tion with improved short-term outcomes in 67 patients.
The common AEs of lenvatinib treatment include hyper-
tension, hand-foot syndrome, fatigue, diarrhea, etc [52]. 
Although most studies have reported that the majority of 
patients can tolerate the AEs associated with lenvatinib, 
the efficacy and safety of lenvatinib in elderly patients 
require further clinical validation [53]. Therefore, this 
study aimed to explore the use of HAIC combined with 
lenvatinib in elderly patients with uHCC. In our study, 6 
patients (15.4%) in the HAIC + Lenvatinib group experi-
enced hand-foot syndrome. One of these cases was grade 
3, and after adjusting the lenvatinib dose to 4 mg/day, the 
symptoms significantly improved. Additionally, 9 patients 
(23.1%) in the HAIC + Lenvatinib group experienced 
hypertension after treatment, requiring the initiation or 
adjustment of antihypertensive medications for blood 
pressure control. Although the incidence was higher than 
in the TACE group (7.0%), the difference between the two 
groups was not statistically significant (p = 0.059). Nota-
bly, the HAIC + Lenvatinib combination demonstrated 
a favorable safety profile with no severe cardiovascular 
or cerebrovascular events observed. After three months 
of treatment, thrombocytopenia emerged as the most 
common hematologic AE in this group (71.7 ± 26.6 G/L), 
though remained within safe thresholds without bleed-
ing complications. Comparative analysis revealed sig-
nificantly lower platelet levels in the HAIC + Lenvatinib 
group versus TACE (p = 0.043).ZhiCheng Lai et al. [54] 
reported on 36 patients receiving lenvatinib, toripalimab, 
and HAIC, where the most common AEs were throm-
bocytopenia, elevated AST, and hypertension. Similarly, 
Baojiang Liu et al. [55] documented comparable AE pro-
files in RALOX-HAIC post-TACE patients, with accept-
able tolerability. In our cohort, the HAIC + Lenvatinib 
group exhibited significantly lower incidences of pain 
(20.5%, p = 0.006) and fever (7.7%, p = 0.006) compared to 
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TACE, while nausea/vomiting rates remained non-signif-
icantly different (p = 0.212). No differences were observed 
for diarrhea, fatigue, or anorexia between groups 
(p > 0.05). These results contribute to the growing body 
of evidence suggesting HAIC-based regimens may offer 
superior safety profiles in elderly uHCC patients, as sup-
ported by Shun-Yu Kong et al.‘s [56] meta-analysis dem-
onstrating lower AE incidence in HAIC versus TACE.

This retrospective, single-center study has several limi-
tations: (1) Selection bias: Patients were treated at a single 
high-volume center, which may not reflect real-world set-
tings. (2) Missing data: Imputation methods could intro-
duce residual biases. (3) Short follow-up duration: The 
median follow-up was 18 months, insufficient to capture 
long-term toxicities. (4) Future directions: Multicenter, 
randomized trials are needed to validate our findings and 
explore the combination’s role in  first-line therapy.

Conclusion
In elderly patients with uHCC, the RALOX-HAIC com-
bined with lenvatinib group demonstrated higher ORR 
and DCR, as well as longer mPFS and mOS, compared 
to the TACE group. The RALOX-HAIC combined with 
lenvatinib group did not experience any severe treat-
ment-related AEs, and the incidences of abdominal pain, 
fever, and vomiting were lower than in the TACE group, 
indicating better patient tolerance and compliance. In 
summary, this study demonstrates that RALOX-HAIC 
combined with lenvatinib provides superior survival 
outcomes and tolerability compared to TACE alone  in 
elderly patients (≥ 70 years) with unresectable HCC., and 
this combination therapy may represent a feasible and 
safe option for improving the prognosis of these patients.

Acknowledgements
We Thank Pro. Fan Yang for her help in manuscript revising. Thank Dr. Huimin 
Liang for his help in data collection. Thanks to Dr. Xin Li for his help in 
reference.

Author contributions
Haohao Lu and Qing Fu contributed to the conception and design of the 
work, the acquisition, analysis of data, as well as manuscript writing. Ya 
Gao contributed to the design of the work. Dongqiao Xiang contributed 
to the acquisition, analysis of data. Xiangwen Xia contributed to analysis, 
interpretation of data, and manuscript writing.

Funding
No funding is provided in this study.

Data availability
The datasets used during the current study are available from the 
corresponding author upon request.

