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Purpose: The spleen serves as an important immune organ which influences the anti-tumor immune response by modulating the 
immune microenvironment. This study investigated the prognostic impact of spleen volume (SV) on the survival in hepatocellular 
carcinoma (HCC) patients receiving immune checkpoint inhibitors (ICIs).
Patients and Methods: This retrospective study included 224 HCC patients treated with ICIs, categorized into Higher and Lower 
SV groups by median SV and further into SV increased and Non-SV increased groups based on changes in SV at 3 months after ICIs. 
Kaplan-Meier curves and Cox regression models were used to evaluate the influence of SV and clinical indicators on progression-free 
survival (PFS) and overall survival (OS). Independent prognostic factors identified via multivariate analysis were incorporated into 
nomograms, with their accuracy assessed using concordance index (C-index), time-dependent receiver operating characteristic (ROC) 
and calibration curves. Restricted cubic spline (RCS) analysis was conducted to assess the relationship between baseline SV and 
survival.
Results: The Higher SV and SV increased groups demonstrated shorter PFS and OS compared to the Lower SV and Non-SV increased 
groups, respectively. These results were consistent with different regimens in the Child A. The C-index of nomogram for PFS were 
0.700 (0.678–0.721) and OS 0.733(0.709–0.757). The ROC and calibration curves confirmed robust discrimination and predictive 
accuracy of models. RCS analysis revealed a nonlinear association between baseline SV and survival risk, providing a more 
comprehensive overview of SV in relation to survival in HCC patients treated with ICIs.
Conclusion: The baseline SV and its relative change at three months after treatment are expected to become routine imaging makers 
for predicting survival in HCC patients receiving ICIs, which consequently contributes to their clinical management.
Keywords: spleen volume, hepatocellular carcinoma, immune checkpoint inhibitors, survival, nomogram

Introduction
Hepatocellular carcinoma (HCC) is the most common tumor of primary liver cancer, accounting for approximately 
75–85% of all cases.1 The incidence of HCC has increased rapidly in recent years, and currently more than half of the 
new cases diagnosed worldwide are from China.2 With the advancement of therapeutic technology, tumor immunother-
apy has made important breakthroughs, and a variety of immune checkpoint inhibitors (ICIs) have become an important 
therapeutic option for patients with advanced HCC.3 The ICIs, such as anti-PD-1, anti-PD-L1, and anti-CTLA-4, are 
monoclonal antibodies that help the immune system target tumors by blocking inhibitory signals between tumor and 
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immune cells. Despite their effectiveness in HCC patients, there is considerable individual variability in response, with 
some patients experiencing immune resistance or adverse immune-related events. Thus, finding markers to predict ICI 
efficacy is crucial for optimizing patient treatment plans.4 Therefore, identifying markers that are able to predict the 
efficacy of ICIs is essential to optimize the treatment regimen for patients.

The spleen is an important organ in the immune system and contains several subpopulations of immune cells which 
participate in a variety of immune responses and pathophysiologic processes.5 Previous studies showed that patients with 
splenomegaly may have splenic dysfunction and imbalance of the immune microenvironment.6 There were many 
previous studies that showed the importance of SV in predicting the prognosis of tumor patients undergoing curative 
and palliative treatments.7–9 The SV is an important predictor of postoperative survival and risk of postoperative liver 
failure in patients with HCC.8 Splenomegaly predicts survival in patients with advanced primary liver cancer treated with 
ICIs.10 Furthermore, increased SV predicted overall survival (OS) and progression-free survival (PFS) in metastatic renal 
cancer patients receiving ICIs.11

Computed tomography (CT) is a routine imaging technique for HCC patients in clinical practice,12 enabling easy 
measurement of SV. There is potential to fully integrate splenic volumetric measurements into routine radiologic 
workflow. However, few studies explored the clinical manual measurement of SV on the prognosis of HCC patients 
receiving ICIs. Therefore, the main objective of this study was to explore the prognostic value of manual measurement of 
SV at baseline and 3 months of ICIs treatment in patients with HCC, in the expectation of providing new perspectives for 
clinical individualized treatment.

Materials and Methods
Patients
This study retrospectively included 224 hCC patients receiving ICIs during July 2020 to December 2023 at Union 
Hospital of Tongji Medical College, China. Inclusion criteria comprised (1) patients diagnosed with HCC according to 
the European Association for the Study of the Liver (EASL) criteria;13 (2) Child-Pugh A or B; (3) older than 18 years of 
age; (4) all patients receiving first-line therapy including ICIs; (5) follow up period more than 3 months, and (6) 
undergoing an abdominal CT examination prior to the first treatment with ICIs. Exclusion criteria were (1) combination 
with other primary tumors, (2) having undergone splenectomy, (3) Child-Pugh class C, and (4) incomplete clinical or 
imaging data. The study was approved by the Research Ethics Committee of Tongji Medical College, Huazhong 
University of Science and Technology (Institutional Review Board No. S188). The study followed good clinical practice 
and the declaration of Helsinki. The methodology of this study was in accordance with the guidelines for Strengthening 
the Reporting of Observational Studies in Epidemiology (STROBE).14

CT Imaging Strategies
All patients underwent CT scanning of the abdomen before and at three months of treatment with ICIs. The patients were 
required to fast for 8 hours before scanning. The scans were performed using a 128-row CT scanner (SIEMENS 
SOMATOM Definition AS+, Siemens Healthcare, Germany) with the following parameters: electron tube voltage of 
120 kV, automatic milliamp technology for electron tube current, layer thickness and layer spacing of 1.5 mm, and matrix 
of 512×512. During the scanning process, the patient was placed in the supine position, and the scanning area included 
the upper abdomen.

