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Background: Outcomes of transarterial chemoembolization (TACE) combined with programmed cell death-1 (PD-1) inhibitors
for unresectable hepatocellular carcinoma (HCC) remain heterogeneous. This study evaluated the prognostic value of the dy-
namic Systemic Immune-Inflammation Index (Delta SII) and Albumin-Bilirubin (ALBI) grade to construct a predictive nomo-
gram.
Methods: We retrospectively analyzed 168 patients with unresectable HCC treated with TACE plus PD-1 inhibitors. Delta SII
was defined as the relative change from baseline to the first follow-up. Independent prognostic factors for Overall Survival
(OS) were identified via Cox regression to build a nomogram. Delta SII was categorized into High and Low groups using an
optimal cut-off of 32.7%, determined by maximally selected rank statistics. Post-treatment SII (SII_T1) was measured within
a prespecified window of 28–42 days post-treatment. The nomogram was internally validated using 500-bootstrap resampling,
and performance was assessed by time-dependent Area Under the Curve (AUC) with 95% confidence intervals, calibration plots,
and Decision Curve Analysis (DCA). All patients received toripalimab (240 mg every 3 weeks) as the PD-1 inhibitor.
Results: Patients with a High Delta-SII or ALBI Grade 2/3 exhibited significantly inferior OS and Progression-Free Survival
(PFS) (p < 0.001). Multivariate analysis identified Tumor Size (Hazard Ratio (HR): 1.10, 95% CI: 1.04–1.16), Tumor Number
(HR: 1.34, 95% CI: 1.10–1.63), macrovascular invasion (MVI) (HR: 1.64, 95% CI: 1.08–2.48), ALBI Grade 2/3 (HR: 2.76, 95%
CI: 1.62–4.70), and High Delta-SII group (HR: 2.84, 95% CI: 1.86–4.33) as independent risk factors for mortality. The con-
structed nomogram demonstrated robust discrimination, with AUCs of 0.804 (95% CI: 0.737–0.872) for 1-year and 0.823 (95%
CI: 0.756–0.890) for 2-year OS. Calibration curves showed excellent agreement between predicted and observed survival, and
DCA confirmed the model’s clinical utility.
Conclusion: The dynamic evolution of systemic inflammation (Delta SII) and baseline hepatic reserve (ALBI grade) are powerful
synergistic predictors of survival in unresectable HCC patients receiving TACE plus PD-1 inhibitors. The proposed nomogram,
which prioritizes host biological resilience over tumor burden alone, offers a precise and visual tool to guide clinical decision-
making and identify patients most likely to benefit from this combination therapy.
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Introduction

Hepatocellular carcinoma (HCC) remains a global
health challenge, characterized by high mortality rates and
frequent diagnosis at advanced stages where curative resec-
tion is precluded [1,2]. For patients with unresectable dis-
ease, transarterial chemoembolization (TACE) has histori-
cally served as the standard of care [3,4]. The therapeutic
landscape has recently evolved with the advent of immune
checkpoint inhibitors (ICIs), specifically programmed cell
death-1 (PD-1) inhibitors [5,6]. The rationale for combin-
ing TACE with PD-1 blockade is synergistic. TACE in-

duces ischemic tumor necrosis, releasing tumor-associated
antigens that can overcome immune exclusion and enhance
the systemic efficacy of ICIs [7]. Despite the promise of this
combinatorial strategy, clinical responses exhibit signifi-
cant heterogeneity [8]. This heterogeneity manifests across
multiple dimensions: objective response rates (ORR) vary
widely from approximately 20% to 60%, median overall
survival (OS) ranges from less than 10 months to over 20
months across different cohorts, and a substantial propor-
tion of patients experience early radiological progression
within the first three months of treatment. Moreover, a non-

https://doi.org/10.24976/Discov.Med.202638207.95
https://creativecommons.org/licenses/by/4.0/


1196

trivial subset of patients fail to derive meaningful survival
benefits, succumbing to either rapid tumor progression or
treatment-related hepatic decompensation.

Accurate prognostication is essential to optimize pa-
tient selection and avoid futile treatments. Traditional stag-
ing systems, such as the Barcelona Clinic Liver Cancer
(BCLC) classification, rely heavily on tumor burden met-
rics, specifically tumor size and number, to dictate prog-
nosis [9,10]. While effective for cytotoxic therapies, these
anatomical models often overlook the complex host-tumor
interactions that govern outcomes in the era of immunother-
apy [11]. Emerging evidence suggests that the efficacy of
PD-1 inhibitors depends less on tumor bulk and more on
the host’s functional physiological reserve, comprising both
hepatic function and systemic immune status [12].

Furthermore, hepatic reserve is a decisive factor in the
survival of HCC patients, influencing tolerance to therapeu-
tic stress [13,14]. The Albumin-Bilirubin (ALBI) grade of-
fers a strictly objective assessment of liver function, elimi-
nating the subjective variability of ascites and encephalopa-
thy inherent in the Child-Pugh score [15]. By relying solely
on albumin and bilirubin levels, the ALBI grade provides
a more granular stratification of hepatic resilience, which
is particularly critical given the potential hepatotoxicity as-
sociated with TACE and immune-mediated adverse events
[16].

Parallel to liver function, systemic inflammation is
recognized as a hallmark of cancer progression [17]. The
Systemic Immune-Inflammation Index (SII), calculated
from platelet, neutrophil, and lymphocyte counts, integrates
three independent inflammatory pathways into a single
composite marker [18]. Neutrophils and platelets promote
tumor progression via angiogenesis, immune evasion, and
pro-metastatic niche formation. In contrast, lymphocytes
mediate cytotoxic antitumor immunity [19]. An elevated
SII typically signifies a dominance of pro-tumorigenic in-
flammation over host immune surveillance [20].

