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Background: Immunotherapy combined with targeted therapy is a key approach for patients with unresectable hepatocellular 
carcinoma (HCC). This study aimed to evaluate the prognostic value of clinical and CT features in Camrelizumab plus Apatinib 
treatment for these patients.
Materials and Methods: A retrospective study was conducted on unresectable HCC patients who received camrelizumab plus 
Apatinib treatment from June 2019 to August 2021. Clinical and contrast-enhanced CT features were analyzed. Logistic regression 
identified predictors of objective response, and Cox regression assessed prognostic factors for progression-free survival (PFS) and 
overall survival (OS). Nomograms were constructed based on independent predictors.
Results: Among 109 patients, the median OS was 20 months, median PFS was 9 months, and the ORR was 43.1%. Independent 
predictors of objective response included AFP ≥ 400 ng/mL (OR = 6.31), NLR ≥ 3.2 (OR = 3.72), tumor numbers ≥ 3 (OR = 3.93), 
and ΔAER < 15% (OR = 10.99), the AUC for objective response model was 0.874. Independent factors for PFS included AFP ≥ 400 
ng/mL (HR = 2.04) and ΔAER < 15% (HR = 2.57), resulting in a model AUC of 0.859. Independent factors for OS were NLR ≥ 3.2 
(HR = 2.07), Tumor numbers ≥ 3 (HR = 2.68), and extrahepatic metastasis (HR = 2.32), with an AUC of 0.848 and 0.866 for 1- and 
2-year survival, respectively.
Conclusion: Clinical and contrast-enhanced show significant prognostic value in patients receiving Camrelizumab plus Apatinib. The 
developed models may assist in identifying responsive patients and personalizing treatment strategies.
Keywords: hepatocellular carcinoma, immunotherapy, targeted therapy, computerized tomography, objective response rate

Introduction
Hepatocellular carcinoma (HCC) ranks as the third leading cause of cancer-related deaths globally.1 In China, it is the 
fourth most common malignancy and the second most fatal.2 Despite advancements in screening protocols, approxi
mately 70–80% of patients are diagnosed at intermediate to advanced stages, rendering them ineligible for surgical or 
localized curative treatments.3

Targeted therapy and immunotherapy are now the standard of care for these patients.4 Targeted therapies work by 
directly inhibiting tumor growth and blocking angiogenesis, thereby restricting tumor vascularization. Immunotherapy, 
particularly immune checkpoint inhibitors, reactivates immune cells by overcoming immune tolerance, restoring tumor- 
specific immunity.5 Studies have shown that combining targeted therapy with immunotherapy can have a synergistic 
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effect, suppressing tumor cell proliferation, inhibiting angiogenesis, and ultimately leading to tumor necrosis and an 
immune response.6 Since anti-angiogenic therapies targeting VEGF ligands can mitigate the local immunosuppressive 
effects of VEGF signaling and promote T cell infiltration, numerous clinical trials have demonstrated promising 
outcomes.7 IMbrave150 and CARES-310 have shown that combining PD-1/PD-L1 inhibitors with anti-angiogenic agents 
enhances immunogenicity and clinical outcomes in unresectable HCC.8

Although immunotherapy and targeted therapy have emerged as standard options, identifying appropriate candidates 
remains a challenge, the objective response rate, overall survival (OS) and progression-free survival (PFS) outcomes 
have not met expectations.8 Additionally, these therapies come with significant side effects; immune-related adverse 
events occur in 66% of cases, with grade 3 or higher adverse reactions in approximately 14%.9 Therefore, identifying 
patients likely to benefit from these therapies is crucial, allowing clinicians to avoid ineffective or excessive treatment. 
Previous studies10–12 suggest that clinical features (eg, AFP, prothrombin induced by vitamin K absence-II [PIVKA-II], 
NLR, PLR, HBV-DNA), and imaging characteristics (eg, tumor size, multifocality, vascular invasion, tumor margin, 
capsule, arterial enhancement) are important prognostic factors. Combining these features may help non-invasively and 
accurately predict treatment outcomes before therapy.

Camrelizumab combined with Apatinib is a widely used immunotherapy and targeted therapy regimen for HCC.13,14 

While there is currently no consensus regarding reliable imaging biomarkers to guide optimal patient selection. In clinical 
practice, the treatment plan for patients is usually determined through multidisciplinary team. CT-based prognostic 
models have been proposed to evaluate microvascular invasion,15 and intratumoral characteristics (eg identifying 
proliferative HCC) in HCC treated with transarterial chemoembolization.12 The decrease ratio of arterial enhancement 
(ΔAER) reflects the anti-angiogenic impact of treatment and may serve as an early surrogate marker of tumor ischemia. 
Colagrande et al16 demonstrated that CT-derived enhancement volume changes predicted response to sorafenib.

