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Background & Aims: The combination of transarterial chemoembolization (TACE), lenvatinib and PD-1 inhibitors (triple therapy)
demonstrates encouraging efficacy in patients with unresectable hepatocellular carcinoma (uHCC). But its prognostic value remains
unclear in patients with double negative des gamma carboxy prothrombin (DCP) and alpha fetoprotein (AFP) uHCC. To identify the
best candidates for this treatment, this study aimed to evaluate the prognosis of this specific population and to establish a practical
prognostic scoring model.

Methods: This multicenter retrospective study included 136 patients with double-negative DCP/AFP uHCC receiving triple therapy,
stratified into training (n=91) and validation (n=45) cohorts. Independent predictors for overall survival (OS) were identified by Cox
regression to build a scoring system. The model’s performance was validated using Kaplan-Meier curves and the area under the
receiver operating characteristic curve (AUC).

Results: In the training cohort, median OS was not reached, and median progression-free survival was 18.9 months. Additionally,
triple therapy produced a 79.1% objective response rate and a 95.6% disease control rate. Four variables (maximal tumor size > 5 cm,
absence of conversion surgery, presence of extrahepatic metastasis, and age < 55 years), were independent risk factors for prognosis
and were utilized to develop the SEA score. The SEA score effectively stratified patients into low risk (0-3 points) and high risk (4-6
points) groups, with significantly different survival outcomes in both cohorts. This model showed robust discriminative performance,
with AUCs of 0.80 in the training cohort and 0.68 in the validation cohort, and outperformed all individual prognostic factors.
Conclusion: Triple therapy demonstrates promising efficacy and an acceptable safety profile in patients with double-negative DCP/
AFP uHCC. The SEA score effectively stratifies patient outcomes, facilitating the identification of optimal candidates for triple
therapy, though prospective validation is warranted before widespread clinical use.
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Introduction
Hepatocellular carcinoma (HCC) continues to be a serious global health concern, endangering human life and imposing
a heavy burden on healthcare systems worldwide. It is the sixth most prevalent cancer and the third leading cause of
cancer-related mortality globally." The majority of patients (about 70%) are discovered at an advanced stage due to the
absence of obvious symptoms, which means they miss the opportunity for radical treatment, even though surgical
resection, liver transplantation, and radiofrequency ablation may cure early stage HCC.>

Monotherapies, including transarterial chemoembolization (TACE), radiotherapy, molecular targeted drugs, and immu-
notherapy, have shown limited efficacy.>* The latest progress in HCC treatment has shifted from single treatment to multimodal
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treatment. In advanced HCC, combination therapy with tyrosine kinase inhibitors (TKIs, such as lenvatinib) and immune
checkpoint inhibitors (ICIs, such as PD-1/PD-L1 inhibitors) is associated with a significantly improved prognosis. However,
challenges such as tumor heterogeneity, drug resistance and increased toxicity still exist.

In this case, the integration of local treatments (such as TACE) with systemic therapies has emerged as a promising
strategy. Previous studies have indicated that triple therapy, combining TACE, lenvatinib and PD-1 inhibitors improves overall
survival (OS) and progression-free survival (PFS) in patients with unresectable HCC (uHCC) while maintaining a favorable
safety profile.”® Notably, des-gamma-carboxy prothrombin (DCP) and alpha-fetoprotein (AFP) are two well-established
serum biomarkers that play pivotal roles in the prognosis stratification and treatment response prediction of HCC.”® However,
a subset of HCC patients presents with double negative serum levels of DCP and AFP, which poses substantial challenges to
biomarker based monitoring, prognostic stratification, and individualized treatment selection. Notably, existing prognostic
models (eg., TAE, CRAFITY, PPRD scores) were not developed for this specific double negative population, and the
therapeutic effectiveness of the triple regimen in these patients remains to be fully clarified.'® '

In this multicenter retrospective study, we evaluated the efficacy and safety of triple therapy in patients with double
negative DCP/AFP uHCC. We further constructed and externally validated a novel dedicated prognostic model (SEA score) to
improve risk stratification, identify optimal candidates for triple therapy, and help guide personalized treatment strategies for
this clinically unique population.