SV Measurement
The gold standard definition of splenomegaly is based on spherical weight, but it is difficult to accurately assess splenic 
weight in clinical practice. CT and magnetic resonance imaging (MRI) provide easy and accurate methods of assessing 
splenic size. Two radiologists with 10 years of experience in abdominal radiology used the PACS system to measure 
spleen size and calculated SV using the following formula:15
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The W is the maximum diameter of the spleen in any cross-section. T is the maximum distance between the inner and 
outer edges of the spleen in a plane perpendicular to the widest part of the spleen. L is the distance between the inner and 
outer edges of the spleen in a plane perpendicular to the width of the spleen and through the splenic hilum (Figure 1). The 
final SV result was the average of measurements by two radiologists, with consistency checked using the intraclass 
correlation coefficient (ICC). Discrepancies were resolved through discussion and consensus. The change in SV at three 
months after the first ICIs treatment was assessed by the formula, and A change in SV of >10% is considered an increase 
or decrease.

Data Collection and Follow-up
Patients’ electronic medical records provided baseline data on age, sex, body mass index (BMI), smoking history, 
drinking history, HBV infection history, Barcelona Clinical Liver Cancer (BCLC) stage, Child-Pugh classification, 
Eastern Cooperative Oncology Group physical status (ECOG PS), portal vein tumor thrombosis (PVTT), and laboratory 
tests. Based on the Modified Response Evaluation Criteria in Solid Tumors (mRECIST) guideline,16 tumor response was 
classified as complete response (CR), partial response (PR), stable disease (SD), or disease progression (PD). PFS was 
the time from treatment initiation to disease progression which was determined by reviewing the electronic medical 
record, while OS was the time from treatment initiation to death or the last follow-up visit which was determined by 
telephone follow-up. The main indication for ICIs treatment is Child A patients, and the study also simply explored the 
prognosis significance of SV using different therapy regimens in this population.

Statistical Analysis
Continuous variables were summarized as mean (SD) or median (IQR) and compared using the t-test or Wilcoxon rank- 
sum test. Categorical variables were presented as counts (percentages) and compared with the chi-square test. Baseline 
SV was divided using the median. PFS and OS differences between groups were assessed with Kaplan-Meier curves and 
Log rank tests. Variables with P < 0.1 in univariate analysis were included in the multivariate Cox regression model. 
Nomograms for 6, 9, and 12-month PFS and OS were developed using multivariate Cox regression analysis. Their 
accuracy was assessed with the concordance index (C-index) and time-dependent ROC curves. Calibration curves 
compared predicted and observed survival probabilities. A forest plot showed PFS and OS hazard ratios by subgroup. 
Restricted cubic spline (RCS) analyzed the link between baseline SV and survival. All tests were two-tailed with 
significance at P<0.05. All analyses in this study were performed using the SPSS software (version 25.0, SPSS Inc., 
Chicago, IL, USA) and R version 4.3.0 (R Foundation).

Figure 1 An 84- year-old man with hepatocellular carcinoma receiving ICIs. The (A) shows the width (yellow) and thickness (red) of the spleen, and the (B) shows the 
length (blue).
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Results
Baseline Characteristics of Patients
The study ultimately included 224 hCC patients treated with ICIs (including 112 Lower SV and 112 Higher SV). Table 1 
demonstrates that there were no significant differences in either their baseline demographic or clinical characteristics (all 
P>0.05). Of the HBV (-) patients in this study, 24 were infected with HCV, 32 with nonalcoholic steatohepatitis/ 
nonalcoholic fatty liver disease, 22 with alcoholic liver disease, 20 with other diagnosed etiologies (eg, diabetes mellitus 
or autoimmune hepatitis), 7 were exposed to aflatoxins, and 30 had no known etiologies. The specific treatment regimens 
were ICIs combined with tyrosine kinase inhibitors (TKIs) in 137 patients and ICIs combined with bevacizumab in 87 

Table 1 Baseline Characteristics of Patients

Characteristic Total (n=224) Lower SV (n=112) Higher SV (n=112) P value

Age (years) 0.169

<60 138 (61.6%) 64 (57.1%) 74 (66.1%)

≥60 86 (38.4%) 48 (42.9%) 38 (33.9%)

Sex 0.611

Female 43 (19.2%) 20 (17.9%) 23 (20.5%)

Male 181 (80.8%) 92 (82.1%) 89 (79.5%)

BMI (kg/m2) 23.1 (20.8, 25.4) 23.2 (20.5, 26.1) 23.1 (20.9, 24.9) 0.842

HBV infection 0.339

No 135 (60.3%) 71 (63.4%) 64 (57.1%)

Yes 89 (39.7%) 41 (36.6%) 48 (42.9%)

Tumor diameter (cm) 7.4 (4.4, 10.7) 6.7 (3.8, 10.2) 8.35 (5, 10.8) 0.111

Tumor number 0.863

≤3 183 (81.7%) 92 (82.1%) 91 (81.2%)

>3 41 (18.3%) 20 (17.9%) 21 (18.8%)

PVTT 0.092

No 167 (74.6%) 89 (79.5%) 78 (69.6%)

Yes 57 (25.4%) 23 (20.5%) 34 (30.4%)

Lymph node metastasis 0.067

No 179 (79.9%) 95 (84.8%) 84 (75%)

Yes 45 (20.1%) 17 (15.2%) 28 (25%)

BCLC stage, 0.228

B 105 (46.9%) 57 (50.9%) 48 (42.9%)

C 119 (53.1%) 55 (49.1%) 64 (57.1%)

Child-Pugh 0.837

A 197 (87.9%) 98 (87.5%) 99 (88.4%)

B 27 (12.1%) 14 (12.5%) 13 (11.6%)

(Continued)
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patients. Of the Child A patients, 120 received ICIs in combination with TKIs, 77 underwent ICIs combined with 
bevacizumab. In addition, Table S1 showed no significant differences in clinical and laboratory indicators between 150 
Non-SV increased and 74 SV increased patients after 3 months of ICIs treatment.