Most existing studies have focused on static baseline
inflammatory markers. TACE, however, is an invasive pro-
cedure that induces acute ischemic hypoxia, triggering a
surge in pro-inflammatory cytokines and vascular endothe-
lial growth factor (VEGF) [21]. Current prognostic models,
including the BCLC staging system, the Child-Pugh score,
and existing static inflammatory indices such as baseline SII
were all constructed from single time-point measurements
and therefore inherently fail to account for this treatment-
induced inflammatory fluctuation. For instance, the BCLC
system focuses primarily on tumor morphology and perfor-
mance status, while the Child-Pugh score captures a fixed
snapshot of hepatic function; neither framework incorpo-
rates the longitudinal immune response triggered by the
TACE procedure itself. This treatment-induced, iatrogenic
inflammatory storm may paradoxically fuel tumor progres-
sion by fundamentally altering the immune microenviron-
ment [22]. Consequently, static baseline values may fail

to capture the host’s dynamic physiological response to
treatment. We hypothesize that the longitudinal evolution
of the SII (dynamic Systemic Immune-Inflammation In-
dex (Delta SII), reflecting the balance between treatment-
induced inflammation and immune activation, serves as
a superior prognostic surrogate compared to pretreatment
values alone.

Currently, robust models integrating dynamic
immune-inflammatory changes with objective hepatic
reserve for this specific combination therapy are lacking.
This study aimed to evaluate the prognostic value of
ALBI grade and Delta SII in patients with unresectable
HCC undergoing TACE plus PD-1 inhibitors. Based on
these determinants, we constructed and validated a novel
nomogram to provide clinicians with a visual and precise
tool for survival prediction.

Methods

Study Design and Patient Population
This retrospective study analyzed data from patients

diagnosed with unresectable HCC who received TACE
combined with PD-1 inhibitor therapy at People’s Hospi-
tal of Ningxia Hui Autonomous Region between January
2020 and January 2025.

The inclusion criteria were as follows: (1) clinically
or pathologically confirmed HCC; (2) classification as un-
resectable HCC (BCLC stage B or C) according to current
guidelines [23]; (3) treatedwith TACE combinedwith PD-1
inhibitors; (4) Child-Pugh class A or B; and (5) availability
of complete medical records and follow-up data. Patients
were excluded if they had: (1) concurrent malignancies; (2)
severe dysfunction of vital organs (heart, lungs, or kidneys);
(3) active autoimmune diseases; or (4) missing data for key
laboratory indicators required to calculate ALBI or SII.

Treatment Protocol
TACE was performed by experienced interventional

radiologists using the standard Seldinger technique. The
choice of TACE modality (conventional TACE [cTACE]
vs. drug-eluting bead TACE [DEB-TACE]) was based
on tumor vascular anatomy and operator discretion. For
cTACE, an emulsion of iodized oil (Lipiodol Ultra-Fluide,
Guerbet, Villepinte, France) and cisplatin (Qilu Pharma-
ceutical Co., Ltd., Jinan, China; Jiangsu Hansoh Pharma-
ceutical Group Co., Ltd., Lianyungang, China) was se-
lectively infused into tumor-feeding arteries, followed by
embolization with gelatin sponge particles (Hangzhou Alc
Co., Ltd., Hangzhou, China) or polyvinyl alcohol parti-
cles (Hangzhou Alc Co., Ltd., Hangzhou, China) until
near-stasis was achieved. For DEB-TACE, commercially
available drug-eluting beads (Jiangsu Hengrui Medicine
Co., Ltd., Lianyungang, China) loaded with epirubicin
(Shenzhen Main Luck Pharmaceuticals Inc., Shenzhen,
China) were administered in accordance with the manu-
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facturer’s instructions and institutional practice. Supers-
elective catheterization was attempted whenever feasible.
Repeat TACE was considered based on imaging response,
liver function, and patient tolerance. The number of TACE
sessions during the study period was recorded (median
[IQR]).

PD-1 inhibitors were initiated within 3–7 days after
the first TACE procedure. In this cohort, toripalimab (240
mg/6mL; Shanghai Junshi Biosciences Co., Ltd., Shanghai,
China) was used as the PD-1 inhibitor, and dosing at 240
mg every 3 weeks followed the approved labeling and con-
temporary clinical guidelines. PD-1 therapy was continued
until radiological progression, unacceptable toxicity, liver
decompensation, or patient withdrawal. The total number
of PD-1 cycles and themedian treatment duration were doc-
umented. Concomitant anticancer treatments (e.g., tyrosine
kinase inhibitors, radiotherapy, ablation, or other systemic
agents) during follow-up were recorded and considered in
the analysis.

Data Collection and Definitions
Baseline demographic and clinicopathological char-

acteristics were collected, including age, gender, etiology,
Eastern Cooperative Oncology Group performance status
(ECOG PS), tumor size, tumor number, macrovascular in-
vasion (MVI), extrahepatic spread (EHS), and laboratory
parameters. The final analytical dataset contained no miss-
ing values across all variables (missing rate = 0% for all
30 variables), as complete laboratory data availability was
a mandatory inclusion criterion.

Calculation of ALBI Grade and SII
The ALBI score was calculated using the following

formula based on baseline laboratory data: ALBI score
= (log10(bilirubin [µmol/L]) × 0.66) – (albumin [g/L] ×
0.085). Patients were stratified into three grades: Grade 1
(<–2.60), Grade 2 (≥–2.60 to <–1.39), and Grade 3 (≥–
1.39). In our cohort, no patients met the criteria for Grade
3; consequently, the binary categorization of Grade 1 ver-
sus Grade 2/3 is de facto equivalent to Grade 1 versus Grade
2 in the present analysis.

The SII was calculated using routine complete blood
count data as: SII = (Platelet count [109/L] × Neutrophil
count [109/L]) / Lymphocyte count [109/L]. Baseline SII
(SII_T0) was obtained from blood samples collected at the
first TACE procedure. Post-treatment SII (SII_T1) was ob-
tained from blood samples collected at the first schedule
follow-up visit within the prespecified window of 28–42
days after the initial treatment. The dynamic change in
SII (Delta SII) was defined as the proportional change rel-
ative to the baseline value: Delta SII = (SII_T1 – SII_T0)
/ SII_T0 × 100%. A positive Delta SII value indicates an
increase in systemic immune-inflammatory burden follow-
ing treatment, whereas a negative value indicates a reduc-
tion. The optimal cut-off value for Delta SII was deter-

