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Purpose: To investigate the prognostic value of inflammatory indexes based on peripheral blood cells in unresectable hepatocellular 
carcinoma (HCC) patients treated with Lenvatinib combined with PD-1 inhibitors.
Methods: This study retrospectively collected baseline inflammatory indexes from HCC patients received Lenvatinib and PD-1 
inhibitor-based combination therapy at the Cancer Hospital of the Chinese Academy of Medical Sciences between October 2018 and 
October 2021. The optimal threshold values for inflammatory indexes determined using X-tile. The factors related to treatment 
response and survival outcomes were analyzed through logistic regression and Cox regression, respectively. A novel preoperative 
prognostic nomogram was constructed based on inflammatory indexes, and the predictive efficacy of the nomogram and BCLC staging 
was compared by the area under the ROC curve.
Results: 156 eligible patients with unresectable HCC were included, with median OS and PFS of 23.8 and 11.5 months, respectively, 
and ORR of 48.7%. The baseline SIRI was an independent factor of treatment response, with a significantly higher ORR for patients 
with a SIRI <0.8 than for patients with a SIRI ≥0.8 (59.7% vs 41.5%, P=0.03). SIRI and PNI were independent prognostic factors of 
PFS, and SIRI was an independent prognostic factor of OS. The AUC value of nomogram based on baseline SIRI, PNI, and tumor 
distribution in predicting the 6-,12- and 18-month PFS of patients was significantly higher than that of traditional BCLC stage, and its 
prediction performance was substantially better than that of BCLC stage system (C-index, 0.730 vs 0.535).
Conclusion: The baseline SIRI could be used as a potential non-invasive biomarker to predict the efficacy and survival benefit of 
immune combination therapy for HCC. The nomogram based on inflammation indexes could achieve better prediction performance 
and help clinicians to identify high-risk patients and formulate treatment plans.
Keywords: lenvatinib, PD-1 inhibitor, inflammatory indexes, hepatocellular carcinoma

Introduction
Hepatocellular carcinoma (HCC) stands as the predominant form of primary liver cancer and is recognized globally as 
a major contributor to cancer-related fatalities.1 The incidence rate of primary HCC in China accounts for more than half 
of the global total.2,3 Individuals diagnosed with early-stage HCC have the potential to attain an optimistic prognosis 
through the application of curative interventions, which encompass procedures such as surgical liver resection, liver 
transplantation, or local ablation therapies. However, most HCC patients are diagnosed as unresectable intermediate and 
advanced-stage HCC, and these patients struggle to achieve long-term survival due to significant tumor heterogeneity.4

The continuous updating of systemic therapies such as immune checkpoint inhibitors (ICIs) and molecular targeting 
agents (MTAs) and has changed the therapeutic prospects of unresectable HCC.5,6 The first-line MTA such as sorafenib 
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or Lenvatinib may moderately prolong survival in patients with unresectable HCC.7 Previous clinical trials have shown 
pembrolizumab or nivolumab to exhibit promising anti-tumor efficacy in HCC.8,9 Unfortunately, the survival prognosis 
of patients with HCC remains poor due to low response to MTA or ICI monotherapy. Surprisingly, the combination 
therapy of MTA and ICIs, such as Atezolizumab plus bevacizumab,10 bevacizumab biosimilar plus sintilimab,11 

lenvatinib plus pembrolizumab,12 apatinib plus camrelizumab,13 have broken through the current bottleneck in the 
treatment strategy of unresectable HCC with excellent anti-tumor efficacy. However, patients respond differently to 
immunotherapy due to the heterogeneity and complex etiology of HCC.

Exploration of biomarkers of immunotherapy has been a research hotspot in cancer immunotherapy. Current 
biomarker studies on immunotherapy of HCC mainly included tumor genomic features, tumor mutation burden, PD- 
L1 expression, and microsatellite instability.14,15 However the clinical application of these biomarkers was limited 
due to invasive operations and high costs. An increasing number of researches indicated that the immunological 
nutritional status and inflammatory status are closely related to the prognosis of cancer patients.16–18 Inflammation- 
based scores, such as the Neutrophil lymphocyte ratio (NLR), Platelet-to-lymphocyte ratio (PLR), Lymphocyte 
monocyte ratio (LMR), Prognostic nutrition index (PNI), Systemic immune-inflammatory index (SII), Systemic 
inflammatory response index (SIRI) and the C-reactive protein (CRP), have shown good prognostic value in 
immunotherapy for esophageal cancer, non-small cell lung cancer, and intrahepatic cholangiocarcinoma.19–22 