Baseline SV Threshold and Changes in SV
The baseline SV (ICC: 0.98, 95% CI, 0.96–0.99) and SV at three months posttreatment (ICC: 0.96, 95% CI, 0.95–0.97) 
showed excellent interobserver agreement. The median cutoff value for SV in this study was 245.85 mL, which 
ultimately divided 112 patients in the Lower SV group and 112 patients in the Higher SV group. The median SV 
change rate was 3.31% at three months post-ICI treatment. An SV change of ≥10% indicated an increase or decrease, 

Table 1 (Continued). 

Characteristic Total (n=224) Lower SV (n=112) Higher SV (n=112) P value

ECOG PS 0.633

0 173 (77.2%) 88 (78.6%) 85 (75.9%)

≥1 51 (22.8%) 24 (21.4%) 27 (24.1%)

Smoking 0.123

No 168 (75%) 89 (79.5%) 79 (70.5%)

Yes 56 (25%) 23 (20.5%) 33 (29.5%)

Drinking 0.847

No 193 (86.2%) 96 (85.7%) 97 (86.6%)

Yes 31 (13.8%) 16 (14.3%) 15 (13.4%)

Types of ICIs

PD-1 208 (92.9%) 106 (94.6%) 102 (91.1%) 0.299

PD-L1 16 (7.1%) 6 (5.4%) 10 (8.9%)

NLR 2.4 (1.7, 3.3) 2.3 (1.6, 3.2) 2.4 (1.8, 3.5) 0.187

PLR 117.9 (90.2, 161.7) 118.2 (89.8, 164.5) 117.9 (91.8, 160.5) 0.984

ALT (U/L 34 (22, 59.3) 35.5 (21.8, 62) 33 (22, 53.5) 0.611

AST (U/L) 43 (29, 73.3) 44 (29.8, 76.5) 42 (28.8, 67.3) 0.275

Hemoglobin (g/L) 129 (116, 141) 129 (114.8, 140.3) 129 (118.8, 142.3) 0.727

PT (s) 13.7 (13.1, 14.5) 13.6 (13.2, 14.5) 13.7 (13.1, 14.5) 0.787

Creatinine (μmol/L) 65.7 (56.5, 74.3) 65.4 (56.5, 73.9) 67 (56.5, 74.5) 0.577

Urea nitrogen (mmol/L) 4.6 (3.5, 5.8) 4.5 (3.4, 5.7) 4.8 (3.5, 5.9) 0.278

ALBI score −2.3 (0.5) −2.3 (0.5) −2.3 (0.5) 0.187

AFP level (ng/mL) 1.000

<400 146 (65.2%) 73 (65.2%) 73 (65.2%)

≥400 78 (34.8%) 39 (34.8%) 39 (34.8%)

Abbreviations: SV, Spleen volume; BMI, Body mass index; HBV, hepatitis B virus; PVTT, portal vein tumor thrombosis; 
BCLC, Barcelona Clinic Liver Cancer; ECOG PS, Eastern Cooperative Oncology Group Physical Status; ICIs, immune 
checkpoint inhibitors; NLR, Neutrophil to lymphocyte ratio; PLR, Platelet to lymphocyte ratio; ALT, Alanine transaminase, 
AST, Aspartate transaminase; PT, prothrombin time, ALBI, Albumin-Bilirubin, AFP, alpha-fetoprotein.
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with 74 patients (33.0%) showing increased SV, 21 patients (9.4%) showing decreased SV, and 129 patients (57.6%) 
showing no significant change. Patients with no significant SV change and decreased SV were categorized as the Non-SV 
increased group.

Tumor Response
The Table S2 showed the tumor response in the Lower SV group and the Higher SV. The ORR (15.2% vs 42.9%, P< 0.001) 
and DCR (58% vs 89.3%, P< 0.001) were lower in the Higher SV group compared with the Lower SV group. In addition, 
there was no significant difference in ORR and DCR between Non-SV increased group and SV increased group (Table S3). 
Meanwhile, Figure 2A showed the waterfall plot of percent change of SV in HCC patients.

Survival Analysis
A total of 129 patients had died by the time of analysis, the median PFS of 6.9 months (95% CI [6.1–8.7]) and a median 
survival time of 14 months (95% CI [12.8–16.8]) in all patients. The KM curves showed shorter PFS (4.5 vs 9.9 months, 
P<0.001, Figure 3A) and OS (12.6 vs 17 months, P=0.010, Figure 3B) in the Higher SV group compared to the Lower 
SV group. The KM curves also indicated shorter PFS (4.6 vs 8.5 months, P<0.001, Figure 3C) and OS (11.9 vs 16 
months, P<0.001, Figure 3D) in the SV increased group compared to the Non-SV increased group after three months of 
ICIs treatment. Meanwhile, Figure 2B demonstrated the heatmap of the relationship between SV and clinical character-
istics with OS for each patient.