Materials and Methods

Patients

This multicenter retrospective study enrolled patients diagnosed with uHCC who underwent first-line triple therapy (TACE +
lenvatinib + PD-1 inhibitors) across three hospitals from June 2018 to December 2023. The training cohort was from the First
Affiliated Hospital of Guilin Medical University. The independent external cohort comprised patients from the Second
Affiliated Hospital of Guilin Medical University and Fuzhou University Affiliated Provincial Hospital. We retrospectively
analyzed demographic characteristics, clinical parameters (including hepatic function, tumor burden metrics, and other
relevant indices), laboratory results, imaging studies, and treatment response data. Serum biomarker negativity was defined
as follows: DCP <40 mAU/mL and AFP <400 ng/mL."*'* This study adhered to the Declaration of Helsinki and obtained
approval from the institutional review boards of all participating centers, and the requirement for written informed consent was
waived due to the retrospective nature of the study. As a retrospective study, selection bias was minimized by consecutively
enrolling all eligible patients according to uniform inclusion and exclusion criteria across three centers.

HCC was diagnosed in accordance with the Chinese Guidelines for Liver Cancer, relying on either typical imaging
features or histopathological confirmation.'> All patients with HCC were categorized according to the Barcelona Clinic
Liver Cancer (BCLC) staging system.'® Tumor unresectability was assessed by a multidisciplinary team (MDT) and was
primarily defined as: (1) bilobar liver involvement precluding RO resection, (2) inadequate surgical margins or insuffi-
cient future hepatic volume, and (3) extrahepatic metastasis (EHM) or extrahepatic lymph node metastasis.'’

Inclusion criteria for this study were: (1) age ranging from 18 to 75 years, (2) an Eastern Cooperative Oncology Group
performance status (ECOG-PS) score of 0 to 1, (3) no previous systemic or locoregional HCC therapy, and (4) double-negative
DCP/AFP uHCC, with triple therapy administered as first-line treatment. The exclusion criteria were: (1) concurrent malig-
nancies, (2) incomplete clinical data, (3) treatment discontinuation due to intolerability or non-compliance, and (4) BCLC stage
A disease (patients eligible for curative therapies).

TACE Procedure

All enrolled patients underwent standardized conventional TACE via right femoral artery puncture under local anesthesia.
TACE procedures adhered to established clinical standards.'> A 2.7F microcatheter was advanced superselectively into tumor-
supplying segmental or subsegmental hepatic arteries under imaging guidance. The chemoembolization protocol utilized
a precisely calibrated combination of pirarubicin (20-60 mg), oxaliplatin (200 mg), and lipiodol (5-20 mL), with individua-
lized dosages adjusted according to comprehensive assessment of tumor burden and residual hepatic functional reserve.
Subsequent embolization was performed administering absorbable gelatin sponge particles until near stasis of arterial flow
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was confirmed angiographically. The total emulsion volume was optimized based on three-dimensional tumor measurements
from pretreatment imaging.

Post-procedure follow-up assessments were performed at 4-6 weeks following the initial TACE. Whether to repeat
TACE was determined according to residual tumor activity and imaging results. Patients ineligible for additional TACE
received supportive care. All TACE interventions were performed by board-certified interventional radiologists posses-
sing at least 5 years of practice experience.

Lenvatinib and PD-1 Inhibitors

Systemic therapy was initiated within 2 weeks after the initial TACE session, with the lenvatinib dose adjusted based on body
weight: 8 mg once daily for patients weighing <60 kg, or 12 mg once daily for those weighing >60 kg. Dose reductions were
implemented for treatment-related toxicities, with permanent discontinuation required for persistent grade 3—4 adverse events
until resolution. PD-1 inhibitors (camrelizumab 200 mg, sintilimab 200 mg, tislelizumab 200 mg, toripalimab 240 mg, or
pembrolizumab 200 mg) were administered intravenously every 21 days, discontinued only for progressive disease or
intolerable toxicity. For patients requiring repeat TACE sessions, both lenvatinib and PD-1 inhibitors were temporarily
withheld 3 days before the procedure and reinstated 3 days after the procedure, unless significant TACE-related complications
occurred. Different PD 1 inhibitors were administered according to clinical availability and routine institutional practice,
which reflects real world clinical conditions. Owing to the relatively small sample size in each subgroup, formal comparative
analyses of efficacy and safety among different PD 1 inhibitors were not performed.