mined using maximally selected rank statistics (using the
“surv_cutpoint” function in the survminer R package ver-
sion 0.4.9), which identifies the threshold that maximizes
the standardized log-rank statistic. The derived optimal
cut-off value was 32.7%. Based on this threshold, 60 pa-
tients (35.7%) were classified into the High Delta-SII group
(Delta SII> cut-off) and 108 patients (64.3%) into the Low
Delta-SII group (Delta SII ≤ cut-off). The distribution of
Delta SII values and the corresponding cut-off are illus-
trated in Supplementary Fig. 1. To minimize timing-
related variability, the first follow-up blood test (SII_T1)
was defined within a prespecified window of 28–42 days
after the initial treatment; if multiple tests were available
within the window, the test closest to day 35 was used.
This window was further supported by the pharmacoki-
netic profile of toripalimab, which has a reported elimina-
tion half-life exceeding 20 days; drug concentrations and
PD-1 receptor occupancy therefore remain relatively sta-
ble throughout the 28–42 day interval, ensuring that SII_T1
reflects the cumulative immunobiological response to both
TACE-induced ischemia and two cycles of PD-1 inhibition,
rather than an acute peri-infusion transient. This window
was selected to ensure that all patients had received exactly
two doses of toripalimab prior to sampling (administered on
Day 0 and Day 21), while avoiding the acute peri-infusion
immune activation transient that typically resolves within 7
days of each infusion. Patients with overt acute infection or
hematologic conditions at the time of blood sampling (e.g.,
fever requiring antibiotics, active gastrointestinal bleeding,
or steroid pulse therapy) were excluded.

The histogram illustrates the distribution of Delta
SII values across all 168 patients included in the analy-
sis. Delta SII was defined as the proportional change in
the Systemic Immune-Inflammation Index from baseline
(SII_T0) to the first follow-up assessment (SII_T1), calcu-
lated as (SII_T1 – SII_T0) / SII_T0 × 100%. The opti-
mal cut-off value (32.7%) was determined using the max-
imally selected rank statistics method (surv_cutpoint func-
tion, survminer R package), which identifies the threshold
that maximizes the standardized log-rank statistic for over-
all survival. The red dashed vertical line indicates the op-
timal cut-off. Patients with Delta SII values exceeding this
threshold were classified into the High Delta-SII group (red
bars; n = 60, 35.7%), while those at or below the threshold
were classified into the Low Delta-SII group (blue bars;
n = 108, 64.3%). Abbreviations: SII, Systemic Immune-
Inflammation Index; Delta SII, dynamic change in SII.

Follow-up and Endpoints
Patients were followed up regularly every 4–8 weeks.

The primary endpoints were overall survival (OS) and
Progression-Free Survival (PFS). OS was defined as the
time from the first TACE–PD-1 treatment to death from
any cause or the last follow-up. PFS was defined as
the time from the first TACE–PD-1 treatment to radio-
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logical progression (assessed according to mRECIST) or
death, whichever occurred first. Radiological progression
was independently assessed by two experienced radiol-
ogists with hepatic imaging subspecialty expertise using
contrast-enhanced CT (uCT 760, United Imaging Health-
care, Shanghai, China) or MRI (uMR 780, United Imaging
Healthcare, Shanghai, China) according to mRECIST crite-
ria; discordant interpretations were resolved by consensus
discussion within the institutional multidisciplinary team.
As this was a retrospective study, evaluations were not per-
formed under formally blinded conditions. The data cut-
off date was June 30, 2025. During follow-up, 97 deaths
and 125 progression events were observed. The median
follow-up duration was 39.3 months, estimated using the
reverse Kaplan–Meier method (based on OS follow-up).
For administrative consistency, follow-up was capped at
60 months for patients who remained alive and event-free
at that landmark; these patients are reflected as administra-
tively censored observations in the survival analyses.

Statistical Analysis
All statistical analyses were performed using R soft-

ware (version 4.5.2, R Foundation for Statistical Comput-
ing, Vienna, Austria). Missing data were handled using
complete-case analysis (patients with missing key variables
were excluded from modeling). Continuous variables were
expressed as median [interquartile range, IQR] and com-
pared using the Wilcoxon rank-sum test. Categorical vari-
ables were presented as frequencies (percentages) and com-
pared using the Chi-square test or Fisher’s exact test. To
evaluate potential information loss from dichotomization of
Delta SII, we performed sensitivity analyses using Delta SII
as a continuous linear term and as a restricted cubic spline
(RCS, 4 knots) in the multivariable Coxmodel. The nonlin-
earity test was non-significant (p = 0.172), and the C-index
of the continuous model (0.752) was virtually identical to
that of the binary model (0.752). Although the continuous
model achieved a marginally lower AIC (834.54 vs 837.86
for the binary model), this marginal improvement in model
fit did not translate into any gain in discriminative perfor-
mance.

Formal a priori sample size calculation was not per-
formed given the retrospective nature of this study; how-
ever, the adequacy of the sample size was evaluated post
hoc using the Events Per Variable (EPV) criterion. Themul-
tivariate Cox regression model included five independent
predictors, and 97 mortality events were observed during
follow-up, yielding an EPV of approximately 19.4. This
substantially exceeds the commonly recommended mini-
mum threshold of 10 EPV, supporting the statistical sta-
bility and reliability of the multivariable model. Further-
more, the use of 500-bootstrap internal validation was em-
ployed to mitigate potential overfitting arising from the lim-
ited sample size.

Survival curves were generated using the Kaplan-
Meier method and compared using the Log-rank test. Uni-
variate and multivariate Cox proportional hazards regres-
sion analyses were performed to identify independent prog-
nostic factors. Given the right-skewed distribution of AFP
values (range: 22–1516 ng/mL), a log10 transformationwas
applied prior to Cox regression analysis to address poten-
tial scale effects. Variables with p < 0.10 in univariable
analysis and/or clinically relevant covariates were consid-
ered for multivariable modeling. Multicollinearity among
covariates was assessed using the Variance Inflation Factor
(VIF). Specifically, to avoid statistical redundancy, com-
posite scores (e.g., ALBI grade) and their constituent com-
ponents (e.g., albumin and total bilirubin) were not entered
into the multivariate model simultaneously. The propor-
tional hazards assumption was assessed using Schoenfeld
residuals.

Based on the independent predictors identified in the
multivariate analysis, a prognostic nomogram was con-
structed to predict 1- and 2-year OS probabilities. The
nomogram performance was assessed using three com-
plementary methods. First, discrimination was evaluated
by the area under the time-dependent ROC curve (AUC).
Time-dependent AUC values were calculated using the in-
verse probability of censoring weighting (IPCW) method
via the timeROC package (version 0.4), which appropri-
ately accounts for patients censored prior to each time point
of interest by upweighting the contributions of uncensored
observations. Second, calibration was assessed using cali-
bration plots comparing predicted versus observed survival
probabilities, with 500 bootstrap resamples for internal val-
idation. Third, clinical utility was evaluated by Decision
Curve Analysis (DCA), which quantified the net benefit of
the model across a range of threshold probabilities. A two-
sided p-value < 0.05 was considered statistically signifi-
cant.