To date, no studies have validated ΔAER in the Camrelizumab-Apatinib setting, as well as limited CT-drived models 
exist for Camrelizumab-Apatinib therapy. Meanwhile, international guidelines increasingly favor atezolizumab–bevaci
zumab based on IMbrave150 trial outcomes, which demonstrated superior overall survival compared to sorafenib. 
Nonetheless, due to drug accessibility, toxicity profile, and patient-specific factors, Camrelizumab-Apatinib remains 
widely used in China.6

This study aims to evaluate the association between baseline clinical characteristics and CT imaging features with 
treatment outcomes, including objective response, PFS and OS. Furthermore, we seek to identify independent prognostic 
factors for long-term survival and to develop a predictive model to facilitate individualized treatment strategies and 
prognostic assessment.

Materials and Methods
Conflict of Interest and Ethical Approval
This study was approved by the Ethics Committee of our institution (Approval No: 2023-K012-01) and conducted in 
accordance with the Declaration of Helsinki. The authors declare no conflicts of interest, financial or otherwise, related to 
this study. As this was a retrospective study based on anonymized data, the Ethics Committee waived the requirement for 
informed consent. All patient data were de-identified, and strict confidentiality was maintained throughout the study in 
compliance with institutional and national data protection regulations.

Study Design and Patient Selection
This retrospective study included 109 patients who were diagnosed with HCC and received combined immunotherapy 
and targeted therapy (Camrelizumab and Apatinib) at our hospital between June 2019 and August 2021. The inclusion 
criteria were as follows: (1) diagnosis of HCC based on based on criteria as defined by the AASLD guidelines; (2) 
deemed unsuitable for surgery or local treatment by a multidisciplinary team; (3) completed clinical records; (4) pre- 
treatment enhanced CT performed within two weeks of therapy initiation; (5) at least one measurable intrahepatic lesion 
(tumor size ≥ 10 mm). Exclusion criteria included: (1) receipt of other HCC-specific treatments prior to the therapy (eg 
radiotherapy, transarterial radioembolization, transhepatic arterial chemotherapy and embolization), according to this 
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study protocol, patients may receive additional treatments following disease progression; (2) follow-up period less than 
two months; (3) no follow-up enhanced CT assessment during the study period; (4) post-resection patients with no 
measurable intrahepatic lesions receiving adjuvant therapy; (5) poor image quality that precluded assessment.

Data Collection
Patient clinical data included age, sex, hepatitis, cirrhosis, smoking and alcohol use, liver fluke infection, family history 
of liver disease, hypertension, and diabetes. Additionally, Barcelona Clinic Liver Cancer (BCLC) staging, Child-Pugh 
liver function classification, and Eastern Cooperative Oncology Group (ECOG) performance status were recorded. 
Peripheral blood samples were collected within one week before therapy initiation to measure neutrophil, lymphocyte, 
and platelet counts, serum alpha-fetoprotein (AFP), prothrombin induced by vitamin K absence-II (PIVKA-II), albumin 
(ALB), alanine aminotransferase (ALT), aspartate aminotransferase (AST), and hepatitis B virus DNA (HBV-DNA) 
levels.

Treatment Protocol and Follow-Up
All patients were treated with Camrelizumab 200 mg on day 1 (intravenous infusion every two weeks) and Apatinib 
250 mg (oral, once daily). Dose adjustments or discontinuation were made by the attending physician based on adverse 
events or disease progression. Patients were followed up every 6–8 weeks, with each visit including clinical interviews, 
physical examinations, routine blood tests, liver function tests, AFP, PIVKA-II, and HBV-DNA levels. Imaging follow- 
up primarily included multi-phase enhanced CT, MRI, contrast-enhanced ultrasound, or PET-CT. The cut-off date for 
follow-up was January 31, 2023.

The Primary endpoints were objective response rate (ORR) and progression-free survival (PFS), ORR referring to the 
proportion of patients whose tumor size has decreased to a pre-defined value and can be maintained for the minimum 
required time limit (4 weeks), which includes both complete responses (CR) and partial responses (PR), with ORR = CR 
+ PR. PFS was defined as the time from the start of treatment to disease progression or death, whichever occurred first. 
Secondary endpoint was overall survival (OS), OS was defined as the time from the start of treatment to death from any 
cause or the last known follow-up.

CT Scanning Equipment and Protocol
CT scans were performed using 256-slice spiral CT (Revolution, GE), or dual-energy CT (SOMATOM Definition Flash 
or Force CT, Siemens). Detailed protocols are provided in Supplemental Table S1.

CT Image Analysis
Two radiologists (C.JL and C.YD) with over 10 years of experience in diagnosing abdominal diseases independently 
reviewed the enhanced CT images, without knowledge of the patients’ clinical information. The analyzed features 
included tumor size, tumor numbers, tumor margin, internal artery, peritumoral contrast enhancement, tumor in vein and 
the decrease ratio of arterial phase contrast-enhancement (ΔAER). AER = [(HUpost−HUpre)/HUpre]×100%. HU was 
measured from the same ROI on arterial phase image (HUpost) and non-contrast enhancement image (HUpre). ΔAER = 
AER_untreated−AER_post-treated. In cases of disagreement between the two radiologists, a third radiologist (L.LL) with 
over 25 years of experience in liver disease diagnosis was consulted to reach a consensus. Interobserver agreement 
between the two radiologists was assessed using Cohen’s kappa, agreement was good to excellent for all evaluated 
features (kappa: 0.72–0.86). Detailed definitions of the evaluated CT imaging features and those interobserver agreement 
are provided in Supplemental Table S2.