Treatment Response and Safety Assessment

Tumor response was evaluated via contrast-enhanced computed tomography (CT) or magnetic resonance imaging (MRI)
findings based on the modified Response Evaluation Criteria in Solid Tumors (mRECIST), and classified into complete
response (CR), partial response (PR), stable disease (SD), or progressive disease (PD).'® The objective response rate
(ORR) was defined as the percentage of patients with confirmed CR or PR lasting for at least 4 weeks, and the disease
control rate (DCR) including CR, PR, and SD. Treatment safety was assessed by recording treatment-related adverse

events (TRAEs) rated following the National Cancer Institute Common Terminology Criteria for Adverse Events version
5.0 (NCI-CTCAE v5.0).

Conversion Surgery

Following initiation of triple therapy, tumor resectability was assessed at 4- to 6-week intervals. When meeting criteria for
resectability, conversion surgery would be contemplated following MDT discussion and acquisition of informed consent. The
criteria for resectable HCC conversion included: (1) technical feasibility of achieving RO resection while maintaining adequate
liver remnant volume and function, (2) well-preserved liver function (Child-Pugh class A), (3) good performance status
(ECOG-PS score of 0 to 1), (4) absence of extrahepatic metastatic lesions and (5) no medical contraindications to
hepatectomy.'” Perioperative management involved withholding lenvatinib 1 week before and after surgery, while PD-1
inhibitors were discontinued 4 weeks. The extent and method of liver resection in each patient were tailored based on stage,

location and size of tumors, quantitative liver function assessment, and patient’s physiological reserve.'’

Follow-Up

All participants underwent regular follow-up assessments at intervals ranging from 4 to 8 weeks, during which they were
closely monitored for indications of disease recurrence. Each follow-up appointment included laboratory tests, chest CT
imaging, and contrast-enhanced abdominal CT/MRI scans. Postoperative adjuvant treatment, comprising lenvatinib plus
PD-1 inhibitors, was given for 3—12 months, with the treatment duration customized based on pathological findings,
radiological assessments, and patient therapy tolerance. For patients who failed conversion therapy, triple regimen was
discontinued upon disease progression, occurrence of severe TRAEs, or patient withdrawal of consent. The subsequent
treatment strategy was formulated through MDT consensus, incorporating shared decision-making with patients in
accordance with personalized medicine principles.?
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This study’s primary endpoint was OS, calculated from the commencement of triple therapy until mortality due to any
reason. Secondary endpoints included PFS, ORR, DCR and TRAEs. PFS was defined as the duration between triple
therapy initiation and disease progression or death from any cause. Data for patients who were progression-free or alive
at final follow-up were right-censored during analysis. The data cutoff date fell on October 31, 2024.

Statistical Analysis

Patients with incomplete key data (age, tumor size, EHM, conversion surgery, survival status) were excluded. No
imputation was performed for missing values. Frequencies and percentages were used to summarize categorical
variables, and Fisher’s exact test or Pearson’s chi-square test, depending on the data distribution, were used for between-
group comparisons. Variables with significant univariate associations with OS (P<0.05) were included in the multivariate
Cox proportional hazards model. Backward stepwise elimination was employed to identify independent prognostic
factors. Continuous variables were dichotomized using clinically relevant cutoff values. The prognostic scoring system
was developed by weighting each independent predictor according to its B coefficient from the final multivariate model.
The predictive performance of the model was quantified by calculating the area under the receiver operating character-
istic curve (AUROC). Risk stratification was visualized through Kaplan-Meier survival curves, with between-strata
comparisons conducted via Log rank testing (two-sided 0=0.05). The prognostic scoring model was validated through an
independent external validation cohort. All analyses were conducted using R statistical software (version 4.5.1), with
two-tailed P-values <0.05 considered statistically significant.

Results

Patient Characteristics

This multicenter retrospective analysis ultimately included 136 eligible patients from an initial cohort of 246 patients with
double-negative DCP/AFP uHCC who received first-line triple therapy across three medical centers between June 2018 and
December 2023 (Figure 1). The training cohort comprised 91 eligible patients from a single center who met the inclusion
criteria. Following a ratio of 2:1, we established an independent validation cohort consisting of 45 eligible patients from two
additional centers. The training cohort comprised 84 males (92.3%) and 7 females (7.7%), with a predominance of patients
aged >55 years (70.3%). The prevalence of infection with the hepatitis B virus (HBV) was observed in 77 patients (84.6%).