Declarations

Ethics approval and consent to participate
The medical ethics committee at Union Hospital, Tongji Medical College, 
Huazhong University of science and technology, Wuhan, Hubei Province 
approved the retrospective study(Approval No.S20240143). The requirement 
for informed consent was waived by the Ethics Committee of Union Hospital, 

Tongji Medical College, Huazhong University of science and technology 
due to the retrospective nature of the study. During follow-up, we informed 
patients about the study and they agreed to use their data. We confirmed that 
all methods were performed in accordance with the relevant guidelines and 
Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Radiology, Union Hospital, Tongji Medical College, 
Huazhong University of Science and Technology, Wuhan 430022, China
2Hubei Province Key Laboratory of Molecular Imaging, Wuhan  
430022, China
3Department of Gastroenterology, Liyuan Hospital, Tongji Medical 
College, Huazhong University of Science and Technology, Wuhan  
430077, China
4Hubei Provincial Clinical Research Center for Precision Radiology & 
Interventional Medicine, Wuhan 430022, China

Received: 26 March 2025 / Accepted: 5 May 2025

References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray 

F, Global Cancer S. 2020: GLOBOCAN Estimates of Incidence and Mortality 
Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin. 2021;71(3):209–
249. doi: 10.3322/caac.21660. Epub 2021 Feb 4. PMID: 33538338.

2. Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram I, Jemal 
A. Global cancer statistics 2022: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2024 
May-Jun;74(3):229–263. doi: 10.3322/caac.21834. Epub 2024 Apr 4. PMID: 
38572751.

3. Forner A, Reig ME, de Lope CR, Bruix J. Current strategy for staging and treat-
ment: the BCLC update and future prospects. Semin Liver Dis. 2010;30(1):61–
74.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 5 5  / s  - 0 0 3 0 - 1 2 4 7 1 3 3. Epub 2010 Feb 19. PMID: 
20175034.

4. Lo CM, Ngan H, Tso WK, Liu CL, Lam CM, Poon RT, Fan ST, Wong J. Random-
ized controlled trial of transarterial lipiodol chemoembolization for unresect-
able hepatocellular carcinoma. Hepatology. 2002;35(5):1164-71.  h t t p  s : /  / d o i  . o  r 
g /  1 0 .  1 0 5 3  / j  h e p . 2 0 0 2 . 3 3 1 5 6. PMID: 11981766.

5. Malagari K, Pomoni M, Moschouris H, Bouma E, Koskinas J, Stefaniotou A, 
Marinis A, Kelekis A, Alexopoulou E, Chatziioannou A, Chatzimichael K, Doura-
kis S, Kelekis N, Rizos S, Kelekis D. Chemoembolization with doxorubicin-
eluting beads for unresectable hepatocellular carcinoma: five-year survival 
analysis. Cardiovasc Intervent Radiol. 2012;35(5):1119–28.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 
0 0 7  / s  0 0 2 7 0 - 0 1 2 - 0 3 9 4 - 0. Epub 2012 May 22. PMID: 22614031.

6. Liu S, Liu KC, Lv WF, Lu D, Zhu XH, Jiang B, Tan YL, Wang GX. The efficacy 
and prognostic factors of the combination of TACE and apatinib for the 
treatment of BCLC stage C hepatocellular carcinoma. Front Med (Lausanne). 
2021;8:774345.  h t t p  s : /  / d o i  . o  r g /  1 0 .  3 3 8 9  / f  m e d . 2 0 2 1 . 7 7 4 3 4 5. PMID: 34970563; 
PMCID: PMC8713136.

7. Ju S, Wang W, Chen P, Li F, Li H, Wang M, Han X, Ren J, Duan X. Drug-eluting 
bead transarterial chemoembolization followed by apatinib is effective and 
safe in treating hepatocellular carcinoma patients with BCLC stage C. Clin Res 
Hepatol Gastroenterol. 2022;46(3):101859. Epub 2022 Jan 7. PMID: 34999249.

8. Marcacuzco Quinto A, Nutu OA, San Román Manso R, Justo Alonso I, 
Calvo Pulido J, Manrique Municio A, García-Sesma Á, Loinaz Segurola C, 
Martínez Caballero J, Jiménez Romero LC. Complications of transarterial 
chemoembolization (TACE) in the treatment of liver tumors. Cir Esp (Engl 
Ed). 2018;96(9):560–7.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . c i  r e s  p . 2 0  1 8  . 0 6 . 0 0 4. English, 
Spanish.