Statistical Analysis
All statistical analyses were performed using SPSS version 25.0 (IBM, Chicago, USA) and R version 4.1.2 (http://www. 
r-project.org/). The Shapiro–Wilk test was used to assess the normality of continuous variables. Normally distributed data 
were expressed as mean ± standard deviation, while non-normally distributed data were expressed as median and 
interquartile range. Independent samples t-tests were used to compare normally distributed data between groups, while 
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the Mann–Whitney U-test was used for non-normally distributed data. Continuous variables were converted to catego
rical variables where appropriate based on clinical or reference cut-off values. Categorical variables were expressed as 
frequencies and percentages, with comparisons made using the chi-square test or Fisher’s exact test as needed. Logistic 
regression was used to identify independent factors for the OR.

Survival curves for PFS and OS were generated using the Kaplan-Meier method, and differences between groups 
were compared using the Log rank test. Univariate Cox proportional hazard models were used to identify potential 
factors influencing treatment efficacy and survival, and variables with P < 0.05 were included in multivariate Cox 
analysis to determine independent prognostic factors. These factors were incorporated into a predictive model, and 
a nomogram was constructed. The model’s accuracy and utility were evaluated using the concordance index (C-index), 
receiver operating characteristic (ROC) curves, calibration curves, and decision curve analysis (DCA). Interobserver 
agreement was assessed using the kappa statistic, with P < 0.05 considered statistically significant.

Results
Patient Characteristics
A total of 209 patients were initially considered for this study. After applying the exclusion criteria, 100 patients were 
excluded for various reasons: 42 had received other HCC specific treatments within the previous three months, 16 had 
follow-up durations of less than two months, 22 lacked follow-up enhanced CT imaging, and 20 had no measurable 
intrahepatic lesions (multiple lesions, but the size of each lesion is less than 10 mm). Therefore, 109 patients were 
included in the final analysis (Figure 1).

The median age of the cohort was 48.87±11.5 years (range: 25–76). Of the 109 patients, 95 were male, and 14 were 
female. The majority of patients (102) had a history of hepatitis B, 3 had hepatitis C, and 12 had a history of liver fluke 
infection. Additionally, 95 had clinically diagnosed cirrhosis, 12 had hypertension, and 14 had diabetes. Regarding 
functional status, 74 patients had an ECOG performance status (PS) of 0, while 35 had a PS of 1. Child-Pugh liver 
function classifications were A in 98 patients and B in 11. In terms of cancer staging, 84 patients were classified as BCLC 
stage B, and 25 were at stage C. The median value of neutrophil count was 4.13×109/L (range: 2.79–5.43 ×109/L), 
platelet count was194.00×109/L (range: 145.85–242.00 ×109/L), lymphocyte count was1.21×109/L (range: 1.01–1.62 
×109/L). Serum AFP levels were recorded with a median value of 446.16 ng/mL (range: 40.33–18,459.42), and PIVKA- 
II levels had a median of 2320.38 mAU/mL (range: 278.64–19,227.86). The detailed demographic and clinical 
characteristics are presented in Table 1.

The median tumor size was 10.05 cm (range: 6.88–13.87 cm). A total of 52 patients had extrahepatic metastases, with 
34 cases involving the lungs, 31 in the abdominal cavity, and 1 case of bone metastasis. Vascular invasion was seen in 60 
patients with portal vein involvement, 25 with hepatic vein involvement, and 8 with inferior vena cava involvement. 
Single tumors were present in 30.3% (33/109) of patients, while 69.7% (76/109) had multi-tumors.

Patients Follow-Up
During the follow-up period, 54 patients died, 20 were lost to follow-up, and 35 remained alive. The median overall 
survival (mOS) was 20 months (95% CI: 15.47–24.52), with a median follow-up time of 22 months (95% CI: 17.9–26.1). 
The median PFS was 9 months (95% CI: 7.0–11.0). The ORR was 43.1%, and the disease control rate (DCR) was 75.2%. 
Based on mRECIST criteria, treatment responses included complete response (CR) in 13 patients, partial response (PR) 
in 34 patients, stable disease (SD) in 35 patients, and progressive disease (PD) in 27 patients. The ORR was calculated by 
combining CR and PR, totaling 43.1% (47/109), while SD and PD were classified as non-responders.

Predictive Value of Clinical and CT Features for Treatment Efficacy (OR)
The clinical and CT features of patients in the objective response group (OR group) were compared with those of the non- 
responders group (non-OR) in Supplemental Tables S3 and S4, respectively. Multivariate analysis identified four indepen
dent risk factors associated with treatment response: AFP ≥ 400 ng/mL (OR = 6.31, p = 0.001), neutrophil-to-lymphocyte 
ratio (NLR) ≥ 3.2 (OR = 3.72, p = 0.012), tumor numbers ≥ 3 (OR = 3.93, p = 0.011), and a decrease ratio of arterial phase 
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contrast-enhancement (ΔAER) < 15% (OR = 10.99, p < 0.001) (Table 2). These variables were incorporated into a predictive 
model for ORR. The model’s area under the curve (AUC) was 0.874 (95% CI: 0.804–0.941) (Figure 2). Nomogram was built 
based on the clinical and CT features to predict the therapeutic response, the calibration curve demonstrated good agreement 
between the predicted and observed outcomes, and the DCA confirmed the clinical benefit of the model (Figure 3).