246 patients with DCP/AFP double-negative unresectable

; . HCC receiving triple therapy as first-line treatment
Exclusion Criteria:

*Combined with other malignancies (n=12)

A

*Incomplete clinical data (n=27)

A

* Treatment discontinuation for any reason
(n=32) 136 DCP/AFP double-negative unresectable

*BCLC stage A (n=39) HCC patients meeting inclusion/exclusion

criteria receiving triple therapy as first-line

treatment

: l

Training cohort External validation
(n=91) cohort (n = 45)

I |
'

Development and validation of

the prediction model

Figure | Flowchart of patient selection.
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Following reassessment of resectability criteria, 40 patients (44%) underwent successful conversion surgery after providing
informed consent. Radiological assessment revealed the presence of macrovascular invasion in 43 patients, accounting for
47.3% of the training cohort. Tumor characteristics revealed 70 cases (76.9%) with maximal diameter >5 cm and 22 cases
(24.2%) with solitary lesions. Table 1 displays all of the baseline characteristics.

Table | Baseline Demographic and Clinical Characteristics of Included

Patients
Variables, n (%) Training Cohort | Validation Cohort | P value
(n=91) (n=45)

Sex 0.355
Female 7(7.7) 6 (13.3)
Male 84 (92.3) 39 (86.7)

Age 0.871
<55 years 27 (29.7) 12 (26.7)
255 years 64 (70.3) 33 (73.3)

Surgery 0.452
No 51 (56) 29 (64.4)
Yes 40 (44) 16 (35.6)

BCLC stage 0.545
B 40 (44) 23 (51.1)
C 51 (56) 22 (48.9)

Macrovascular invasion 0.388
No 48 (52.7) 28 (62.2)
Yes 43 (47.3) 17 (37.8)

Child-Pugh class 0.653
A 79 (86.8) 41 (91.1)
B 12 (13.2) 4 (8.9)

ECOG-PS 0.805
0 70 (76.9) 33 (73.3)
| 21 (23.1) 12 (26.7)

HBYV infection >0.999
No 14 (15.4) 7 (15.6)
Yes 77 (84.6) 38 (84.4)

Maximum tumor size >0.999
<5cm 21 (23.1) Il (24.4)
25cm 70 (76.9) 34 (75.6)

Tumor number 0.531
Single 22 (24.2) 8 (17.8)
Multiple 69 (75.8) 37 (82.2)

Extrahepatic metastasis >0.999
No 70 (76.9) 35 (77.8)
Yes 21 (23.1) 10 (22.2)

NLR 0.144
<238 43 (47.3) 28 (62.2)
2.8 48 (52.7) 17 (37.8)

PLR 0.843
<175 72 (79.1) 37 (82.2)
=175 19 (20.9) 8 (17.8)

ALBI grade 0.717
| 42 (46.2) 23 (51.1)
2 and 3 49 (53.8) 22 (48.9)

(Continued)
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Table | (Continued).

Variables, n (%) Training Cohort | Validation Cohort | P value
(n=91) (n=45)
ALT >0.999
<40 IU/L 48 (52.7) 24 (53.3)
240 |U/L 43 (47.3) 21 (46.7)
AST 0.323
<40 IU/L 31 (34.1) 20 (44.4)
240 |U/L 60 (65.9) 25 (55.6)
Hemoglobin 0.687
<120 g/L 18 (19.8) 11 (24.4)
=120 g/L 73 (80.2) 34 (75.6)
GGT 0.678
<50 U/L 16 (17.6) 10 (22.2)
=50 U/L 75 (82.4) 35(77.8)
ALP 0.543
<125 U/L 57 (62.6) 25 (55.6)
=125 U/L 34 (374) 20 (44.4)

Abbreviations: BCLC, Barcelona Clinic Liver Cancer; ECOG-PS, Eastern Cooperative Oncology
Group performance status; HBV, hepatitis B virus; NLR, neutrophil-to-lymphocyte ratio; PLR,
platelet-to-lymphocyte ratio; ALBI, albumin-bilirubin; ALT, alanine aminotransferase; AST, aspar-
tate aminotransferase; GGT, gamma-glutamyl transferase; ALP, alkaline phosphatase.