9. Tu J, Jia Z, Ying X, Zhang D, Li S, Tian F, Jiang G. The incidence and outcome 
of major complication following conventional TAE/TACE for hepatocellular 
carcinoma. Med (Baltim). 2016;95(49):e5606.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 9 7  / M  D . 0  0 0 
0  0 0 0 0  0 0  0 0 5 6 0 6. PMID: 27930585; PMCID: PMC5266057.

https://doi.org/10.1055/s-0030-1247133
https://doi.org/10.1053/jhep.2002.33156
https://doi.org/10.1053/jhep.2002.33156
https://doi.org/10.1007/s00270-012-0394-0
https://doi.org/10.1007/s00270-012-0394-0
https://doi.org/10.3389/fmed.2021.774345
https://doi.org/10.1016/j.ciresp.2018.06.004
https://doi.org/10.1097/MD.0000000000005606
https://doi.org/10.1097/MD.0000000000005606


Page 10 of 11Lu et al. BMC Cancer          (2025) 25:882 

10. Xie DY, Zhu K, Ren ZG, Zhou J, Fan J, Gao Q. A review of 2022 Chinese clinical 
guidelines on the management of hepatocellular carcinoma: updates and 
insights. Hepatobiliary Surg Nutr. 2023;12(2):216–28.  h t t p  s : /  / d o i  . o  r g /  1 0 .  2 1 0 3  7 
/  h b s n - 2 2 - 4 6 9. Epub 2023 Mar 2. PMID: 37124695; PMCID: PMC10129899.

11. Li QJ, He MK, Chen HW, Fang WQ, Zhou YM, Xu L, Wei W, Zhang YJ, Guo Y, Guo 
RP, Chen MS, Shi M. Hepatic arterial infusion of oxaliplatin, fluorouracil, and 
leucovorin versus transarterial chemoembolization for large hepatocellular 
carcinoma: A randomized phase III trial. J Clin Oncol. 2022;40(2):150–60. Epub 
2021 Oct 14. PMID: 34648352.

12. Pan Y, Yuan Z, Wang J, Ngai S, Hu Z, Sun L, Yang Z, Hu D, Chen M, Zhou 
Z, Zhang Y. Survival benefit and impact of adjuvant therapies following 
FOLFOX-HAIC-based conversion therapy with unresectable hepatocel-
lular carcinoma: a retrospective cohort study. J Cancer Res Clin Oncol. 
2023;149(16):14761–74.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 0 7  / s  0 0 4 3 2 - 0 2 3 - 0 5 2 4 3 - 7. Epub 
2023 Aug 17. PMID: 37589925.

13. Huang Y, Zhang L, He M, Lai Z, Bu X, Wen D, Li Q, Xu L, Wei W, Zhang Y, 
Zhou Z, Chen M, Guo R, Shi M, Kan A. Hepatic arterial infusion of oxali-
platin, fluorouracil, and leucovorin versus Sorafenib for hepatocellular 
carcinoma refractory to transarterial chemoembolization: retrospective 
subgroup analysis of 2 prospective trials. Technol Cancer Res Treat. 2022 Jan-
Dec;21:15330338221117389.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 7 7  / 1  5 3 3 0 3 3 8 2 2 1 1 1 7 3 8 9. 
PMID: 36529949; PMCID: PMC9772936.

14. Lyu N, Wang X, Li JB, Lai JF, Chen QF, Li SL, Deng HJ, He M, Mu LW, Zhao M. 
Arterial chemotherapy of oxaliplatin plus fluorouracil versus Sorafenib in 
advanced hepatocellular carcinoma: A biomolecular exploratory, random-
ized, phase III trial (FOHAIC-1). J Clin Oncol. 2022;40(5):468–80. Epub 2021 
Dec 14. PMID: 34905388.

15. Lyu N, Kong Y, Mu L, Lin Y, Li J, Liu Y, Zhang Z, Zheng L, Deng H, Li S, Xie Q, 
Guo R, Shi M, Xu L, Cai X, Wu P, Zhao M. Hepatic arterial infusion of oxaliplatin 
plus fluorouracil/leucovorin vs. sorafenib for advanced hepatocellular carci-
noma. J Hepatol. 2018;69(1):60–9. Epub 2018 Feb 20. PMID: 29471013.

16. Liu J, Zhang J, Wang Y, Shu G, Lou C, Du Z. HAIC versus TACE for patients with 
unresectable hepatocellular carcinoma: A systematic review and meta-analy-
sis. Med (Baltim). 2022;101(51):e32390.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 9 7  / M  D . 0  0 0 0  0 0 0 0  
0 0  0 3 2 3 9 0. PMID: 36595819; PMCID: PMC9794325.

17. Lai Z, Huang Y, Wen D, Lin X, Kan A, Li Q, Wei W, Chen M, Xu L, He M, Shi M. 
One day versus two days of hepatic arterial infusion with oxaliplatin and 
fluorouracil for patients with unresectable hepatocellular carcinoma. BMC 
Med. 2022;20(1):415.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 8 6  / s  1 2 9 1 6 - 0 2 2 - 0 2 6 0 8 - 6. PMID: 
36310160; PMCID: PMC9620590.