To provide additional clinical insights, additional exploration was performed in the Child A patients. Patients were 
divided into SV increased and SV decreased groups using 0% SV change as a cut point. In Child A patients, PFS and OS 
were shorter in the Higher SV and SV increased groups than in the Lower SV and Non-SV increased/SV decreased 
groups using >10% or 0% SV change as cut points (all P values <0.05, Figure S1). Figures S2 and S3 showed that using 
different treatment regimens in the Child A patients. Higher SV and SV increased groups demonstrated shorter PFS 
compared to the Lower SV (ICIs combined with TKIs, 6.2 vs 8.9 months, P=0.008, ICIs combined with bevacizumab, 2 
vs.10.2 months, P<0.001) and Non-SV increased (ICIs combined with TKIs, 5.1 vs 8.7 months, P=0.024, ICIs combined 
with bevacizumab, 3.3 vs 8.3 months, P=0.004) groups, respectively. Higher SV and SV increased groups demonstrated 
shorter OS compared to the Lower SV (ICIs combined with TKIs, 14 vs 17.8 months, P=0.023, ICIs combined with 
bevacizumab, 11.9 vs.15.6 months, P=0.015) and Non-SV increased (ICIs combined with TKIs, 12.9 vs 17.4 months, 
P=0.002, ICIs combined with bevacizumab, 9.7 vs 15.6 months, P=0.005) groups, respectively. Meanwhile, in Child 
A patients with different treatment regimens using 0% SV change as cut point, it was found that PFS (ICIs combined 
with TKIs, 6.4 vs 11 months, P=0.008, ICIs combined with bevacizumab, 4.8 vs 10.2 months, P=0.009) and OS (ICIs 
combined with TKIs, 14.6 vs 17.6 months, P=0.012, ICIs combined with bevacizumab, 10.6 vs 15.6 months, P=0.016) 
were shorter in the SV increased group than in the SV decreased group, respectively.

Univariate and Multivariate Analyses
Univariate analysis showed that age, PVTT, Lymph node metastasis, BCLC stage, smoking, AFP level, baseline SV group 
and change of SV group were potential predictors of PFS in HCC patients treated with ICIs (Table S4). PVTT, BCLC stage, 
AFP level, baseline SV group and change of SV group were potential predictors of their OS (Table 2). Multivariate analysis 
showed that BCLC-C stage, AFP level ≥400ng/mL were independent risk factors for PFS and OS. Both higher SV group 
and increased SV group correlated with shorter PFS (HR: 2.45,95% CI: 1.77–3.38, P< 0.001; HR: 2.04, 95% CI: 1.45–2.86, 
P< 0.001) and OS (HR: 1.94,95% CI: 1.34–2.80, P< 0.001; HR: 2.34, 95% CI: 1.61–3.40, P< 0.001). In Child A patients 
with 0% SV change as a cut point, multivariate analysis also showed that both higher SV group and SV increased group 
correlated with shorter PFS (HR: 2.10,95% CI: 1.49–2.96, P< 0.001; HR: 1.97, 95% CI: 1.34–2.89, P< 0.001) and OS (HR: 
1.60,95% CI: 1.08–2.38, P= 0.020; HR: 2.55, 95% CI: 1.59–4.08, P< 0.001) (Tables S5 and S6).

Nomograms and Accuracy Evaluation
Independent prognostic factors identified via multivariate analysis were incorporated into nomograms of PFS (Figure 4A) 
and OS (Figure 4B). The C-indexes of the nomograms for PFS and OS prediction were 0.700 (0.678–0.721) and OS 
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Figure 2 Waterfall plot (A) of percent change of spleen volume and heatmap (B) of the relationship between SV and clinical characteristics with OS for each patient.
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0.733(0.709–0.757), respectively. The performance of nomogram for clinical prediction was evaluated using the area 
under the time-dependent receiver operating characteristic (ROC) curve (AUC). The AUCs were 0.760 (95% CI: 
0.696–0.825), 0.747 (95% CI: 0.675–0.818), and 0.698 (95% CI: 0.601–0.794) at 6, 9 and 12 months of PFS 
(Figure 4C), respectively. The AUCs were 0.870 (95% CI: 0.780–0.960), 0.830 (95% CI: 0.762–0.899), and 0.741 

Figure 3 Kaplan-Meier curves of baseline SV and relative change in SV at three months after treatment. The KM curves of PFS (A) and OS (B) for Lower SV group (blue) 
and Higher SV group (red). The KM curves of PFS (C) and OS (D) for Non-SV increased group (blue) and SV increased group (red).

Table 2 Univariate and Multivariate Cox Proportional Hazards Analyses of OS

Characteristic Univariate Analysis Multivariate Analysis

Hazard Ratio (95% CI) P value Hazard Ratio (95% CI) P value

Age (years)

<60 Reference
≥60 0.898 (0.619–1.304) 0.573

Sex

Female Reference
Male 1.390 (0.869–2.225) 0.170

BMI (kg/m2) 1.028 (0.974–1.085) 0.321

HBV infection
No Reference

Yes 0.885 (0.619–1.267) 0.505

(Continued)
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Table 2 (Continued). 

Characteristic Univariate Analysis Multivariate Analysis

Hazard Ratio (95% CI) P value Hazard Ratio (95% CI) P value

Tumor diameter (cm) 1.008 (0.971–1.047) 0.668

Tumor number
≤3 Reference

>3 0.723 (0.459–1.138) 0.161

PVTT
No Reference Reference

Yes 1.555 (1.086–2.227) 0.016 0.910 (0.598–1.384) 0.660

Lymph node metastasis
No Reference

Yes 1.122 (0.746–1.686) 0.581

BCLC stage
B Reference Reference

C 1.988 (1.350–2.927) < 0.001 1.882 (1.208–2.932) 0.005
Child-Pugh

A Reference

B 1.338 (0.775–2.310) 0.296

ECOG PS
0 Reference

≥1 1.164 (0.754–1.795) 0.493

Smoking
No Reference

Yes 1.368 (0.929–2.015) 0.113

Drinking
No Reference

Yes 0.834 (0.510–1.361) 0.467

NLR 1.058 (0.968–1.155) 0.213
PLR 1.001 (0.999–1.003) 0.249

ALT(U/L) 1.001 (1.000–1.002) 0.217

AST(U/L) 1.001 (1.000–1.001) 0.193
Hemoglobin (g/L) 0.996 (0.988–1.005) 0.383

PT (s) 1.041 (0.906–1.196) 0.568

Urea nitrogen (mmol/L) 0.938 (0.846–1.040) 0.224
Creatinine (μmol/L) 1.001 (0.988–1.015) 0.885