Figure 1 The flow diagram of the study cohort. A total of 109 participants were included in this study.
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Table 1 The Detailed Demographic and Clinical Characteristics of This Study 
Cohort

Characteristics All (n = 109) OR (n = 47) Non-OR (n = 62) P value

Age (years) 48.87±11.5 50.00±10.57 48.02±12.28 0.378

Gender 0.239
Male 87.2% (95/109) 45.3% (43/95) 54.7% (52/95)

Female 12.8% (14/109) 28.6% (4/14) 71.4% (10/14)

Hepatitis B 0.683
Absence 6.4% (7/109) 28.6% (2/7) 71.4% (5/7)

Presence 93.6% (102/109) 44.1% (45/102) 55.9% (57/102)

Cirrhosis 0.578
Absence 12.8% (14/109) 50.0% (7/14) 50.0% (7/14)

Presence 87.2% (95/109) 42.1% (40/95) 57.9% (55/95)

Hypertension 0.610
Absence 88.9% (97/109) 42.3% (41/97) 57.7% (56/97)

Presence 11.1% (12/109) 50.0% (6/12) 50.0% (6/12)

Diabetes 0.256
Absence 87.2% (95/109) 41.1% (39/95) 58.9% (56/95)

Presence 12.8% (14/109) 57.1% (8/14) 42.9% (6/14)

BCLC stage 0.307
B 22.9% (25/109) 52.0% (13/25) 48.0% (12/25)

C 77.1% (84/109) 40.5% (34/84) 59.5% (50/84)

Child-pug 0.633
A 10.1% (98/109) 43.9% (43/98) 56.1% (55/98)

B 89.9% (11/109) 36.4% (4/11) 63.6% (7/11)
ECOG PS 0.102

0 67.8% (74/109) 48.6% (36/74) 51.4% (38/74)

1 32.2% (35/109) 31.4% (11/35) 68.6% (24/35)
AFP <0.001

<400 ng/mL 48.6% (53/109) 62.3% (33/53) 33.7% (20/53)

≧400 ng/mL 51.4% (56/109) 25.0% (14/56) 75.0% (42/56)
PIVKA-II 0.003

<732 mAU/mL 41.3% (45/109) 60.0% (27/45) 40.0% (18/45)

≧732 mAU/mL 58.7% (64/109) 31.3% (20/64) 68.7% (44/64)
Albumin g/L 34.79±4.56 34.22±4.54 35.22±4.57 0.258

ALT 0.067

<38.5 U/L 56.0% (61/109) 50.8% (31/61) 49.2% (30/61)
≧38.5 U/L 44.0% (48/109) 33.3% (16/48) 66.7% (32/48)

AST 0.014

<63.5 U/L 56.9% (62/109) 53.2% (33/62) 46.8% (29/62)
≧63.5 U/L 43.1% (47/109) 29.8% (14/47) 70.2% (33/47)

NLR <0.001

<3.2 51.4% (56/109) 60.7% (34/56) 39.3% (22/56)
≧3.2 48.6% (53/109) 24.5% (13/53) 75.5% (40/53)

PLR 0.012

<136.2 45.9% (50/109) 56.0% (28/50) 44.0% (22/50)
≧136.2 54.1% (59/109) 32.2% (19/59) 67.8% (40/59)

HBV-DNA 0.921

<104 (IU/ mL) 63.3% (69/109) 43.5% (30/69) 56.5% (39/60)
≧104 (IU/ mL) 36.7% (40/109) 42.5% (17/40) 57.5% (23/40)

Abbreviations: OR, objective response; AFP, alpha-fetoprotein; PIVKA-II, prothrombin induced by vitamin 
K absence-II; ALT, alanine aminotransferase; AST, aspartate aminotransferase; NLR, neutrophil-to- 
lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; HBV-DNA, Hepatitis B virus DNA load; BCLC 
stage, Barcelona clinic liver cancer staging system; ECOG PS, eastern cooperative oncology group perfor
mance status.
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Predictive Value of Clinical and CT Features for PFS
Univariate and Multivariate Cox Regression Analysis for PFS
Independent factors predicting progression-free survival included AFP ≥ 400 ng/mL (HR = 2.04, 95% CI: 1.15–3.64, 
p = 0.015), PIVKA-II ≥ 732 mAU/mL (HR = 2.05, 95% CI: 1.14–3.66, p = 0.016), tumor numbers ≥ 3 (HR = 2.53, 
95% CI: 1.47–4.34, p = 0.001), and ΔAER < 15% (HR = 2.57, 95% CI: 1.54–4.33, p < 0.001). Detailed results are 
presented in Table 3.