Treatment Response and Safety Assessment

Per mRECIST criteria, the optimal tumor responses observed among the 91 patients included in the training cohort were
as follows: CR in 18 (19.8%), PR in 54 (59.3%), SD in 15 (16.5%), and PD in 4 (4.4%). These outcomes corresponded to
an ORR of 79.1% and a DCR of 95.6%, as illustrated in Table 2.

Within the training cohort, TRAEs were reported in 71 of 91 patients (78.0%), with the majority classified as grade 1
or 2 events (Table 3). Grade 4 TRAEs were identified in 3 patients (3.3%), specifically manifesting as hand-foot
syndrome, rash, and abnormal liver function. The most frequently observed TRAEs of any grade in this cohort included
abnormal liver function (65.9%), hypertension (33.0%), fever (27.5%), fatigue (23.1%), decreased appetite (20.9%),
thrombocytopenia (16.5%), nausea (15.4%), hand-foot syndrome (15.4%), diarrhea (12.1%), rash (12.1%), hypothyroid-
ism (11.0%), vomiting (9.9%), abdominal pain (9.9%) and proteinuria (7.7%). TRAEs led to dosage reduction of
lenvatinib for 7 patients (7.7%) and discontinuation of the PD-1 inhibitors for 2 patients (2.2%). During the follow-up
period, no deaths attributable to the treatment were observed.

Survival Analysis
During the median follow-up period of 27.7 months (95% confidence interval [CI]: 22.0-30.1), 30 patients (32.9%) in the
training cohort succumbed to death. Median OS was not attained. The 1-year, 2-year, and 3-year OS rates were 86.9%,

Table 2 Tumor Responses per mRECIST in the
Training Cohort

Best Response, n (%) | Training Cohort (n=91)

Complete response 18(19.8)
Partial response 54(59.3)
Stable disease 15(16.5)
Progressive disease 4(4.4)

Objective response rate | 72(79.1)

Disease control rate 87(95.6)
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Table 3 Treatment-Related Adverse Events in Training Cohort

Adverse Event, n (%) | Any grade | Grade 1-2 | Grade 3 | Grade 4
Total 71(78.0) 55(60.4) 13(14.3) 3(3.3)
Fatigue 21(23.1) 19(20.9) 2(2.2) -
Fever 25(27.5) 24(26.4) I(1.1) -
Nausea 14(15.4) 12(13.2) 2(2.2) -
Vomiting 9(9.9) 8(8.8) I(1.1) -
Decreased appetite 19(20.9) 15(16.5) 4(4.4) -
Abdominal pain 9(9.9) 9(9.9) - -
Diarrhea 11(12.1) 11(12.1) - -
Hand-foot syndrome 14(15.4) 10(11.0) 3(3.3) I1(1.1)
Hypertension 30(33.0) 26(28.6) 4(4.4) -
Proteinuria 7(7.7) 6(6.6) I(1.1) -
Rash 11(12.1) 7(7.7) 3(3.3) I1(1.1)
Thrombocytopenia 15(16.5) 15(16.5) - -
Hypothyroidism 10(11.0) 10(11.0) - -
Abnormal liver function 60(65.9) 46(50.5) 12(13.2) 2(2.2)

63.3%, and 54.4%, respectively (Figure 2A). Median PFS was 18.9 months (95% CI: 15.7-23.9), with 1-year, 2-year, and
3-year PFS rates of 69.6%, 36.9%, and 33.0%, respectively (Figure 2B).

Independent Prognostic Factors

Univariate analysis identified several variables significantly associated with OS, including patient age (<55 years vs.
>55years), surgery (no vs. yes), maximum tumor size (>5 cm vs. <5 cm), EHM (yes vs. no) and hemoglobin (>120 g/L
vs. <120 g/L). In the multivariate Cox proportional hazards analysis, age, conversion surgery, maximum tumor size, and
EHM, were identified as independent predictors significantly associated with OS (p < 0.05) (Table 4).

Development and Validation of Prognostic Scoring Model

Scores for the four independent predictors were created by rounding their B coefficients to the nearest integer. The
detailed scoring methodology is presented in Table 5. These four factors were integrated to establish the SEA score
(range 0—6 points). Patients were stratified into low-risk (0-3 points) and high-risk (4—6 points) groups.