AFP level (ng/mL)

<400 Reference Reference
≥400 2.407 (1.687–3.435) < 0.001 2.395 (1.641–3.496) < 0.001

ALBI score

Baseline SV group
Lower SV Reference Reference

Higher SV 1.588 (1.112–2.267) 0.011 1.937 (1.339–2.800) < 0.001
Change of SV group

Non-SV increased Reference Reference

SV increased 2.200 (1.518–3.188) < 0.001 2.339 (1.612–3.395) < 0.001

Abbreviations: SV, Spleen volume; OS, overall survival; BMI, Body mass index; HBV, hepatitis B virus; PVTT, portal vein 
tumor thrombosis; BCLC, Barcelona Clinic Liver Cancer; ECOG PS, Eastern Cooperative Oncology Group Physical Status; 
ICIs, immune checkpoint inhibitors; NLR, Neutrophil to lymphocyte ratio; PLR, Platelet to lymphocyte ratio; ALT, Alanine 
transaminase, AST, Aspartate transaminase; PT, prothrombin time, ALBI, Albumin-Bilirubin, AFP, alpha-fetoprotein; CI, 
confidence interval.
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(95% CI: 0.661–0.821) at 6, 9 and 12 months of OS (Figure 4D), respectively. The calibration plots of the prognostic 
nomograms in predicting 6, 9 and 12 months PFS (Figure 4E) and OS (Figure 4F) demonstrated good coincidences 
between the estimated risk and observed risk.

Subgroup Analysis
Subgroup analyses based on baseline characteristics of 224 patients before and after treatment, respectively, showed 
relatively consistent results for PFS and OS. Except for with HBV infection, with PVTT, and the PD-L1-usage 

Figure 4 Nomograms predicting PFS (A) and OS (B) at 6, 9, and 12 months. Time-dependent ROC curves to assess the discrimination for PFS (C) and OS (D) of 
nomograms. Calibration curves for PFS (E) and OS (F) of nomograms.
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subgroups, the risk of short PFS was higher in the Higher SV than in the Lower SV (Figure S4). In the subgroup with 
smoking, there was a trend toward a higher risk of short PFS in patients with Higher SV compared to Lower SV. 
Subgroup analysis of OS demonstrated that Higher SV was correlated with shorter OS in groups of age <60 years, 
females, without HBV infection, tumor number <3, with PVTT, with lymph node metastasis, BCLC-C stage, Child-Pugh 
A, ECOG PS of 0, no smoking, no drinking, PD-1useage, AFP ≥400ng/mL (Figure S5). In addition, the SV increased 
group showed a significantly higher risk of shorter PFS compared to the Non-SV increased group in most subgroups, 
with the exception of with HBV infection, with lymph node metastasis, Child-Pugh B, ECOG PS of ≥1, with drinking 
and PD-L1 usage (Figure S6). Except for the tumor number >3, Child-Pugh B, ECOG PS of ≥1, with drinking and PD- 
L1 usage groups, the risk of short OS was higher in the SV increased than in the Non-SV increased (Figure S7).

RCS Analysis
The RCS analysis showed a significant nonlinear relationship between baseline SV and risk of PFS (P for nonlinear 
<0.001, Figure 5A) and OS (P for nonlinear=0.005, Figure 5B) in HCC patients receiving ICIs. We could also observe 
that patients had an increased risk of survival when the baseline SV was 245.85mL.

Discussion
This study revealed that SV affected the survival of HCC patients treated with ICIs. The Higher SV and SV increased 
groups had shorter OS than the Lower SV and Non-SV increased groups, respectively. These results were consistent with 
different regimens in the Child A. And the nomograms developed on the independent prognostic factors identified by 
multivariate regression well predicted the survival of patients at 6, 9, and 12 months. There was a significant nonlinear 
relationship between baseline SV and survival of HCC patients treated with ICIs. Therefore, baseline SV and its relative 
changes were expected to be imaging markers for the prognosis of HCC patients treated with ICIs, which could guide the 
clinicians to make prompt adjustments for their treatment regimens.

To the best of our knowledge, this was the first study to explore the prognostic impact of manually measured baseline 
SV and SV changes at 3 months after initial ICIs treatment in HCC patients, integrating these parameters into 
nomograms. The spleen is rich in various immune cell subpopulations, with fluctuation of its volume reflecting change 
in the number of immune cells in the body.6,17 Previous studies showed that baseline SV was a relevant prognostic factor 
for various treatment modalities in HCC patients,7,8,18 and our study confirmed the above view. We found that baseline 
Higher SV group was associated with shorter PFS and OS. Although mildly enlarged spleen harbors more immune cells, 
especially T cells and natural killer (NK) cells, potentially enhancing anti-tumor responses during the early phases of ICIs 
treatment,5 chronically enlarged spleen probably reflects chronic inflammatory and immune dysregulation. This may 
involve an increased presence of immunosuppressive cells within the tumor microenvironment, such as myeloid-derived 