18. Wilson KS, Malfair Taylor SC. Raltitrexed: optimism and reality. Expert Opin 
Drug Metab Toxicol. 2009;5(11):1447-54.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 5 1 7  / 1  7 4 2 5 2 5 0 9 0 
3 3 0 7 4 5 5. PMID: 19863453.

19. Surmont VF, van Meerbeeck JP. Raltitrexed in mesothelioma. Expert Rev Anti-
cancer Ther. 2011;11(10):1481-90.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 5 8 6  / e  r a . 1 1 . 1 3 6. PMID: 
21999120.

20. Clarke SJ, Beale PJ, Rivory LP. Clinical and preclinical pharmacokinetics of 
raltitrexed. Clin Pharmacokinet. 2000;39(6):429– 43.  h t t p  s : /  / d o i  . o  r g /  1 0 .  2 1 6 5  / 0  
0 0 0  3 0 8  8 - 2 0  0 0  3 9 0 6 0 - 0 0 0 0 4. PMID: 11192475.

21. Blair EY, Rivory LP, Clarke SJ, McLachlan AJ. Population pharmacokinetics 
of raltitrexed in patients with advanced solid tumours. Br J Clin Pharmacol. 
2004;57(4):416–26.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 1 1  / j  . 1 3  6 5 -  2 1 2 5  . 2  0 0 3 . 0 2 0 5 0 . x. PMID: 
15025739; PMCID: PMC1884470.

22. Chen S, Yuan B, Yu W, Wang X, He C, Chen C. Comparison of Arterial Infusion 
Chemotherapy and Chemoembolization for Locally Advanced Hepatocel-
lular Carcinoma: a Multicenter Retrospective Study. J Gastrointest Surg. 
2022;26(11):2292–2300.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 0 7  / s  1 1 6 0 5 - 0 2 2 - 0 5 4 2 1 - x. Epub 
2022 Aug 3. PMID: 35920966.

23. Forner A, Reig M, Bruix J. Hepatocellular carcinoma. Lancet. 
2018;391(10127):1301–1314. doi: 10.1016/S0140-6736(18)30010-2. Epub 2018 
Jan 5. PMID: 29307467.

24. Su TH, Wu CH, Liu TH, Ho CM, Liu CJ. Clinical practice guidelines and real-life 
practice in hepatocellular carcinoma: A Taiwan perspective. Clin Mol Hepatol. 
2023;29(2):230–41.  h t t p  s : /  / d o i  . o  r g /  1 0 .  3 3 5 0  / c  m h . 2 0 2 2 . 0 4 2 1. Epub 2023 Jan 
30. PMID: 36710607; PMCID: PMC10121301.

25. Vogel A, Cervantes A, Chau I, Daniele B, Llovet JM, Meyer T, Nault JC, 
Neumann U, Ricke J, Sangro B, Schirmacher P, Verslype C, Zech CJ, Arnold 
D, Martinelli E, ESMO Guidelines Committee. Hepatocellular carcinoma: 
ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. 
Ann Oncol. 2018;29(Suppl 4):iv238-iv255.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 9 3  / a  n n o n c / 
m d y 3 0 8. Erratum in: Ann Oncol. 2019;30(5):871–873. Erratum in: Ann Oncol. 
2022;33(6):666. PMID: 30285213.

26. Kudo M, Finn RS, Qin S, Han KH, Ikeda K, Piscaglia F, Baron A, Park JW, Han G, 
Jassem J, Blanc JF, Vogel A, Komov D, Evans TRJ, Lopez C, Dutcus C, Guo M, 
Saito K, Kraljevic S, Tamai T, Ren M, Cheng AL. Lenvatinib versus sorafenib in 
first-line treatment of patients with unresectable hepatocellular carcinoma: a 
randomised phase 3 non-inferiority trial. Lancet. 2018;391(10126):1163–1173.  
h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / S  0 1 4 0 - 6 7 3 6 ( 1 8 ) 3 0 2 0 7 - 1. PMID: 29433850.

27. Peng Z, Fan W, Zhu B, Wang G, Sun J, Xiao C, Huang F, Tang R, Cheng Y, 
Huang Z, Liang Y, Fan H, Qiao L, Li F, Zhuang W, Peng B, Wang J, Li J, Kuang 
M. Lenvatinib combined with transarterial chemoembolization as First-Line 
treatment for advanced hepatocellular carcinoma: A phase III, randomized 
clinical trial (LAUNCH). J Clin Oncol. 2023;41(1):117–27. Epub 2022 Aug 3. 
PMID: 35921605.