PFS Predictive Model Construction and Validation
The PFS predictive model was constructed using the significant variables (AFP, PIVKA-II, tumor numbers, and ΔAER), 
yielding an AUC of 0.859 (95% CI: 0.803–0.959). The AUC was notably higher than that of BCLC stage alone (0.578, 
95% CI 0.468–0.688). Nomogram was built based on the clinical and CT features to predict the PFS, the calibration 
curve showed good overlap with the reference line, and the DCA supported the model’s value in clinical decision-making 
(Figure 4).

Table 2 Multivariate Logistic Regression Analysis of Clinical and CT Features for Objective 
Response

Variable β P values OR 95% CI

AFP (≥400 vs <400 ng/mL) 1.84 0.001 6.31 2.19–18.19

PIVKA-II (≥732 vs <732 mAU/mL) 0.76 0.185 2.14 0.69–6.58

NLR (≥3.2 vs <3.2) 1.31 0.012 3.72 1.34–10.34
PLR (≥136.2 vs <136.2) 0.31 0.611 1.36 0.42–4.43

AST (≥63.5 vs <63.5 U/L) 0.59 0.296 1.80 0.59–5.46

Tumor numbers (≥3 vs <3) 1.37 0.011 3.93 1.37–11.29
Peritumoral contrast enhancement (Presence vs Absence) 0.71 0.193 2.03 0.70–5.86

Extrahepatic metastases (Presence vs Absence) 0.61 0.275 1.84 0.62–5.51
ΔAER (<15% vs ≥15%) 2.39 <0.001 10.99 3.53–34.19

Abbreviations: ORR, Objective response rate; β, regression coefficient; OR, odds ratio; AFP, alpha-fetoprotein; PIVKA- 
II, prothrombin induced by vitamin K absence-II; AST, aspartate aminotransferase; NLR, neutrophil-to-lymphocyte ratio; 
PLR, platelet-to-lymphocyte ratio; ΔAER, decrease ratio of arterial phase contrast-enhancement.

Figure 2 Receiver operating characteristic (ROC) curve of clinical and CT features (prediction models) for objective response (a), progression-free survival (b) and overall 
survival (c); (a) the area under receiver operating characteristic curve (AUC) of prediction model for objective response was 0.874, 95% confidence interval (CI) was 
0.804–0.941; (b) the AUC of prediction model for progression-free survival was 0.859 (95% CI: 0.803–0.959); (c) the AUC of prediction model for 1-year and 2-years 
overall survival was 0.848 (95% CI: 0.717–0.910) and 0.866 (95% CI: 0.734–0.944), respectively.
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Predictive Value of Clinical and CT Features for OS
Univariate and Multivariate Cox Regression Analysis for OS 
Several factors were identified as independent predictors of overall survival through Cox regression analysis. These 
included NLR ≥ 3.2 (HR = 2.07, 95% CI: 1.15–3.73, p = 0.015), tumor numbers ≥ 3 (HR = 2.68, 95% CI: 1.38–5.21, p = 
0.004), peritumoral enhancement (present vs absent, HR = 1.81, 95% CI: 0.98–3.33, p = 0.05), presence of extrahepatic 
metastasis (HR = 2.32, 95% CI: 1.21–4.44, p = 0.011), and ΔAER < 15% (HR = 2.16, 95% CI: 1.22–3.83, p = 0.009). 
Detailed results are provided in Table 4.

Figure 3 The nomogram to predict objective response in Camrelizumab plus Apatinib treatment for unresectable hepatocellular carcinoma. (a) The nomogram was 
developed with alpha-fetoprotein (AFP), neutrophil-to-lymphocyte ratio (NLR), tumor numbers, and a decrease ratio of arterial phase contrast-enhancement (ΔAER). 
A vertical line was made according to the value of the total points to determine the probability of objective response. (b) Validity of the predictive performance of the 
nomogram in estimating the risk of objective response in the 1,000 bootstrap resamples. (c) Decision curve analysis (DCA) of the prediction model, the x-axis shows the 
probability threshold that is the minimum predicted risk at which treatment would be chosen. The y-axis shows net benefit, interpreted as the number of true-positive 
decisions per patient after accounting for unnecessary treatments. Model curves are compared with treat-all and treat-none; higher net benefit indicates greater clinical 
utility.
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OS Predictive Model Construction and Validation 
The independent factors mentioned above (NLR, tumor numbers, ΔAER, peritumoral enhancement, and extrahepatic 
metastasis) were used to build an OS predictive model. The model’s AUC for predicting 1-year and 2-year survival rates 
was 0.848 (95% CI: 0.717–0.910) and 0.866 (95% CI: 0.734–0.944), respectively. Nomograms were built based on the 
clinical and CT features to predict the OS, calibration curves showed excellent agreement between predicted and actual 
probabilities, and internal validation using 1,000 bootstrap resamples yielded a C-index of 0.76, DCA further confirmed 
the model’s clinical utility (Figure 5).

Subgroup Analysis
We performed additional subgroup analysis by cirrhosis and BCLC stage and added results to the Supplementary 
Materials: Subgroup Analysis.