Figure 5 Association of baseline spleen volume with PFS (A) and OS (B) in patients with hepatocellular carcinoma treated with immune checkpoint inhibitors visualized by 
restricted cubic spline analysis. Hazard ratios were adjusted for age and sex.
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suppressor cells (MDSCs) and regulatory T (Treg) cells, which inhibit anti-tumor immunity.19 The splenomegaly is 
usually associated with a pathological state of portal hypertension.20 This pathologic state may lead to further deteriora-
tion of liver function, thereby affecting patient survival. In intermediate to advanced HCC patients, such as those in this 
study, higher SV may imply an increased systemic inflammatory response with predominant immunosuppression. 
Furthermore, while no statistically significant differences in tumor burden, PVTT incidence, or lymph node metastasis 
were observed between the higher and lower SV groups in this study, the high SV group exhibited trends toward greater 
tumor burden, higher PVTT incidence, and increased lymph node metastasis. These factors may contribute to heightened 
treatment resistance, ultimately resulting in shorter PFS and OS. These findings suggest that higher SV in intermediate 
and advanced HCC may represent a multifaceted pathology involving systemic inflammation, immunosuppression, and 
tumor progression, which collectively explain the possible association between splenomegaly and poorer OS and PFS.

At three months after ICIs treatment, the median rate of SV change for all patients was 3.31%. The median rate of SV 
change was 14% and 0.3% in the SV increased and Non-SV increased groups, respectively. The present study also found 
SV increased group at three months after ICIs treatment had significantly shorter PFS (4.6 vs 8.5months, P<0.001) and 
OS (11.9 vs 16 months, P<0.001) than Non-SV increased group, suggesting further that dynamic variations of SV 
possibly reflect the body’s response to treatment. A study showed that in metastatic renal cancer patients receiving 
immunotherapy, SV change >10% group had short PFS and OS.11 Müller et al18 revealed that SV increase after 
immunotherapy was not associated with survival outcome in HCC patients. Whereas Chen et al21 found that HCC 
patients in the immunotherapy group with increased SV were more likely to have longer PFS than those with decreased 
SV, the results were reversed for patients in the sorafenib group. These studies highlighted the complex and potentially 
variable role of SV changes in predicting the efficacy of cancer treatments. Previous studies used ICIs in combination 
with bevacizumab as the immunotherapy group. Therefore, we briefly explored the prognostic impact of SV in HCC 
patients of Child A using ICIs in combination with bevacizumab and SV change (0%). The results still found that PFS 
and OS were shorter in the SV increased group than in the SV decreased group. This may be attributed to larger baseline 
tumors in the SV increased group than in the SV decreased group in this treatment group (7.88 vs 5.18 cm, P=0.004). The 
larger tumor load not only implied more tumor cells need to be removed, but may also accompanied by more complex 
tumor microenvironment,22 making the effectiveness of ICIs treatment unstable and thereby affecting the survival of 
patient. In addition, it is well known that NLR is one of the peripheral indicators of chronic inflammation.23 The NLR 
was higher in the SV increased group than the decreased group in this treatment group of our study, possibly representing 
a higher level of chronic inflammation. In chronic inflammation, MDSCs increase with the effect of some cytokines. The 
elevated MDSCs inhibit the cellular activity of T cells and NK cells and promote tumor progression, leading to ICI 
resistance. In addition, MDSCs stimulate Treg cells production and increase the release of immunosuppressive cytokines, 
such as interleukin-10 (IL-10), which specifically inhibit CD4+ and CD8+ T cell activity and promote tumor growth.24

This study also found that certain indicators significantly affect the survival of HCC patients treated with ICIs. Specifically, 
the BCLC-C stage correlated with shorter PFS and OS. The BCLC stage system is an important tool for evaluating the 
prognosis of HCC patients and guiding treatment.25 The higher BCLC stage, the higher tumor burden and more aggressive 
tumors, which in turn will affect survival. Additionally, AFP levels ≥400 ng/mL are strongly associated with shorter PFS and 
OS, as elevated AFP suggests a larger tumor burden and higher aggressiveness, reducing the effectiveness of ICIs.26 In this 
study, we developed nomogram models with independent prognostic indicators in multivariate regression to predict PFS and 
OS in HCC patients treated with ICIs. The models demonstrated good discriminatory performance with C-indexes and AUCs 
of ≥ 0.7 for predicting 6, 9, and 12-month PFS and OS. Calibration plots confirmed good predictive accuracy. The nomogram 
combined the pretreatment BCLC stage, AFP level, baseline SV, and SV change at three months posttreatment, showing 
significant promise for clinical use in prognosis prediction. Additionally, RCS analysis highlighted a nonlinear relationship 
between baseline SV and survival, which contributed to a more comprehensive understanding of their association.

This study is limited by several reasons. First, this is a retrospective study possibly with selection bias, so in the future 
we need to conduct a large-scale multicenter prospective study employing varied SV change cutoff values and diverse 
ICIs treatment regimens to further validate the results of this study. But in order to eliminate the bias caused by patient 
heterogeneity, we ensured a stable baseline between groups and performed multivariate Cox regression. Second, although 
many previous studies used this formula to calculate SV, the accuracy of their measured SV still needs to be considered, 
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especially when compared to automatic or semi-automatic outline methods. Finally, this SV formula was derived from 
CT scans, but Yang et al27 also applied it to pancreatic cancer patients who underwent MRI. Therefore, we could further 
verify the present results by combining CT and MR scans in the future.

Conclusion
The baseline SV and its relative change at three months after treatment were associated with the prognosis of HCC 
patients treated with ICIs. They are expected to become routine imaging markers for patients to assist in their clinical 
management.