This study was conducted in accordance with the Dec-
laration of Helsinki and was approved by the Institutional
Review Board (IRB) of People’s Hospital of Ningxia Hui
Autonomous Region (Approval No. [2025]-NZR-229).
Given the retrospective nature of the study and the use of
anonymized clinical data, the requirement for written in-
formed consent was waived. The study is reported in line
with the STROBE statement for observational studies and
the TRIPOD guideline for prognostic model development
and validation.

Results

Patient Characteristics
The baseline characteristics of the 168 enrolled pa-

tients are listed in Table 1. The study population was cat-
egorized into Low Delta-SII (n = 108) and High Delta-SII
(n = 60) groups. Statistical analysis revealed that the High
Delta-SII group was associated with a heavier tumor burden
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Fig. 1. Kaplan-Meier survival curves for Overall Survival (OS) and Progression-Free Survival (PFS). (A) Survival curves stratified
by Delta SII groups (Low vs. High). Patients with Low Delta-SII (blue line) showed significantly better OS (p < 0.0001) and PFS (p
< 0.0001) compared to the High Delta-SII group (yellow line). (B) Survival curves stratified by ALBI grade (Grade 1 vs. Grade
2/3). Patients with ALBI Grade 1 (blue line) demonstrated significantly longer OS (p < 0.0001) and PFS (p = 0.0011) than those with
ALBI Grade 2/3 (yellow line). p-values were calculated using the Log-rank test. Shaded areas represent 95% confidence intervals.
Abbreviations: SII, Systemic Immune-Inflammation Index; ALBI, Albumin-Bilirubin grade.

and compromised hepatic function compared to the Low
Delta-SII group. Specifically, patients with elevated Delta
SII had larger tumor diameters (p = 0.008) and worse liver
reserve, indicated by higher total bilirubin (p < 0.001) and
ALBI grade (p = 0.011). Of note, baseline SII levels were
comparable between the groups (p = 0.886), suggesting that

the dynamic change in SII, rather than the static baseline
value, correlates with specific clinical features. No signifi-
cant differences were found in other demographics or tumor
characteristics such as MVI and AFP levels.
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Table 1. Baseline demographic and clinicopathological characteristics of patients with unresectable HCC stratified by Delta SII.
Low High Overall

p-value
(N = 108) (N = 60) (N = 168)

Age (years) 0.931
Median [IQR] 57 [50, 66] 58 [49, 68] 57 [50, 67]

Gender 1.000
Female 20 (18.5%) 11 (18.3%) 31 (18.5%)
Male 88 (81.5%) 49 (81.7%) 137 (81.5%)

Etiology 0.674
HBV 57 (52.8%) 35 (58.3%) 92 (54.8%)
HCV 24 (22.2%) 10 (16.7%) 34 (20.2%)
Other 27 (25.0%) 15 (25.0%) 42 (25.0%)

ECOG Performance Status 0.229
0 68 (63.0%) 44 (73.3%) 112 (66.7%)
1 40 (37.0%) 16 (26.7%) 56 (33.3%)

Tumor Size (cm) 0.008
Median [IQR] 5.6 [3.1, 8.4] 7.0 [4.8, 9.6] 5.9 [4.2, 8.8]

Tumor Number 0.81
Median [IQR] 3.0 [2.0, 3.0] 3.0 [2.0, 4.0] 3.0 [2.0, 3.0]

Macrovascular Invasion (MVI) 0.633
No 65 (60.2%) 33 (55.0%) 98 (58.3%)
Yes 43 (39.8%) 27 (45.0%) 70 (41.7%)

Extrahepatic Spread (EHS) 0.375
No 77 (71.3%) 47 (78.3%) 124 (73.8%)
Yes 31 (28.7%) 13 (21.7%) 44 (26.2%)

AFP (ng/mL) 0.083
Median [IQR] 107 [72, 200] 139 [91, 220] 123 [76, 206]

ALT (U/L) 0.162
Median [IQR] 35 [23, 54] 29 [16, 46] 33 [19, 52]

AST (U/L) 0.161
Median [IQR] 37 [21, 57] 43 [26, 78] 38 [23, 60]

Total Bilirubin (umol/L) <0.001
Median [IQR] 6.0 [5.0, 18.5] 16.9 [5.0, 78.5] 9.8 [5.0, 33.4]

Albumin (g/L) 0.938
Median [IQR] 38 [35, 42] 38 [35, 41] 38 [35, 41]

ALBI_Grade 0.011
Grade 1 43 (39.8%) 12 (20.0%) 55 (32.7%)
Grade 2/3 65 (60.2%) 48 (80.0%) 113 (67.3%)

Baseline SII 0.886
Median [IQR] 460 [300, 580] 440 [320, 620] 460 [300, 590]

Data are presented as number (percentage) for categorical variables and median [interquartile range]
for continuous variables. p-values were calculated using the Chi-square test or Fisher’s exact test for
categorical variables, and the Wilcoxon rank-sum test for continuous variables. A p-value < 0.05
indicates statistical significance. Abbreviations: SII, Systemic Immune-Inflammation Index; IQR,
Interquartile Range; HBV, Hepatitis B Virus; HCV, Hepatitis C Virus; ECOG PS, Eastern Coopera-
tive Oncology Group Performance Status; MVI, Macrovascular Invasion; EHS, Extrahepatic Spread;
AFP, Alpha-fetoprotein; ALT, Alanine Aminotransferase; AST, Aspartate Aminotransferase; ALBI,
Albumin-Bilirubin.

Survival Outcomes Stratified by Delta SII and ALBI
Grade

The Kaplan-Meier survival analysis was performed to
evaluate the prognostic value of Delta SII and ALBI grade.
As shown in Fig. 1A, patients in the High Delta-SII group

exhibited significantly inferior outcomes compared to those
in the Low Delta-SII group. The High Delta-SII group was
associated with a markedly shorter Overall Survival (OS)
(p < 0.0001) and Progression-Free Survival (PFS) (p <

0.0001). Similarly, the baseline hepatic reserve, assessed
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Table 2. Univariate and multivariate Cox proportional hazards’ regression analysis of prognostic factors for Overall Survival.