28. Yamashita T, Kudo M, Ikeda K, Izumi N, Tateishi R, Ikeda M, Aikata H, Kawagu-
chi Y, Wada Y, Numata K, Inaba Y, Kuromatsu R, Kobayashi M, Okusaka T, Tamai 
T, Kitamura C, Saito K, Haruna K, Okita K, Kumada H. REFLECT-a phase 3 trial 
comparing efficacy and safety of lenvatinib to Sorafenib for the treatment 
of unresectable hepatocellular carcinoma: an analysis of Japanese subset. J 
Gastroenterol. 2020;55(1):113–22.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 0 7  / s  0 0 5 3 5 - 0 1 9 - 0 1 6 4 
2 - 1. Epub 2019 Nov 12. PMID: 31720835; PMCID: PMC6942573.

29. Erkan B, Meier J, Clark TJ, Kaplan J, Lambert JR, Chang S. Non-invasive 
diagnostic criteria of hepatocellular carcinoma: comparison of diag-
nostic accuracy of updated LI-RADS with clinical practice guidelines of 
OPTN-UNOS, AASLD, NCCN, EASL-EORTC, and KLSCG-NCC. PLoS ONE. 
2019;14(12):e0226291.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 3 7 1  / j  o u r  n a l  . p o n  e .  0 2 2 6 2 9 1. PMID: 
31821360; PMCID: PMC6903758.

30. Shen L, Xi M, Zhao L, Zhang X, Wang X, Huang Z, Chen Q, Zhang T, Shen J, Liu 
M, Huang J. Combination therapy after TACE for hepatocellular carcinoma 
with macroscopic vascular invasion: stereotactic body radiotherapy versus 
Sorafenib. Cancers (Basel). 2018;10(12):516.  h t t p  s : /  / d o i  . o  r g /  1 0 .  3 3 9 0  / c  a n c e r s 1 0 
1 2 0 5 1 6. PMID: 30558224; PMCID: PMC6315557.

31. Zheng K, Zhu X, Fu S, Cao G, Li WQ, Xu L, Chen H, Wu D, Yang R, Wang K, 
Liu W, Wang H, Bao Q, Liu M, Hao C, Shen L, Xing B, Wang X. Sorafenib plus 
hepatic arterial infusion chemotherapy versus Sorafenib for hepatocellular 
carcinoma with major portal vein tumor thrombosis: A randomized trial. 
Radiology. 2022;303(2):455–64.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 4 8  / r  a d i o l . 2 1 1 5 4 5. Epub 
2022 Feb 1. PMID: 35103539.

32. Choi MH, Park GE, Oh SN, Park MY, Rha SE, Lee YJ, Jung SE, Choi JI. Reproduc-
ibility of mRECIST in measurement and response assessment for hepatocel-
lular carcinoma treated by transarterial chemoembolization. Acad Radiol. 
2018;25(11):1363–73. Epub 2018 Mar 16. PMID: 29555570.

33. Freites-Martinez A, Santana N, Arias-Santiago S, Viera A. Using the Common 
Terminology Criteria for Adverse Events (CTCAE - Version 5.0) to Evaluate the 
Severity of Adverse Events of Anticancer Therapies. Actas Dermosifiliogr (Engl 
Ed). 2021;112(1):90–92. English, Spanish.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . a d . 2 0 1 9 . 0 5 . 
0 0 9. Epub 2020 Sep 3. PMID: 32891586.

34. Yang JD, Hainaut P, Gores GJ, Amadou A, Plymoth A, Roberts LR. A global 
view of hepatocellular carcinoma: trends, risk, prevention and manage-
ment. Nat Rev Gastroenterol Hepatol. 2019;16(10):589–604.  h t t p  s : /  / d o i  . o  r g 
/  1 0 .  1 0 3 8  / s  4 1 5 7 5 - 0 1 9 - 0 1 8 6 - y. Epub 2019 Aug 22. PMID: 31439937; PMCID: 
PMC6813818.

35. Kinoshita A, Koike K, Nishino H. Clinical features and prognosis of elderly 
patients with hepatocellular carcinoma not indicated for surgical resection. 
Geriatr Gerontol Int. 2017;17(2):189–201.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 1 1  / g  g i . 1 2 7 4 7. 
Epub 2016 Feb 5. PMID: 26847184.

36. Cho E, Cho HA, Jun CH, Kim HJ, Cho SB, Choi SK. A review of hepatocellular 
carcinoma in elderly patients focused on management and outcomes. In 
Vivo 2019 Sep-Oct;33(5):1411–20.  h t t p  s : /  / d o i  . o  r g /  1 0 .  2 1 8 7  3 /  i n v i v o . 1 1 6 1 8. 
PMID: 31471386; PMCID: PMC6755010.