Discussion
This study evaluated the prognostic value of combining clinical features with CT-enhanced imaging in predicting the 
efficacy and survival outcomes of patients with unresectable HCC treated with Camrelizumab plus Apatinib. Our results 
identified AFP (≥400 ng/mL), neutrophil-to-lymphocyte ratio (NLR ≥ 3.2), Tumor numbers (≥3), and arterial enhance
ment ratio change (ΔAER < 15%) as independent risk factors for OR, with a predictive model AUC of 0.874. 
Additionally, AFP (≥400 ng/mL), PIVKA-II (≥732 mAU/mL), Tumor numbers (≥3), and ΔAER (<15%) were 

Table 3 Univariate and Multivariate Cox Regression Analysis of Clinical and CT Features for Progression-Free 
Survival

Variable Univariate Cox Regression Multivariate Cox Regression

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

Age (≥60 vs <60years) 1.32(0.71–2.45) 0.375 —
Gender (male vs female) 1.06(0.54–2.08) 0.870 —

Hepatitis B (Presence vs Absence) 1.86(0.45–7.64) 0.387 —

Cirrhosis (Presence vs Absence) 1.25(0.59–2.63) 0.553 —
BCLC stage (C vs B) 1.64(0.90–3.01) 0.103 —

Child-pug (B vs A) 0.61(0.22–1.68) 0.341 —

ECOG PS (1 vs 0) 0.96(0.56–1.65) 0.880 —
Albumin (≥34.8 vs <34.8g/L) 1.20(0.73–1.98) 0.468 —

ALT (≥38.5 vs <38.5 U/L) 1.59(0.97–2.64) 0.068 1.39(0.82–2.38) 0.225

AST (≥63.5 vs <63.5 U/L) 1.41(0.83–2.38) 0.199 —
HBV-DNA (≥104 vs <104IU/ mL) 1.10(0.65–1.86) 0.727 —

AFP (≥400 vs <400 ng/mL) 2.42(1.42–4.09) 0.001 2.04(1.15–3.64) 0.015

PIVKA-II (≥732 vs <732 mAU/mL) 2.25(1.33–3.81) 0.002 2.05(1.14–3.66) 0.016
NLR (≥3.2 vs <3.2) 1.45(0.88–2.39) 0.147 —

PLR (≥136.2 vs <136.2) 1.39(0.84–2.29) 0.197 —

Tumor numbers (≥3 vs <3 ) 2.27(1.34–3.85) 0.002 2.53(1.47–4.34) 0.001
Tumor size (≥10 vs <10cm) 1.04(0.62–1.73) 0.886 —

Tumor margin (Non-smooth vs Smooth) 1.34(0.77–2.33) 0.293 —

Internal artery (Presence vs Absence) 1.13(0.64–2.01) 0.671 —
Peritumoral contrast enhancement (Presence vs Absence) 1.20(0.73–1.98) 0.467 —

Tumor in portal venous (Presence vs Absence) 1.53(0.93–2.53) 0.095 1.05(0.62–1.78) 0.860

Tumor in hepatic venous (Presence vs Absence) 1.60(0.89–2.88) 0.117
Extrahepatic metastases (Presence vs Absence) 2.12(1.28–3.52) 0.004 1.01(0.57–1.79) 0.977

ΔAER (<15% vs ≥15%) 2.18(1.32–3.58) 0.002 2.57(1.54–4.33) <0.001

Abbreviations: HR, hazard Ratio; ALT, alanine aminotransferase; AST, aspartate aminotransferase; AFP, alpha-fetoprotein; PIVKA-II, prothrombin 
induced by vitamin K absence-II; AST, aspartate aminotransferase; HBV-DNA, Hepatitis B virus DNA load; NLR, neutrophil-to-lymphocyte ratio; PLR, 
platelet-to-lymphocyte ratio; ΔAER, decrease ratio of arterial phase contrast-enhancement; BCLC stage, Barcelona clinic liver cancer staging system; 
ECOG PS, eastern cooperative oncology group performance status.
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independent predictors of PFS, with an AUC of 0.859. NLR (≥3.2), Tumor numbers (≥3), peritumoral enhancement, 
extrahepatic metastasis, and ΔAER (<15%) were significant predictors for OS, yielding AUCs of 0.848 and 0.866 for 1- 
and 2-year survival, respectively.