Characteristic
Univariate HR
(95% CI)

Univariate
p-value

Multivariate HR
(95% CI)

Multivariate
p-value

Age (years) 0.997 (0.98–1.01) 0.764
Gender (Male vs Female) 1.09 (0.655–1.83) 0.731
Etiology (HCV vs HBV) 0.917 (0.537–1.57) 0.751
Etiology (Other vs HBV) 1.22 (0.761–1.95) 0.411
ECOG PS 0.92 (0.6–1.41) 0.703
Tumor Size (cm) 1.13 (1.07–1.2) <0.001 1.10 (1.04–1.16) 0.001
Tumor Number 1.25 (1.05–1.5) 0.014 1.34 (1.10–1.63) 0.003
Macrovascular Invasion (Yes vs No) 1.37 (0.916–2.04) 0.126 1.64 (1.08–2.48) 0.019
Extrahepatic Spread (Yes vs No) 1.03 (0.655–1.63) 0.889
Log10AFP 1.06 (0.65–1.74) 0.809
ALBI Grade (Grade 2/3 vs 1) 3.2 (1.91–5.35) <0.001 2.76 (1.62–4.70) <0.001
Delta SII Group (High vs Low) 3.22 (2.15–4.84) <0.001 2.84 (1.86–4.33) <0.001
Univariate analysis included all baseline characteristics. Variables with a p-value< 0.10 in the univariate analy-
sis, along with clinically relevant covariates, were considered for inclusion in the multivariate analysis. p-values
< 0.05 were considered statistically significant in the multivariate model. Abbreviations: HR, Hazard Ratio; CI,
Confidence Interval; ECOG PS, Eastern Cooperative Oncology Group Performance Status; MVI, Macrovascu-
lar Invasion; AFP, Alpha-fetoprotein; ALBI, Albumin-Bilirubin; SII, Systemic Immune-Inflammation Index.

by ALBI grade, significantly stratified patient prognosis
(Fig. 1B). Patients with ALBI Grade 1 achieved superior
OS (p < 0.0001) and PFS (p = 0.0011) compared to those
with ALBI Grade 2 or 3. These results suggest that both
the dynamic change in immune-inflammation status (Delta
SII) and baseline liver function (ALBI grade) are robust de-
terminants of survival in patients with unresectable HCC
receiving TACE plus PD-1 inhibitors.

Identification of Independent Prognostic Factors
Univariate and multivariate Cox proportional hazards

regression analyses were performed to identify predictors of
overall survival (Table 2). In the univariate analysis, four
variables were found to be statistically significant: Tumor
Size (p < 0.001), Tumor Number (p = 0.014), ALBI Grade
(p < 0.001), and Delta SII Group (p < 0.001).

Variables with p < 0.10 in the univariate analysis or
with established clinical prognostic relevance were entered
into the multivariate model. The analysis confirmed that
Tumor Size (Hazard Ratio (HR): 1.10, 95% CI: 1.04–1.16,
p = 0.001) was an independent prognostic factor. Tumor
Number was also confirmed as an independent predictor
(HR: 1.34, 95% CI: 1.10–1.63, p = 0.003), with its mul-
tivariable estimate modestly exceeding the univariate esti-
mate (HR: 1.25). This pattern is consistent with a classical
suppression effect: in the univariate model, Tumor Num-
ber implicitly absorbed a portion of the mortality risk more
specifically attributable to MVI, a biologically correlated
variable not yet controlled for, thereby attenuating its ap-
parent effect size. Once MVI was independently adjusted
for in the multivariable model, the true independent prog-
nostic contribution of Tumor Number was more completely
estimated, resulting in a slightly higher and more precise

hazard ratio. This phenomenon does not indicate model
instability, but rather reflects the expected consequence of
appropriately adjusting for a biologically correlated covari-
ate. More importantly, baseline hepatic reserve and dy-
namic immune status demonstrated robust predictive value.
MVI was also identified as a prognostic factor (HR: 1.64,
95% CI: 1.08–2.48, p = 0.019). ALBI Grade 2/3 was as-
sociated with an approximately 2.8-fold increased risk of
mortality compared to Grade 1 (HR: 2.76, 95% CI: 1.62–
4.70, p < 0.001). Similarly, the High Delta-SII Group was
identified as a powerful independent risk factor (HR: 2.84,
95% CI: 1.86–4.33, p < 0.001), suggesting that an increas-
ing trend in SII during treatment is strongly indicative of
poor prognosis. Multicollinearity among covariates in the
multivariable Cox model was assessed using the variance
inflation factor (VIF); all VIF values were below 1.1 (Delta
SII: 1.039; ALBI Grade: 1.059; Tumor Size: 1.027; Tumor
Number: 1.068; MVI: 1.057), confirming the absence of
meaningful collinearity.

To evaluate potential information loss from the di-
chotomization of Delta SII, sensitivity analyses were per-
formed using Delta SII as a continuous linear term and as a
restricted cubic spline (RCS, 4 knots) in the multivariable
Cox model. The nonlinearity test was non-significant (p =
0.172), indicating that the relationship between Delta SII
and the log hazard of death is adequately captured by a lin-
ear function. The C-index of the continuous linear model
(0.752, SE: 0.024) was virtually identical to that of the bi-
nary model (0.752, SE: 0.023), and although the continuous
model achieved a marginally lower AIC (834.54 vs. 837.86
for the binary model), this did not translate into any mean-
ingful gain in discriminative performance. These analy-
ses confirm that dichotomization at the optimal cut-off of
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Fig. 2. Prognostic Nomogram for predicting 1- and 2-year Overall Survival (OS). The nomogram integrates five independent prog-
nostic factors: Tumor Size, Tumor Number, MVI, ALBI Grade, and Delta SII Group. To use the nomogram, locate the patient’s value
for each variable on the corresponding axis, draw a vertical line up to the “Points” axis to determine the score, and sum the scores
for all variables to obtain the “Total Points”. The predicted 1-year and 2-year survival probabilities can be estimated by projecting the
Total Points onto the bottom scales. Note: Delta SII Group and ALBI Grade demonstrate larger point ranges compared to tumor bur-
den metrics, indicating their substantial contribution to the prognostic model. Abbreviations: ALBI, Albumin-Bilirubin; SII, Systemic
Immune-Inflammation Index; OS, Overall Survival; MVI, Macrovascular Invasion.