37. Guo H, Wu T, Lu Q, Dong J, Ren YF, Nan KJ, Lv Y, Zhang XF. Hepatocellular 
carcinoma in elderly: clinical characteristics, treatments and outcomes com-
pared with younger adults. PLoS ONE. 2017;12(9):e0184160.  h t t p  s : /  / d o i  . o  r g /  1 
0 .  1 3 7 1  / j  o u r  n a l  . p o n  e .  0 1 8 4 1 6 0. PMID: 28886106; PMCID: PMC5590882.

38. Lu H, Zheng C, Liang B, Xia X. Analysis of the Efficacy and Safety of Palo-
nosetron Hydrochloride in Preventing Nausea And Vomiting After TACE: A 
Retrospective Analysis. Curr Radiopharm. 2024;17(1):46–54.  h t t p  s : /  / d o i  . o  r g /  1 0 
.  2 1 7 4  / 0  1 1 8  7 4 4  7 1 0 2  6 1  1 8 6 2 3 1 0 2 6 0 6 2 2 5 7. PMID: 38037910.

39. Cohen MJ, Bloom AI, Barak O, Klimov A, Nesher T, Shouval D, Levi I, Shi-
bolet O. Trans-arterial chemo-embolization is safe and effective for very 
elderly patients with hepatocellular carcinoma. World J Gastroenterol. 
2013;19(16):2521–8.  h t t p  s : /  / d o i  . o  r g /  1 0 .  3 7 4 8  / w  j g . v 1 9 . i 1 6 . 2 5 2 1. PMID: 
23674854; PMCID: PMC3646143.

https://doi.org/10.21037/hbsn-22-469
https://doi.org/10.21037/hbsn-22-469
https://doi.org/10.1007/s00432-023-05243-7
https://doi.org/10.1177/15330338221117389
https://doi.org/10.1097/MD.0000000000032390
https://doi.org/10.1097/MD.0000000000032390
https://doi.org/10.1186/s12916-022-02608-6
https://doi.org/10.1517/17425250903307455
https://doi.org/10.1517/17425250903307455
https://doi.org/10.1586/era.11.136
https://doi.org/10.2165/00003088-200039060-00004
https://doi.org/10.2165/00003088-200039060-00004
https://doi.org/10.1111/j.1365-2125.2003.02050.x
https://doi.org/10.1007/s11605-022-05421-x
https://doi.org/10.3350/cmh.2022.0421
https://doi.org/10.1093/annonc/mdy308
https://doi.org/10.1093/annonc/mdy308
https://doi.org/10.1016/S0140-6736(18)30207-1
https://doi.org/10.1016/S0140-6736(18)30207-1
https://doi.org/10.1007/s00535-019-01642-1
https://doi.org/10.1007/s00535-019-01642-1
https://doi.org/10.1371/journal.pone.0226291
https://doi.org/10.3390/cancers10120516
https://doi.org/10.3390/cancers10120516
https://doi.org/10.1148/radiol.211545
https://doi.org/10.1016/j.ad.2019.05.009
https://doi.org/10.1016/j.ad.2019.05.009
https://doi.org/10.1038/s41575-019-0186-y
https://doi.org/10.1038/s41575-019-0186-y
https://doi.org/10.1111/ggi.12747
https://doi.org/10.21873/invivo.11618
https://doi.org/10.1371/journal.pone.0184160
https://doi.org/10.1371/journal.pone.0184160
https://doi.org/10.2174/0118744710261186231026062257
https://doi.org/10.2174/0118744710261186231026062257
https://doi.org/10.3748/wjg.v19.i16.2521


Page 11 of 11Lu et al. BMC Cancer          (2025) 25:882 

40. Cocca S, Carloni L, Marocchi M, Grande G, Bianchini M, Colecchia A, Coni-
gliaro R, Bertani H. Post-trans-arterial chemoembolization hepatic necrosis 
and biliary stenosis: clinical charateristics and endoscopic approach. World J 
Clin Cases. 2023;11(36):8434–9.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 2 9 9  8 /  w j c c . v 1 1 . i 3 6 . 8 4 3 4. 
PMID: 38188216; PMCID: PMC10768501.

41. Lu H, Zheng C, Liang B, Xiong B. Efficacy and safety analysis of dexametha-
sone-lipiodol emulsion in prevention of post-embolization syndrome after 
TACE: a retrospective analysis. BMC Gastroenterol. 2021;21(1):256.  h t t p  s : /  / d o i  . 
o  r g /  1 0 .  1 1 8 6  / s  1 2 8 7 6 - 0 2 1 - 0 1 8 3 9 - w. PMID: 34116638; PMCID: PMC8196541.

42. Hu HF, Sang YF. A real-world study of Chinese hepatocellular carcinoma 
patients treated with TACE. Eur Rev Med Pharmacol Sci. 2022;26(9):3091–
3099.  h t t p  s : /  / d o i  . o  r g /  1 0 .  2 6 3 5  5 /  e u r  r e v  _ 2 0 2  2 0  5 _ 2 8 7 2 6. PMID: 35587059.