1.00 Censored 1.00 Censored
g
0.75 =075
- s
S 2
3 :
2 @
E 3
5 050 2 050
a &
= <
s S
] @
3 g
0.25 Qo025
e
o
0.00 0.00
0 10 20 30 40 50 0 10 20 30 40 50
Time (months) Time (months)
Number at risk Number at risk
91 75 42 19 5 1 91 62 31 13 5 1
0 10 20 30 40 50 0 10 20 30 40 50
Time (months) Time (months)

Figure 2 Kaplan-Meier curves for (A) overall survival and (B) progression-free survival for patients in the training cohort. Median overall survival was not reached.
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Table 4 Univariate and Multivariate Cox Regression Analyses for OS in the Training Cohort

Variables Univariate Analysis Multivariate Analysis
HR (95% CI) P HR (95% CI) P
Sex (Male/Female) 2.88 (0.39-21.21) 0.298
Age (<55 years/255 years) 2.09 (1.00-4.37) 0.0487 | 2.8 (1.29-6.08) 0.0089
Surgery (No/Yes) 2.95 (1.26-6.89) 0.0124 | 2.82 (1.15-6.88) 0.0283
BCLC stage (C/B) 1.41 (0.68-2.95) 0.358
Macrovascular invasion (Yes/No) 1.40 (0.68-2.89) 0.358
Child-Pugh class (B/A) 0.83 (0.25-2.74) 0.760
ECOG-PS (1/0) 0.79 (0.32-1.94) 0.612
HBYV infection (Yes/No) 0.67 (0.28-1.65) 0.389
Maximum tumor size (25 cm/<5 cm) | 3.61 (1.09-11.93) | 0.0355 | 5.46 (1.54-19.39) | 0.0086
Tumor number (Multiple/Single) 0.98 (0.40-2.40) 0.956
Extrahepatic metastasis (Yes/No) 4.05 (1.96-8.35) 0.0002 | 5.35 (2.11-13.58) | 0.0004
NLR (=2.8/<2.8) 0.93 (0.45-1.91) 0.841
PLR (=175/<175) 1.17 (0.50-2.72) 0.721
ALBI grade (2 and 3/1) 1.48 (0.72-3.06) 0.288
ALT (240 1U/L/<40 1U/L) 1.09 (0.53-2.23) 0.817
AST (240 IU/L/<40 IU/L) 1.74 (0.77-3.91) 0.18l1
Hemoglobin (=120 g/L) 0.41 (0.18-0.95) 0.0372 | 1.09 (0.39-3.03) 0.825
GGT (=50 U/L/<50 U/L) 1.33 (0.51-3.47) 0.566
ALP (2125 U/L/<I125 UIL) 0.95 (0.45-2.01) 0.902

Notes: Bold values denote statistically significant differences (p<0.05).

Abbreviations: BCLC, Barcelona Clinic Liver Cancer; ECOG-PS, Eastern Cooperative Oncology Group performance
status; HBV, hepatitis B virus; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; ALBI, albumin-
bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; ALP, alkaline
phosphatase.

Table 5 Calculation and Classification of the SEA Score

Variables p Coefficient HR (95% CI) Scores

Maximum tumor size 1.7192
<5 cm |
25 cm 5.46 (1.54-19.39)
Surgery 1.0311
Yes | 0
No 2.82 (1.15-6.88) |
Extrahepatic metastasis 1.6794
Absent |
Present 5.35 (2.11-13.58)
Age 1.0335
255 years | 0
<55 years 2.8 (1.29-6.08) |
SEA classification
Low risk <3
High risk >3

Abbreviations: HR, hazard ratio; Cl, confidence interval.

The 2-year OS rates for the subgroups within the training cohort were 80.9% and 19.7%, respectively. Kaplan-Meier
survival analysis showed significant differences in OS between these subgroups (p < 0.0001). Survival rates decreased
markedly as the SEA score increased (Figure 3A). Specifically, the low-risk group showed favorable survival outcomes,
while the high-risk group had a poor survival, with a median OS of just 14.4 months. PFS also differed significantly
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Figure 3 Kaplan—Meier curves according to SEA score. (A) overall survival and (B) progression-free survival according to the SEA score in the training cohort; (C) overall
survival and (D) progression-free survival according to the SEA score in the validation cohort.

based on the SEA score (Figure 3B). The 2-year PFS rates for the high-risk group were 4.6% and the low-risk group was
49.9% (p < 0.0001).