32.7% does not result in clinically meaningful information
loss, while offering the practical advantage of a directly ac-
tionable bedside threshold.

Construction and Validation of the Prognostic
Nomogram

Based on the independent prognostic factors identi-
fied in the multivariate analysis including Tumor Size, Tu-
mor Number, MVI, ALBI Grade, and Delta SII Group, a
prognostic nomogram was established to predict 1- and 2-
year Overall Survival (OS) (Fig. 2). In this visual model,
each variable is assigned a specific score on the “Points”
scale. By summing the scores of these five variables, the
predicted survival probability can be determined. Notably,
visual inspection of the nomogram reveals that the Delta
SII Group and ALBI Grade make the largest contributions
to the prognostic model (spanning the widest range on the
point scale), followed by MVI, Tumor Size and Tumor
Number. This underscores the critical impact of dynamic
immune-inflammatory status and hepatic reserve on patient
survival, which appears to outweigh the influence of tumor
burden alone in this cohort.

The predictive performance of the nomogram was
comprehensively validated using three methods:

(1) Discrimination: The time-dependent ROC analy-
sis yielded an Area Under the Curve (AUC) of 0.804 (95%
CI: 0.737–0.872) for 1-year OS and 0.823 (95% CI: 0.756–
0.890) for 2-year OS (Fig. 3A), both indicative of good-to-
excellent discriminative performance. Notably, the 2-year
AUC was meaningfully higher than the 1-year AUC, the
point estimates are consistently higher at 2 years, suggest-
ing a progressive improvement in predictive accuracy rather
than a chance variation. This progressive improvement in
predictive accuracy over time diverges from the typical de-
cay pattern observed in conventional chemotherapy-based
prognostic models. We attribute this phenomenon to the bi-
ological nature of the two incorporated host factors: Delta
SII and ALBI grade are determinants of durable immuno-
logical response and hepatic resilience, which become in-
creasingly decisive for survival beyond the first year of
immunotherapy, consistent with the characteristic “long-
tail” survival pattern of checkpoint inhibitor-based treat-
ment [24]. In contrast, short-term mortality within the first
year is more heavily influenced by acute events, such as
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Fig. 3. Validation of the Nomogram. (A) Time-dependent ROC analysis. The ROC curves for 1-year (red line) and 2-year (blue line)
Overall Survival. The AUC values were 0.804 (95% CI: 0.737–0.872) and 0.823 (95% CI: 0.756–0.890), respectively, indicating good
discrimination. (B) Calibration curves. The calibration plots for 1-year (red) and 2-year (blue) Overall Survival. The x-axis represents
the nomogram-predicted survival probability, and the y-axis represents the actual observed survival probability. The diagonal dashed
line represents ideal prediction. The text box displays the AUC and Mean Absolute Error (MAE) for each time point. Abbreviations:
ROC, Receiver Operating Characteristic; AUC, Area Under the Curve.

post-TACE liver failure or early refractory tumor progres-
sion, that are less precisely captured by these biological
markers. To further demonstrate the incremental value of
the nomogram over individual components, a comparative
analysis against ALBI grade alone and tumor burden alone
is presented in Supplementary Tables 1,2.

(2) Calibration: The calibration curves for 1- and 2-
year OS revealed high consistency between the nomogram-
predicted probabilities and the actual observed survival
rates (Fig. 3B). TheMean Absolute Error (MAE) was 0.183
for 1-year prediction and 0.071 for 2-year prediction, indi-
cating that the model fits the data well.

(3) Clinical Utility: Decision Curve Analysis (DCA)
was performed to assess the net benefit of the nomogram.
As shown in Fig. 4, the nomogram (solid lines) provided a
higher net benefit compared to the “treat-all” (dashed lines)
or “treat-none” strategies across a wide range of threshold
probabilities for both 1- and 2-year predictions. This con-
firms the practical value of the nomogram in guiding clini-
cal decision-making.

Discussion

The advent of ICIs combined with locoregional thera-
pies, such as TACE, has revolutionized the treatment land-
scape for unresectable HCC. Despite these advances, the
heterogeneity in therapeutic response remains a formidable
clinical challenge. In this retrospective study, we con-
structed and validated a novel nomogram integrating tu-
mor burden, hepatic reserve (ALBI grade), and dynamic
immune-inflammatory changes (Delta SII). The model
demonstrated robust predictive accuracy, particularly for
long-term survival (2-year OS), highlighting a critical
paradigm shift: in the era of immunotherapy, the patient’s
systemic immune status and hepatic resilience may out-
weigh conventional tumor morphological characteristics in
determining outcomes.

A striking finding from our nomogram (Fig. 2) is the
hierarchical contribution of prognostic factors. Visual in-
spection of the point scales reveals that biological and func-
tional markers (Delta SII Group and ALBI Grade) span a
wider range of “Points” compared to morphological metrics
like Tumor Size and Tumor Number. Traditionally, staging
systems such as the BCLC have relied heavily on tumor
burden to dictate prognosis [25]. However, our results sug-
gest that for patients undergoing combination immunother-
apy, the “host factor”, specifically the immuno-hepatic mi-
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Fig. 4. Decision Curve Analysis (DCA). DCA for the nomogram predicting 1-year (red) and 2-year (blue) Overall Survival. The y-axis
measures the net benefit. The solid lines represent the nomogram model. The dashed lines represent the assumption that all patients
experience the event (“Treat All”). The grey horizontal line represents the assumption that no patients experience the event (“Treat
None”). The model showed positive net benefit across a wide range of threshold probabilities, indicating its clinical utility.

croenvironment, plays a more decisive role than the tumor
burden alone. This observation aligns with the mechanism
of PD-1 inhibitors, which rely on reinvigorating the host’s
existing immune cells rather than directly targeting cancer
cells [26,27]. Consequently, a patient harboring a smaller
tumor but with exhausted immune status (High Delta SII)
or compromised hepatic function (ALBI 2/3) may carry a
worse prognosis than one with a larger tumor burden but an
intact immune profile.