43. Li M, Zhang K, He J, Zhang W, Lv T, Wang L, Xing W, Yu H. Hepatic arterial 
infusion chemotherapy in hepatocellular carcinoma: A bibliometric and 
knowledge-map analysis. Front Oncol. 2023;12:1071860.  h t t p  s : /  / d o i  . o  r g /  1 0 .  3 
3 8 9  / f  o n c . 2 0 2 2 . 1 0 7 1 8 6 0. PMID: 36686799; PMCID: PMC9846108.

44. Kim JH, Nam HC, Kim CW, Cho HS, Yoo JS, Han JW, Jang JW, Choi JY, Yoon SK, 
Yang H, Bae SH, Kim S, Oh JS, Chun HJ, Jeon CH, Ahn J, Sung PS. Compara-
tive analysis of Atezolizumab plus bevacizumab and hepatic artery infusion 
chemotherapy in unresectable hepatocellular carcinoma: A multicenter, 
propensity score study. Cancers (Basel). 2023;15(17):4233.  h t t p  s : /  / d o i  . o  r g /  1 0 .  3 
3 9 0  / c  a n c e r s 1 5 1 7 4 2 3 3. PMID: 37686509; PMCID: PMC10487133.

45. Lee J, Han JW, Sung PS, Lee SK, Yang H, Nam HC, Yoo SH, Lee HL, Kim HY, 
Lee SW, Kwon JH, Jang JW, Kim CW, Nam SW, Oh JS, Chun HJ, Bae SH, Choi 
JY, Yoon SK. Comparative analysis of lenvatinib and hepatic arterial infusion 
chemotherapy in unresectable hepatocellular carcinoma: A Multi-Center, 
propensity score study. J Clin Med. 2021;10(18):4045.  h t t p  s : /  / d o i  . o  r g /  1 0 .  3 3 9 0  / 
j  c m 1 0 1 8 4 0 4 5. PMID: 34575160; PMCID: PMC8464794.

46. Zang M, Hu X, Yuan G, Li R, Li W, Pang H, Li Q, Chen J. Tyrosine kinase inhibi-
tors, immune checkpoint inhibitors combined with hepatic arterial infusion 
of oxaliplatin and raltitrexed versus oxaliplatin, 5-fluorouracil and leucovorin 
for intermediate and advanced hepatocellular carcinoma: A retrospective 
study. Int Immunopharmacol. 2023;125(Pt A):111019.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  
/ j  . i n  t i m  p . 2 0  2 3  . 1 1 1 0 1 9. Epub 2023 Oct 24. PMID: 37879230.

47. Chen S, Yuan B, Yu W, Wang X, He C, Chen C. Hepatic arterial infusion oxalipla-
tin plus raltitrexed and chemoembolization in hepatocellular carcinoma with 
portal vein invasion: A propensity score-matching cohort study. J Surg Oncol. 
2022;126(7):1205–14. Epub 2022 Jul 20. PMID: 35856502.

48. Li Y, Liu W, Chen J, Chen Y, Guo J, Pang H, Zhang W, An C, Li C. Efficiency 
and safety of hepatic arterial infusion chemotherapy (HAIC) combined 
with anti-PD1 therapy versus HAIC monotherapy for advanced hepatocel-
lular carcinoma: A multicenter propensity score matching analysis. Cancer 
Med. 2024;13(1):e6836. Epub ahead of print. PMID: 38196277; PMCID: 
PMC10807563.

49. Long Y, Song X, Guan Y, Lan R, Huang Z, Li S, Zhang L. Sorafenib plus 
hepatic arterial infusion chemotherapy versus Sorafenib alone for advanced 

hepatocellular carcinoma: A systematic review and meta-analysis. J Gastro-
enterol Hepatol. 2023;38(4):486–95.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 1 1  / j  g h . 1 6 0 8 8. Epub 
2023 Jan 16. PMID: 36516040.

50. Ikeda M, Yamashita T, Ogasawara S, Kudo M, Inaba Y, Morimoto M, Tsuchiya K, 
Shimizu S, Kojima Y, Hiraoka A, Nouso K, Aikata H, Numata K, Sato T, Okusaka 
T, Furuse J. Multicenter phase II trial of lenvatinib plus hepatic Intra-Arterial 
infusion chemotherapy with cisplatin for advanced hepatocellular carcinoma: 
LEOPARD. Liver Cancer. 2023;13(2):193–202.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 5 9  / 0  0 0 5 3 1 8 
2 0. PMID: 38751550; PMCID: PMC11095614.