Abbreviations
SV, Spleen volume; BMI, Body mass index; HBV, hepatitis B virus; PVTT, portal vein tumor thrombosis; BCLC, Barcelona 
Clinic Liver Cancer; ECOG PS, Eastern Cooperative Oncology Group Physical Status; ICIs, immune checkpoint inhibitors; 
NLR, Neutrophil to lymphocyte ratio; PLR, Platelet to lymphocyte ratio; ALT, Alanine transaminase, AST, Aspartate 
transaminase; PT, prothrombin time, ALBI, Albumin-Bilirubin, AFP, alpha-fetoprotein; PFS, progression-free survival; OS, 
overall survival; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective 
response rate; DCR, disease control rate; C-index, concordance index; RCS, Restricted cubic spline; receiver operating 
characteristic, ROC; ICC, intraclass correlation coefficient; CI, confidence interval.

Data Sharing Statement
The datasets used and/or analyzed in this study are available from the corresponding author on reasonable request.

Ethics Approval and Informed Consent
Approval for this study was obtained from the Ethics Committee of Union Hospital, Tongji Medical College, Huazhong 
University of Science and Technology (Institutional Review Board No. S188). Given its retrospective and anonymous 
nature, the institutional review board waived the requirement for informed consent.

Acknowledgments
We would like to thank all the investigators and patients. The authors thank Peng Sun for his constructive guidance.

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically 
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article 
has been submitted; and agree to be accountable for all aspects of the work.

Funding
This study was supported by grants from the Major Program of Special Project for Technology Innovation of Hubei 
Province (2023BCB014), the National Natural Science Foundation of China (82172034, 82272083, 82472058) and the 
Fundamental Research Funds for the Central Universities (20242422).

Disclosure
The authors declare that there is no conflict of interest.

References
1. Zhou J, Sun H, Wang Z. et al. Guidelines for the diagnosis and treatment of primary liver cancer (2022 Edition). Liver Cancer. 2023;12(5):405–444. 

doi:10.1159/000530495
2. McGlynn KA, Petrick JL, London WT. Global epidemiology of hepatocellular carcinoma: an emphasis on demographic and regional variability. Clin 

Liver Dis. 2015;19(2):223–238. doi:10.1016/j.cld.2015.01.001

Journal of Hepatocellular Carcinoma 2025:12                                                                                    https://doi.org/10.2147/JHC.S524483                                                                                                                                                                                                                                                                                                                                                                                                   1081

Fu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1159/000530495
https://doi.org/10.1016/j.cld.2015.01.001


3. Cheng AL, Hsu C, Chan SL, Choo SP, Kudo M. Challenges of combination therapy with immune checkpoint inhibitors for hepatocellular 
carcinoma. J Hepatol. 2020;72(2):307–319. doi:10.1016/j.jhep.2019.09.025

4. Pinter M, Jain RK, Duda DG. The current landscape of immune checkpoint blockade in hepatocellular carcinoma: a review. JAMA Oncol. 2021;7 
(1):113–123. doi:10.1001/jamaoncol.2020.3381

5. Aliyu M, Zohora F, Saboor-Yaraghi AA. Spleen in innate and adaptive immunity regulation. AIMS Allergy Immunol. 2021;5(1):1–17. doi:10.3934/ 
Allergy.2021001

6. Li L, Duan M, Chen W, et al. The spleen in liver cirrhosis: revisiting an old enemy with novel targets. J Transl Med. 2017;15(1):111. doi:10.1186/ 
s12967-017-1214-8

7. Takeishi K, Kawanaka H, Itoh S, et al. Impact of splenic volume and splenectomy on prognosis of hepatocellular carcinoma within Milan criteria 
after curative hepatectomy. World J Surg. 2018;42(4):1120–1128. doi:10.1007/s00268-017-4232-z

8. Bae JS, Lee DH, Yoo J, et al. Association between spleen volume and the post-hepatectomy liver failure and overall survival of patients with 
hepatocellular carcinoma after resection. Eur Radiol. 2021;31(4):2461–2471. doi:10.1007/s00330-020-07313-7

9. Wu WC, Chiou YY, Hung HH, et al. Prognostic significance of computed tomography scan-derived splenic volume in hepatocellular carcinoma 
treated with radiofrequency ablation. J Clin Gastroenterol. 2012;46(9):789–795. doi:10.1097/MCG.0b013e31825ceeb5

10. Xiao LS, Hu CY, Cui H, et al. Splenomegaly in predicting the survival of patients with advanced primary liver cancer treated with immune 
checkpoint inhibitors. Cancer Med. 2022;11(24):4880–4888. doi:10.1002/cam4.4818

11. Aslan V, Karabork Kilic AC, Ozet A, et al. The role of spleen volume change in predicting immunotherapy response in metastatic renal cell 
carcinoma. BMC Cancer. 2023;23(1):1045. doi:10.1186/s12885-023-11558-y

12. Forner A, Reig M, Bruix J. Hepatocellular carcinoma. Lancet. 2018;391(10127):1301–1314. doi:10.1016/S0140-6736(18)30010-2
13. Liver EAftSot. EASL clinical practice guidelines: management of hepatocellular carcinoma. J Hepatol. 2018;69(1):182–236. doi:10.1016/j. 

jhep.2018.03.019
14. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP. The Strengthening the Reporting of Observational Studies in 

Epidemiology (STROBE) statement: guidelines for reporting observational studies. Lancet. 2007;370(9596):1453–1457. doi:10.1016/S0140- 
6736(07)61602-X

15. Prassopoulos P, Daskalogiannaki M, Raissaki M, Hatjidakis A, Gourtsoyiannis N. Determination of normal splenic volume on computed 
tomography in relation to age, gender and body habitus. Eur Radiol. 1997;7(2):246–248. doi:10.1007/s003300050145

16. Lencioni R, Llovet JM. Modified RECIST (mRECIST) assessment for hepatocellular carcinoma. Semin Liver Dis. 2010;30(1):52–60. doi:10.1055/ 
s-0030-1247132