Liver function reserve remains the cornerstone of sur-
vival in HCC [28]. Unlike the Child-Pugh score, which
incorporates subjective variables, the ALBI grade offers
a strictly objective assessment of hepatic function [29].
Our multivariate analysis confirmed that ALBI grade 2/3
is a potent risk factor. This is biologically plausible, as

TACE induces ischemic necrosis, inevitably causing tran-
sient hepatic impairment [30]. In patients with limited
functional reserve (ALBI 2/3), this procedure-related stress,
combined with potential immune-mediated hepatotoxicity
(IMH) from PD-1 inhibitors, can precipitate liver failure or
prevent the administration of subsequent treatment cycles
[31]. As shown in our Kaplan-Meier analysis (Fig. 1B),
the separation between ALBI Grade 1 and 2/3 is distinct
and sustained, confirming that preserving liver function is
as crucial as controlling the tumor.

Beyond hepatic reserve, the dynamic evolution of the
SII proved to be a superior predictor compared to static
baseline values. While baseline SII failed to stratify risk
in our cohort, an increasing SII (High Delta-SII) during
treatment was strongly associated with poor OS and PFS
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(Fig. 1A). Mechanistically, this dynamic change likely re-
flects the interplay between TACE-induced hypoxia and the
immune response. TACE creates an ischemic tumor mi-
croenvironment that upregulates Hypoxia-Inducible Factor
1-alpha (HIF-1α), leading to the secretion of VEGF and
pro-inflammatory cytokines [32,33].

Moreover, the absence of a prognostic signal from
baseline SII, in contrast to the strong predictive value
of Delta SII, warrants mechanistic explanation. Baseline
SII reflects a patient’s chronic, pre-treatment inflammatory
steady state, which was relatively homogeneous in our co-
hort given the Child-Pugh A/B inclusion criterion. In con-
trast, Delta SII captures the magnitude of the acute inflam-
matory perturbation triggered by TACE through three si-
multaneous biological processes. First, TACE-induced is-
chemic necrosis upregulates HIF-1α, driving a surge in pro-
inflammatory cytokines which stimulate emergency gran-
ulopoiesis and megakaryocyte proliferation, elevating the
SII numerator. Second, TACE-induced endothelial in-
jury triggers rapid platelet activation, with released TGF-
β suppressesing lymphocyte effector function and reduc-
ing the SII denominator. Third, TACE-induced ischemia-
reperfusion injury exacerbates splenic sequestration of lym-
phocytes in patients with compromised hepatic reserve. Pa-
tients with insufficient biological resilience exhibit a per-
sistently elevated SII, whereas immunologically robust pa-
tients demonstrate efficient inflammatory resolution. Delta
SII therefore serves as a composite real-time readout of host
biological resilience under therapeutic stress, a dimension
of prognostic information invisible to any single time-point
measurement. It is this differential capacity for inflamma-
tory resolution that ultimately determines the host’s ability
to sustain durable anti-tumor immunity under PD-1 block-
ade.

Furthermore, in the context of a high Delta-SII,
platelets and neutrophils act as synergistic contributors
in tumor progression [34,35]. Activated platelets release
high levels of Transforming Growth Factor-beta (TGF-β),
which impairs CD8+ T-cell effector function and directly
antagonizes the therapeutic mechanism of PD-1 inhibitors
[36–38]. Simultaneously, platelets form a physical barrier
around circulating tumor cells, shielding them from natu-
ral killer (NK) cell-mediated lysis and promotingmetastasis
[39–41]. Concurrently, neutrophils release Neutrophil Ex-
tracellular Traps (NETs) that sequester tumor cells and pro-
tect them from cytotoxic T lymphocytes [42]. Thus, a rising
SII essentially signals the formation of a pro-tumorigenic
niche that physically and chemically blocks the anti-tumor
immunity induced by PD-1 inhibitors.

Intriguingly, our baseline characteristic analysis (Ta-
ble 1) unveiled a significant correlation between the High
Delta-SII group and poorer hepatic parameters (higher total
bilirubin and ALBI Grade 2/3), despite comparable base-
line SII levels. This observation points to a mechanistically
plausible “vicious cycle” between systemic inflammation

and hepatic decompensation that operates through several
interconnected pathways.

This correlation points to a bidirectional amplification
loop between hepatic dysfunction and systemic inflamma-
tion. On one hand, advanced liver dysfunction promotes
lymphocyte sequestration via portal hypertension-driven
hypersplenism and sustains neutrophilia through chronic
bacterial translocation and elevated pro-inflammatory cy-
tokines (IL-6, TNF-α), thereby elevating the SII [43–
47]. On the other hand, in the context of TACE-induced
ischemia-reperfusion injury, activated neutrophils release
reactive oxygen species (ROS) and proteolytic enzymes
that inflict direct parenchymal damage, while platelet-
derived TGF-β1 promotes hepatic fibrogenesis, further
compromising hepatic reserve [36,48]. This bidirectional
amplification loop explains why patients with pre-existing
ALBI Grade 2/3 are biologically predisposed to an exag-
gerated and sustained inflammatory surge following TACE,
making Delta SII a composite surrogate of the host’s overall
physiological resilience rather than a purely immunological
marker.

A legitimate concern is whether High Delta SII merely
reflects a more advanced disease state, characterized by
greater tumor burden and more compromised hepatic re-
serve, rather than constituting an independent biological
risk factor. Several lines of evidence argue against a
purely epiphenomenal interpretation. First, in the mul-
tivariable Cox regression model, Delta SII retained its
independent prognostic significance (HR: 2.84, 95% CI:
1.86–4.33) after simultaneous adjustment for tumor size,
tumor number, and ALBI grade, indicating that its pre-
dictive value is not simply a proxy for these established
risk factors. Second, and critically, baseline SII, which
was measured at the same clinical severity state as ALBI
grade and tumor burden, showed no significant differ-
ence between groups (p = 0.886) and failed to stratify
prognosis in our cohort. This dissociation between base-
line SII and Delta SII directly demonstrates that it is the
treatment-induced dynamic change in systemic immune-
inflammation, rather than the static level of pre-existing
disease severity, that confers independent prognostic infor-
mation. Third, the interaction between TACE-induced is-
chemic stress and the host immune-inflammatory response
is a biologically distinct event that occurs after treatment
initiation and therefore cannot be fully anticipated or sub-
sumed by pre-treatment staging metrics. Collectively, these
findings support Delta SII as a genuinely independent,
treatment-responsive biomarker rather than a surrogate of
baseline disease burden.