51. Wu DD, He XF, Tian C, Peng P, Chen CL, Liu XH, Pang HJ. Tumor-feeding artery 
diameter reduction is associated with improved short-term effect of hepatic 
arterial infusion chemotherapy plus lenvatinib treatment. World J Gastroen-
terol. 2022;28(26):3232–42.  h t t p  s : /  / d o i  . o  r g /  1 0 .  3 7 4 8  / w  j g . v 2 8 . i 2 6 . 3 2 3 2. PMID: 
36051348; PMCID: PMC9331530.

52. Zhao Y, Zhang YN, Wang KT, Chen L. Lenvatinib for hepatocellular carcinoma: 
from preclinical mechanisms to anti-cancer therapy. Biochim Biophys Acta 
Rev Cancer. 2020;1874(1):188391.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . b b  c a n  . 2 0 2  0 .  1 8 8 3 9 
1. Epub 2020 Jul 10. PMID: 32659252.

53. Kapacee ZA, McNamara MG, de Liguori Carino N, Lamarca A, Valle JW, Hubner 
RA. Systemic therapies in advanced hepatocellular carcinoma: how do older 
patients fare? Eur J Surg Oncol. 2021;47(3 Pt A):583–90. Epub 2020 Mar 27. 
PMID: 32303415.

54. Lai Z, He M, Bu X, Xu Y, Huang Y, Wen D, Li Q, Xu L, Zhang Y, Wei W, Chen M, 
Kan A, Shi M. Lenvatinib, Toripalimab plus hepatic arterial infusion chemo-
therapy in patients with high-risk advanced hepatocellular carcinoma: A 
biomolecular exploratory, phase II trial. Eur J Cancer. 2022;174:68–77. Epub 
2022 Aug 15. PMID: 35981413.

55. Liu B, Zhu X, Gao S, Guo J, Wang X, Cao G, Zhu L, Liu P, Xu H, Chen H, Zhang 
X, Liu S, Kou F. Safety and efficacy of hepatic arterial infusion chemotherapy 
with raltitrexed and oxaliplatin post-transarterial chemoembolization for 
unresectable hepatocellular carcinoma. J Interv Med. 2019;2(2):91–96.  h t t p s :   
/  / d o  i .  o r  g  /  1 0  . 1 0   1   6 / j  . j i   m e d .   2  0 1  9 . 0 7 . 0 0 6. Erratum in: J Interv Med. 2021;4(1):54–
55. doi: 10.1016/j.jimed.2021.01.002. Erratum in: J Interv Med. 2020;3(4):217. 
doi: 10.1016/j.jimed.2020.10.011. PMID: 34805879; PMCID: PMC8562277.

56. Kong SY, Song JJ, Jin YQ, Deng MJ, Yan JX. Hepatic arterial infusion chemo-
therapy versus transarterial chemoembolization for patients with unresect-
able hepatocellular carcinoma: a systematic review and meta-analysis. Acta 
Clin Belg. 2023;78(2):171–9. Epub 2022 May 19. PMID: 35587164.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.12998/wjcc.v11.i36.8434
https://doi.org/10.1186/s12876-021-01839-w
https://doi.org/10.1186/s12876-021-01839-w
https://doi.org/10.26355/eurrev_202205_28726
https://doi.org/10.3389/fonc.2022.1071860
https://doi.org/10.3389/fonc.2022.1071860
https://doi.org/10.3390/cancers15174233
https://doi.org/10.3390/cancers15174233
https://doi.org/10.3390/jcm10184045
https://doi.org/10.3390/jcm10184045
https://doi.org/10.1016/j.intimp.2023.111019
https://doi.org/10.1016/j.intimp.2023.111019
https://doi.org/10.1111/jgh.16088
https://doi.org/10.1159/000531820
https://doi.org/10.1159/000531820
https://doi.org/10.3748/wjg.v28.i26.3232
https://doi.org/10.1016/j.bbcan.2020.188391
https://doi.org/10.1016/j.bbcan.2020.188391
https://doi.org/10.1016/j.jimed.2019.07.006
https://doi.org/10.1016/j.jimed.2019.07.006

	RALOX-HAIC (raltitrexed + oxaliplatin) combined with lenvatinib improves survival and safety in elderly patients with unresectable hepatocellular carcinoma
	Abstract
	Introduction
	Materials and methods
	General information
	Methods
	TACE Procedure[30]
	HAIC Procedure[31]
	Lenvatinib treatment


	Outcome measures
	Statistical methods
	Results
	Baseline characteristics
	Post-treatment hematological parameters
	Tumor response evaluation
	Survival outcomes
	Treatment-related adverse events
	Definition

	Discussion
	Conclusion
	References