In this study, elevated baseline AFP (≥400 ng/mL) was an independent predictor for both ORR and PFS. This finding 
aligns with previous studies on HCC systemic treatment, which suggested that AFP contributes to immune escape in HCC 
cells, potentially through mechanisms like inducing PD-L1 expression in immune cells.17 AFP may impair antigen 
presentation by inducing immunosuppressive dendritic phenotypes. Mao et al18 demonstrated that preoperative AFP levels 
were strongly correlated with OS and recurrence-free survival (RFS) in HCC patients post-resection. A meta-analysis of the 
REACH19 and REACH-220 studies also found that patients with AFP levels between 400 and 1,000 ng/mL had longer OS 

Figure 4 The nomogram to predict progression-free survival (PFS) in Camrelizumab plus Apatinib treatment for unresectable hepatocellular carcinoma. (a) The nomogram 
was developed with alpha-fetoprotein (AFP), prothrombin induced by vitamin K absence-II (PIVKA-II), tumor numbers, and a decrease ratio of arterial phase contrast- 
enhancement (ΔAER). A vertical line was made according to the value of the total points to determine the probability of PFS. (b) Validity of the predictive performance of the 
nomogram in estimating the risk of PFS in the 1,000 bootstrap resamples. (c) Decision curve analysis (DCA) of the prediction model, Y-axis represents the net benefit, the 
X-axis is the probability threshold.
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compared to those with AFP >1,000 ng/mL. In contrast, a study from South Korea analyzing 121 patients treated with 
atezolizumab plus bevacizumab reported no significant association between baseline AFP (≥400 ng/mL) and OS (p = 0.277) 
or PFS (p = 0.923). However, patients who showed a ≥30% decrease in AFP after treatment had a higher ORR compared to 
those without this decline (42.6% vs 21.5%, p = 0.017).21 And others suggest AFP ≥400 ng/mL was independent risk 
factors for poor prognosisin in patients with advanced HCC after the failure of sorafenib.22 While AFP alone may not be 
sufficient to predict treatment efficacy, its role as an independent risk factor for targeted immunotherapy outcomes warrants 
attention. This highlights regional heterogeneity in biomarker performance.

PIVKA-II is a specific tumor marker for HCC, associated with poor tumor behaviors such as proliferation, metastasis, 
and invasion. PIVKA-II promotes tumor thrombus formation, contributing to vascular invasion. In our study, PIVKA-II 
(≥732 mAU/mL) was an independent factor affecting PFS (HR = 2.05). Previous research supports PIVKA-II as 
a potential tool for predicting vascular invasion, metastasis, and recurrence, and it has been used to evaluate prognosis 
after liver resection and ablation.23,24 Chon et al21 also demonstrated that baseline PIVKA-II (≥186 mAU/mL) was an 
independent predictor of poor OS and PFS in patients treated with atezolizumab and bevacizumab, further validating its 
prognostic value.

In our study, baseline NLR (≥3.2) emerged as an important serum marker for predicting both OR and OS. High 
baseline NLR was an independent risk factor for poor treatment outcomes and shorter OS. Neutrophils produce 
inflammatory mediators that promote tumor development, angiogenesis, and metastasis, while lymphocytes play a role 
in inducing cytotoxic death and inhibiting tumor proliferation. Given that most HCC cases are linked to chronic 
inflammation and liver fibrosis, often caused by viral infections or other factors, NLR has been shown to affect the 

Table 4 Univariate and Multivariate Cox Regression Analysis of Clinical and CT Features for Overall Survival

Variable Univariate Cox Regression Multivariate Cox Regression

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

Age (≥60 vs <60years) 1.10(0.56–2.16) 0.773 —

Gender (male vs female) 0.98(0.46–2.11) 0.977 —
Hepatitis B (Presence vs Absence) 0.90(0.32–2.50) 0.842 —

Cirrhosis (Presence vs Absence) 1.15(0.49–2.72) 0.742 —

BCLC stage (C vs B) 6.90(2.14–22.22) 0.001 —
Child-pug (B vs A) 1.90(0.92–3.94) 0.082 —

ECOG PS (1 vs 0) 1.75(0.99–3.08) 0.054 —
Albumin (≥34.8 vs <34.8g/L) 0.73(0.41–1.28) 0.272 —
ALT (≥38.5 vs <38.5 U/L) 1.74(0.98–3.06) 0.057 —

AST (≥63.5 vs <63.5 U/L) 1.72(0.97–3.04) 0.062 —

HBV-DNA (≥104 vs <104IU/ mL) 1.42(0.79–2.52) 0.236 —
AFP (≥400 vs <400 ng/mL) 1.99(1.12–3.52) 0.018 1.36(0.74–2.53) 0.324

PIVKA-II (≥732 vs <732 mAU/mL) 1.64(0.93–2.91) 0.090 —

NLR (≥3.2 vs <3.2) 2.45(1.38–4.34) 0.002 2.07(1.15–3.73) 0.015
PLR (≥136.2 vs <136.2) 1.23(0.70–2.17) 0.465 —

Tumor numbers (≥3 vs <3 ) 2.97(1.57–5.63) 0.001 2.68(1.38–5.21) 0.004

Tumor size (≥10 vs <10cm) 1.75(0.99–3.08) 0.053 —
Tumor margin (Non-smooth vs Smooth) 2.85(1.33–6.10) 0.007 1.19(0.21–6.72) 0.839

Internal artery (Presence vs Absence) 1.54(0.77–3.09) 0.224 —

Peritumoral contrast enhancement (Presence vs Absence) 1.89(1.05–3.39) 0.014 1.81(0.98–3.33) 0.049
Tumor in portal venous (Presence vs Absence) 2.03(1.14–3.62) 0.016 1.08(0.53–2.18) 0.831