17. McKenzie CV, Colonne CK, Yeo JH, Fraser ST. Splenomegaly: pathophysiological bases and therapeutic options. Int J Biochem Cell Biol. 
2018;94:40–43. doi:10.1016/j.biocel.2017.11.011

18. Müller L, Kloeckner R, Mähringer-Kunz A, et al. Fully automated AI-based splenic segmentation for predicting survival and estimating the risk of 
hepatic decompensation in TACE patients with HCC. Eur Radiol. 2022;32(9):6302–6313. doi:10.1007/s00330-022-08737-z

19. Kalathil SG, Wang K, Hutson A, Iyer R, Thanavala Y. Tivozanib mediated inhibition of c-Kit/SCF signaling on Tregs and MDSCs and reversal of tumor 
induced immune suppression correlates with survival of HCC patients. Oncoimmunology. 2020;9(1):1824863. doi:10.1080/2162402X.2020.1824863

20. Chen XL, Chen TW, Zhang XM, et al. Platelet count combined with right liver volume and spleen volume measured by magnetic resonance 
imaging for identifying cirrhosis and esophageal varices. World J Gastroenterol. 2015;21(35):10184–10191. doi:10.3748/wjg.v21.i35.10184

21. Chen BB, Liang PC, Shih TT, et al. Changes in posttreatment spleen volume associated with immunotherapy outcomes for advanced hepatocellular 
carcinoma. J Hepatocell Carcinoma. 2024;11:1015–1029. doi:10.2147/JHC.S462470

22. Wei J, Li W, Zhang P, Guo F, Liu M. Current trends in sensitizing immune checkpoint inhibitors for cancer treatment. Mol Cancer. 2024;23(1):279. 
doi:10.1186/s12943-024-02179-5

23. Bilen MA, Martini DJ, Liu Y, et al. The prognostic and predictive impact of inflammatory biomarkers in patients who have advanced-stage cancer 
treated with immunotherapy. Cancer. 2019;125(1):127–134. doi:10.1002/cncr.31778

24. Law AMK, Valdes-Mora F, Gallego-Ortega D. Myeloid-derived suppressor cells as a therapeutic target for cancer. Cells. 2020;9(3):561. 
doi:10.3390/cells9030561

25. Reig M, Forner A, Rimola J, et al. BCLC strategy for prognosis prediction and treatment recommendation: the 2022 update. J Hepatol. 2022;76 
(3):681–693. doi:10.1016/j.jhep.2021.11.018

26. Samban SS, Hari A, Nair B, et al. An insight into the role of Alpha-Fetoprotein (AFP) in the development and progression of hepatocellular 
carcinoma. Mol Biotechnol. 2023;66(10):2697–2709. doi:10.1007/s12033-023-00890-0

27. Yang SH, Lu LC, Kao HF, et al. Negative prognostic implications of splenomegaly in nivolumab-treated advanced or recurrent pancreatic 
adenocarcinoma. Oncoimmunology. 2021;10(1):1973710. doi:10.1080/2162402X.2021.1973710

Journal of Hepatocellular Carcinoma                                                                                          

Publish your work in this journal 
The Journal of Hepatocellular Carcinoma is an international, peer-reviewed, open access journal that offers a platform for the dissemination and 
study of clinical, translational and basic research findings in this rapidly developing field. Development in areas including, but not limited to, 
epidemiology, vaccination, hepatitis therapy, pathology and molecular tumor classification and prognostication are all considered for publication. 
The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit 
http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/journal-of-hepatocellular-carcinoma-journal

Journal of Hepatocellular Carcinoma 2025:12 1082

Fu et al                                                                                                                                                                               

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.jhep.2019.09.025
https://doi.org/10.1001/jamaoncol.2020.3381
https://doi.org/10.3934/Allergy.2021001
https://doi.org/10.3934/Allergy.2021001
https://doi.org/10.1186/s12967-017-1214-8
https://doi.org/10.1186/s12967-017-1214-8
https://doi.org/10.1007/s00268-017-4232-z
https://doi.org/10.1007/s00330-020-07313-7
https://doi.org/10.1097/MCG.0b013e31825ceeb5
https://doi.org/10.1002/cam4.4818
https://doi.org/10.1186/s12885-023-11558-y
https://doi.org/10.1016/S0140-6736(18)30010-2
https://doi.org/10.1016/j.jhep.2018.03.019
https://doi.org/10.1016/j.jhep.2018.03.019
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1007/s003300050145
https://doi.org/10.1055/s-0030-1247132
https://doi.org/10.1055/s-0030-1247132
https://doi.org/10.1016/j.biocel.2017.11.011
https://doi.org/10.1007/s00330-022-08737-z
https://doi.org/10.1080/2162402X.2020.1824863
https://doi.org/10.3748/wjg.v21.i35.10184
https://doi.org/10.2147/JHC.S462470
https://doi.org/10.1186/s12943-024-02179-5
https://doi.org/10.1002/cncr.31778
https://doi.org/10.3390/cells9030561
https://doi.org/10.1016/j.jhep.2021.11.018
https://doi.org/10.1007/s12033-023-00890-0
https://doi.org/10.1080/2162402X.2021.1973710
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Patients
	CT Imaging Strategies
	SV Measurement
	Data Collection and Follow-up
	Statistical Analysis

	Results
	Baseline Characteristics of Patients
	Baseline SV Threshold and Changes in SV
	Tumor Response
	Survival Analysis
	Univariate and Multivariate Analyses
	Nomograms and Accuracy Evaluation
	Subgroup Analysis
	RCS Analysis

	Discussion
	Conclusion
	Abbreviations
	Data Sharing Statement
	Ethics Approval and Informed Consent
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