A unique strength of our nomogram is its time-
dependent performance characteristics. As illustrated in the
time-dependent ROC analysis (Fig. 3A), the AUC for 2-
year OS (0.823) was noticeably superior to that for 1-year
OS (0.804). This phenomenon diverges from traditional
chemotherapy models, where predictive accuracy typically
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decays over time, but it is highly consistent with the “long-
tail effect” characteristic of immunotherapy survival curves
[24]. Short-term mortality (1-year) in this population is
more heavily influenced by acute procedural events, such
as post-TACE hepatic decompensation or early refractory
tumor progression, which are inherently less well captured
by biological markers of host immune and hepatic reserve.
As a result, the prognostic signal contributed by Delta SII
and ALBI grade is partially diluted at the 1-year land-
mark by these acute confounders. In contrast, long-term
survival beyond one year becomes increasingly contingent
upon the patient’s durable immunological capacity and hep-
atic resilience, domains that Delta SII and ALBI grade are
specifically designed to reflect. Our nomogram, by heavily
weighting Delta SII and ALBI, effectively captures these
determinants of long-term stability. The excellent calibra-
tion curves (Fig. 3B) further validate that our model accu-
rately predicts these probabilities without significant over-
fitting. The relatively higher calibration error at 1 year
(MAE: 0.183) compared to 2 years (MAE: 0.071) may re-
flect the limited number of early mortality events available
for 1-year calibration estimation, as well as the greater in-
fluence of acute treatment-related confounders in the short-
term survival trajectory.

However, statistical significance does not always
translate to clinical utility. To address this, we employed
Decision Curve Analysis (DCA). As shown in Fig. 4, the
nomogram provided a net benefit superior to both the “treat-
all” and “treat-none” strategies across a wide range of
threshold probabilities (approximately 20% to 80%). This
wide actionable range indicates that the model is clinically
useful for diverse decision-making scenarios. For instance,
in patients with a high predicted mortality risk (High Delta
SII + ALBI 2/3), clinicians might consider closer radio-
logic surveillance, earlier switch to systemic monotherapy
to avoid TACE-induced liver damage, or enrollment in clin-
ical trials testing alternative mechanisms of action. The
modest increase in the HR for Tumor Number from uni-
variate (HR: 1.25) to multivariable analysis (HR: 1.34) re-
flects a suppression effect attributable to the collinearity be-
tween Tumor Number and MVI. In the univariate model,
part of the mortality risk specific to MVI was implicitly ab-
sorbed by Tumor Number; once MVI was independently
controlled for in the multivariable model, the true indepen-
dent prognostic contribution of Tumor Number was more
completely estimated.

This study has several limitations that should be con-
sidered when interpreting the findings. First, the retrospec-
tive single-institution design limits external generalizabil-
ity, and the absence of an independent external validation
cohort remains a significant drawback; we attempted tomit-
igate this through rigorous 500-bootstrap internal validation
and confirmation of adequate events per variable. Second,
as a consequence of the retrospective data collection ap-
proach, three treatment-related variables were not system-

atically documented: the specific TACE modality (cTACE
vs. DEB-TACE), the cumulative number of TACE ses-
sions administered, and the proportion of patients receiving
concomitant tyrosine kinase inhibitors. Nevertheless, we
note that the primary prognostic determinants in our model
(ALBI grade and Delta SII) reflect intrinsic hepatic func-
tional reserve and systemic immune-inflammatory balance,
respectively. These are host biological characteristics that
are established prior to and independently of any specific
pharmacological co-intervention, making them less suscep-
tible to directional confounding by TKI co-administration.
While we cannot formally exclude a degree of residual con-
founding, the directional validity of the reported prognostic
associations is unlikely to be fundamentally altered. Future
prospective studies should prespecify and document con-
comitant systemic therapies to allow formal interaction test-
ing.

While we acknowledge that these unmeasured vari-
ables represent potential sources of residual confounding,
several considerations suggest that TACE modality hetero-
geneity is unlikely to fundamentally invalidate the core
findings. First, modality selection in our cohort was driven
by objective tumor vascular anatomy: tumors with well-
defined hypervascular feeders were more likely to receive
DEB-TACE, whereas those with complex or diffuse vas-
cularity received cTACE. This anatomical selection crite-
rion is not systematically correlated with ALBI grade or
Delta SII, both of which reflect intrinsic host physiology
rather than tumor vascularity. Second, published meta-
analyses have not demonstrated significant differences in
overall survival between cTACE and DEB-TACE in unre-
sectable HCC, suggesting that modality heterogeneity is un-
likely to exert a directional bias on survival outcomes in the
present cohort. These unmeasured variables represent po-
tential sources of treatment heterogeneity that could not be
formally adjusted for in the multivariable model. While we
believe the core prognostic associations of ALBI grade and
Delta SII are biologically robust (given that both markers
reflect intrinsic host physiology rather than procedure-level
technical factors) we cannot exclude a degree of residual
confounding. Third, the cohort exclusively received tori-
palimab as the PD-1 inhibitor. While this reduces pharma-
cological heterogeneity within the study, it limits the direct
applicability of the nomogram to settings where alternative
PD-1 inhibitors are employed. Future prospective multi-
center studies should prespecify TACE modality, cumula-
tive treatment cycles, and concomitant systemic therapies
as stratification or adjustment variables, and should enroll
patients across multiple PD-1 inhibitor regimens to estab-
lish the broader generalizability of these findings.

Furthermore, the exact blood draw date relative to the
treatment cycle was not systematically recorded in the ret-
rospective dataset, precluding a formal quantitative sen-
sitivity analysis of intra-window sampling timing effects
on Delta SII; this should be addressed in future prospec-
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tive studies. Also, radiological progression was assessed
through routine clinical review rather than formal blinded
independent dual-reader evaluation, which may introduce
a degree of ascertainment variability; prospective studies
should prespecify a blinded central imaging review process.
Additionally, the total number of initially screened patients
could not be precisely ascertained due to the absence of a
prospective screening log during the study period, which
limits full enrollment transparency; future prospective stud-
ies should maintain formal screening logs in accordance
with STROBE reporting guidelines.

Conclusion

In conclusion, the dynamic change in SII, combined
with ALBI grade, serves as a powerful prognostic tool for
unresectable HCC patients receiving TACE plus PD-1 in-
hibitors. We developed a user-friendly nomogram that vi-
sually prioritizes biological function over tumor morphol-
ogy. This tool shows exceptional performance in predict-
ing long-term survival, offering clinicians a practical guide
to identify patients who are most likely to achieve durable
benefits from this combination therapy.
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