An independent external cohort was used to further confirm the SEA score’s predictive performance. The baseline
features of the training and validation cohorts did not differ significantly (Table 1). Within the validation cohort (n = 45),
the majority of patients (73.3%) were aged >55 years. Conversion surgery was successfully performed in 16 cases
(35.6%). Maximum tumor size >5 cm was present in 75.6% of patients and only 10 (22.2%) patients were identified with
EHM. In alignment with the findings observed in the training cohort, the validation cohort demonstrated effective risk
stratification based on the SEA score, with 2-year OS rates of 90.0% for the low-risk group and 20.0% for the high-risk
group. Kaplan-Meier survival analysis revealed statistically significant differences in OS between these subgroups (p =
0.0013) (Figure 3C). The 2-year OS rates were 73.9% for the low-risk group and 26.7% for the high-risk group. In
addition, Kaplan-Meier analysis revealed a 2-year PFS rates of 61.8% for low-risk patients versus 0% for high-risk
patients (p<<0.0001) (Figure 3D). In both the training and validation cohorts, the OS and PFS demonstrated significant
stratification between their respective high-risk and low-risk subgroups.

Performance of SEA Score

The SEA scoring system demonstrated strong discriminative capacity across both cohorts, with AUC values of 0.800
(95% CI, 0.693-0.888) in the training cohort and 0.680 (95% CI, 0.548-0.811) in the validation cohort (Figure 4).
Notably, the composite SEA score outperformed all single prognostic factors in predictive accuracy.
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under the receiver operating characteristic curve.

Discussion

Our study demonstrates promising efficacy of triple therapy in patients with double-negative DCP/AFP uHCC. The
treatment demonstrated an ORR of 79.1% and a DCR of 95.6% by mRECIST criteria in the training cohort. The median
OS was not reached and the median PFS of 18.9 months. These outcomes are generally consistent with those reported in
previous studies of triple therapy for uHCC.'*?""** The favorable survival outcomes observed in this study indicate that
triple therapy may serve as an effective treatment for patients with double-negative DCP/AFP uHCC. Collectively, these
results provide substantial support for the implementation of triple therapy as a potentially effective initial standard
treatment option for this specific patient population.

The encouraging clinical results observed in triple therapy likely stem from synergistic mechanisms.”> TACE, as
a locoregional treatment for uHCC, induces tumor necrosis and may promote antitumor immunity by releasing tumor-
associated antigens, thereby potentiating the effects of PD-1 inhibitors.?**** PD-1 inhibitors block the PD-1/PD-L1 checkpoint,
reversing T-cell suppression and enabling them to recognize and attack cancer cells.”>*® Lenvatinib, a multitargeted
antiangiogenic TKI, not only suppresses post-TACE neovascularization but also modulates the tumor immune microenviron-
ment, further enhancing systemic immunotherapy.>’2° These collectively delay tumor progression and recurrence. The
justification for this combination therapy is supported by clinical data showing triple therapy provides better survival
advantages than dual therapy or monotherapy.>? The improved prognosis associated with low DCP levels may be attributed
to enhanced T-cell infiltration and a less immunosuppressive tumor microenvironment, fostering stronger antitumor immune
responses.'* Additionally, AFP-negative HCC exhibits better outcomes due to the absence of FOXM1-driven aggressive
phenotypes and vascular invasion, which are hallmarks of AFP-positive tumors.>**' Accordingly, all these indicate the
therapeutic potential of combining locoregional, targeted, and immunotherapeutic strategies in patients with double-negative
DCP/AFP uHCC.