Tumor in hepatic venous (Presence vs Absence) 2.32(1.25–4.03) 0.007 0.96(0.43–2.16) 0.916

Extrahepatic metastases (Presence vs Absence) 3.09(1.71–5.59) <0.001 2.32(1.21–4.44) 0.011
ΔAER (<15% vs ≥15%) 2.14(1.22–3.77) 0.008 2.16(1.22–3.83) 0.009

Abbreviations: HR, hazard Ratio; ALT, alanine aminotransferase; AST, aspartate aminotransferase; HBV-DNA, Hepatitis B virus DNA load; AFP, alpha- 
fetoprotein; PIVKA-II, prothrombin induced by vitamin K absence-II; AST, aspartate aminotransferase; NLR, neutrophil-to-lymphocyte ratio; PLR, 
platelet-to-lymphocyte ratio; ΔAER, decrease ratio of arterial phase contrast-enhancement; BCLC stage, Barcelona clinic liver cancer staging system; 
ECOG PS, eastern cooperative oncology group performance status.
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Figure 5 The nomogram to predict overall survival (OS) in Camrelizumab plus Apatinib treatment for unresectable hepatocellular carcinoma. (a) The nomogram was 
developed with neutrophil-to-lymphocyte ratio (NLR), tumor numbers, decrease ratio of arterial phase contrast-enhancement (ΔAER), peritumoral enhancement, and 
extrahepatic metastasis. A vertical line was made according to the value of the total points to determine the probability of OS. (b and c) Validity of the predictive 
performance of the nomogram in estimating the risk of OS in the 1,000 bootstrap resamples. (d and e) Decision curve analysis (DCA) of the prediction model, Y-axis 
represents the net benefit, the X-axis is the probability threshold.
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efficacy of targeted therapy25 or combined with immunotherapy26 in several studies. Chon et al27 found that patients with 
baseline NLR <2.5 had higher ORR than those with NLR ≥2.5 (39.0% vs 19.4%, p = 0.017). Although NLR is a simple 
and accessible biomarker, its optimal cut-off value remains controversial, and larger, multicenter prospective studies are 
needed to establish the most appropriate threshold.

Tumor numbers (≥3) was another key factor affecting both PFS and OS in our study. Existing studies reported that 
tumor multiplicity was an independent predictors associated with late recurrence after HCC resection,28 and the post
operative adjuvant transarterial chemoembolization achieved significant recurrence-free survival and OS improvements 
in HIPC3 (internal arteries present and diameter >5 cm, or two or three tumors) patients.29 In our study, we chose the cut- 
off of ≥3 tumors due to the advanced stage of our patient population, in which 69.7% had multiple tumors. A study30 

comparing TACE combined with Apatinib plus PD-1 inhibitors to TACE combined with Apatinib in advanced HCC also 
found that Tumor numbers ≥ 3, AFP ≥ 400 ng/mL, and distant metastasis were independent predictors of OS, consistent 
with our findings.

CT-enhanced imaging features were validated in our study for their prognostic value. Peritumoral contrast- 
enhancement was an important factor affecting OS (HR = 1.81), this feature may represent compensatory arterial 
hyperperfusion due to microvascular invasion,15 which has been identified as an independent risk factor for early 
recurrence and poor prognosis in HCC. Additionally, ΔAER was a significant independent predictor for OR, OS, and 
PFS. Patients with ΔAER ≥ 15% had better ORR and improved survival. As the mechanism of action of targeted therapy 
primarily involves blocking tumor angiogenesis and inducing ischemic necrosis,31 early evaluations showing reduced 
arterial enhancement in effective patients are expected. Colagrande et al32 showed that the volume of enhancement of 
disease is a novel radiologic parameter obtained by CT arterial enhancement coefficient, which could be helpful in 
selecting patients who are more likely to respond to sorafenib. ΔAER is an easily obtainable and simple metric that could 
become a crucial indicator for evaluating the efficacy of targeted immunotherapy for HCC in the future. Although ΔAER 
was a strong predictor, its biological underpinning remains speculative. Further studies correlating imaging with 
microvessel density or necrosis are warranted.

This study has several limitations. First, its retrospective design introduces inherent selection bias, and the relatively 
short follow-up period prevents long-term survival analysis beyond three years. Second, being a single-center study with 
a limited sample size, our findings may lack generalizability, despite internal validation through 1,000 bootstrap 
resamples. External validation from other institutions or larger datasets is necessary to strengthen the model’s applic
ability. Last but not least, our predictive model lacks functional MR imaging data, which could improve accuracy. Future 
studies incorporating radiomics and deep learning in conjunction with MRI may help build a more comprehensive 
prediction model.

In conclusion, our findings suggest that contrast-enhanced CT features and clinical biomarkers such as AFP, NLR, 
tumor multiplicity, and ∆AER are statistically associated with prognosis in unresectable HCC treated with Camrelizumab 
plus Apatinib. These predictors, integrated into nomograms, may aid personalized treatment planning. Future work 
integrating MRI radiomics and liquid biopsy maybe potentially enhance predictive accuracy and clinical translation.
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