The safety profile of triple therapy in our study was acceptable and consistent with previous reports of TACE combined
with lenvatinib and PD-1 inhibitors.21,22,32 The overall incidence of any-grade TRAEs (78.0%) and grade>3 TRAEs
(17.6%) were comparable or even lower than those in similar real-world cohorts, in which the rates of any-grade TRAEs
ranged from 82% to 91% and grade>3 TRAEs from 22% to 31%.>'***** The most common adverse event was elevation of
ASTand ALT levels, reflecting the transient hepatotoxicity associated with TACE procedures.** These biochemical alterations
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primarily reflect localized hepatic parenchymal injury resulting from tumor-directed ischemia and necrosis, rather than
systemic drug-induced toxicity.*® Importantly, grade 4 TRAEs were rare in our study cohort, and no fatalities were attributed
to therapy during the follow-up period. These findings collectively suggest that the triple therapy regimen demonstrates an
acceptable safety profile for the treatment of DCP/AFP-negative uHCC.

Multivariate analysis demonstrated that tumor size >5 cm, conversion surgery, EHM, and age <55 years were independent
prognostic factors, which were subsequently integrated into the SEA scoring model. Larger tumor size (=5 cm) was
significantly associated with more aggressive disease biology and poorer survival outcomes, consistent with previous reports
demonstrating shorter median OS in this patient subgroup.*® Notably, patients who successfully underwent conversion surgery
achieved substantially better prognosis compared to non-surgical candidates, highlighting the critical importance of surgery in
advanced HCC management.>” EHM proved to be a robust negative prognostic factor, aligning with prior studies that have
established metastatic disease as a key determinant of poor prognosis in HCC patients receiving triple therapy.*® Interestingly,
younger age (<55 years) was associated with worse outcomes, potentially reflecting more aggressive tumor biology in this
demographic, as supported by previous investigations reporting faster disease progression and reduced survival in younger
HCC populations.®*** However, the underlying biological mechanisms for this age-related prognostic difference remain to be
fully elucidated, and further mechanistic research is warranted. These findings collectively provide a robust framework for
prognostic stratification in advanced HCC and underscore the complex interplay between tumor characteristics, treatment
modalities, and patient factors in determining clinical outcomes.

Numerous prognostic scoring models have been established for HCC patients treated with systemic or locoregional
therapies. However, none of these tools are specifically designed for patients with double-negative DCP/AFP uHCC.
Specifically, Zeng et al established the TAE score, Scheiner et al constructed the CRAFITY score, and Zhang et al proposed
the PPRD score, all of which were developed to forecast survival outcomes in unselected HCC populations.'®'? The SEA
score exhibits comparable or improved prognostic performance compared with these existing models, as it was specifically
developed and externally validated for the double negative DCP/AFP uHCC population, thereby addressing a critical unmet
clinical need. This study is the first to focus on double negative DCP/AFP uHCC patients treated with triple therapy and to
establish a dedicated prognostic scoring system, which may provide a useful reference for clinical practice.

There are some limitations that warrant consideration in this study. First, this was a retrospective, single-arm,
observational study with inherent selection bias, and no control group was included for comparison, which limits the
causal inference of treatment efficacy. Future prospective, controlled, and multicenter studies are needed to provide higher-
level evidence. Second, the sample size was relatively small, especially in the external validation cohort (n=45). Further
investigations with larger sample sizes are required to improve statistical power and generalizability. Third, multiple types
of PD-1 inhibitors were used interchangeably according to clinical practice, and the number of TACE sessions was
individualized, both of which represent treatment heterogeneity and potential confounders. Meanwhile, the number of
double negative DCP/AFP uHCC patients was insufficient to support robust subgroup analyses. Future studies should adopt
standardized treatment protocols and perform well-powered subgroup analyses. Fourth, the study population was pre-
dominantly HBV-related HCC from Chinese centers, which may limit the extrapolation of results to other etiologies and
ethnicities. Future research should enroll more diverse cohorts to enhance generalizability. Finally, the median follow-up
period was relatively limited, and long-term survival data require further confirmation. Extended follow-up is needed to

verify long-term outcomes.

Conclusion

The combination of TACE, lenvatinib and PD 1 inhibitors demonstrates favorable clinical efficacy and manageable safety
profile in patients with double negative DCP/AFP uHCC. Our study established and externally validated the novel SEA
prognostic scoring system. This practical model may help clinicians identify favorable candidates for triple therapy and
facilitate individualized treatment planning. Nevertheless, given the retrospective design and relatively small sample size,
large scale prospective studies are warranted to further verify the prognostic value and clinical utility of the SEA score
before routine clinical application.
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