Various inflammatory scores such as PLR, NLR, SII, and PNI have been shown to serve as predictors to predict 
the survival of surgical or local treatment for HCC.23–26 Importantly, NLR ≥ 5 and PLR ≥ 300 have been reported to 
serve as biomarkers in unresectable HCC patients treated with Atezolizumab plus Bevacizumab.27 A previous study 
reported that patients with an NLR<5 both pre- and post-nivolumab had significantly improved OS compared to 
patients with an NLR ≥ 5 pre- and posttreatment. There was also a significant inverse relationship between OS and 
PLR tertiles (<119; ≥ 119 and <224; ≥ 224).28 In addition, survival outcomes of HCC patients treated with anti-PD 
-1 therapy with PNI >48 were reported to be superior to those with PNI ≤ 48.29

Up to now, the prognostic value of inflammatory indicators derived from peripheral blood in HCC immunotherapy 
has not been fully elucidated. Accordingly, the main objective of this study was to explore the predictive value of 
peripheral blood inflammatory markers in HCC patients receiving the combination therapy of TKIs and ICIs. 
Subsequently, this study would establish a novel and efficient predictive model to assist clinicians in selecting patients 
who benefit from combination therapy and guiding individualized treatment plans.

Materials and Methods
Study Population
The patients diagnosed with unresectable HCC from the National Cancer Center were included in this study between 
October 2018 and December 2021. The inclusion criteria for this study were as follows: unresectable HCC 
diagnosed as Barcelona Clinic Liver Cancer (BCLC) B or C stage by clinical guidelines,4,30 18–75 years old 
years old, Eastern Cooperative Oncology Group Performance Status score (ECOG PS) of 0–1, liver function as 
Child-Pugh A or B class (≤ 7 points), Alanine aminotransferase (ALT) and/or aspartate aminotransferase (AST)<3 
times the upper limit of normal values, Total bilirubin (TBIL)<1.5 times the upper limit of normal value, HBV 
DNA≤ 500 IU/mL, at least one measurable target lesion evaluated based on modified Response Evaluation Criteria 
in Solid Tumors (mRECIST),31 and appropriate hematologic and organ function. The exclusion criteria were as 
follows: ≥75 years old years old, active autoimmune disease, the patient had previously received antitumor 
treatment, such as TKIs, ICIs, and local interventional therapy, other malignant tumors, incomplete medical 
information, symptomatic brain metastasis, and loss of follow-up.

This study was approved by the Institutional Review Boards of the National Cancer Center (NCC2019KZ-010) and 
complied with the ethical guidelines of the 1975 Declaration of Helsinki, Written informed consent for the treatment was 
obtained from each patient. The need for written informed consent to publish the data was waived by the Ethics 
Committees, since the personal details of these patients were kept confidential.
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Treatment Procedure
Eligible patients who received the combination therapy participated in this study. The treatment plan was ultimately 
decided by the multidisciplinary consultation team. Patients were given either 8mg or 12mg of Lenvatinib orally daily 
and a PD-1 inhibitor, including camrelizumab (Hengrui Pharma, Lianyungang, China), tislelizumab (BeiGene, Shanghai, 
China) and sintilimab (Innovent Biologics, Suzhou, China). Treatment interruption or dose adjustment may be due to the 
disease progression and intolerable drug toxicity.

Data Collection and Follow-Up
Neutrophil, lymphocyte, monocyte, and platelet counts from peripheral blood ≤1 week before combination therapy and 
other required clinical parameters were also collected. Variables included maximum tumor diameter, tumor number, 
hepatitis B virus (HBV) infection, presence of liver cirrhosis, Child-Pugh grade, ALBI grade, serum alpha-fetoprotein 
(AFP), aspartate transaminotransferase (AST), total bilirubin (TBIL), alanine aminotransferase (ALT), serum glutamyl-
transferase (GGT) level, albumin (ALB), C-reactive protein. The calculation formulas of inflammatory scores based on 
peripheral blood cells were as follows:

(1) PNI = 10 albumin (g/dL) + 0.005 total lymphocyte number (/ μ L).
(2) NLR = neutrophil count/lymphocyte count.
(3) SII= platelet count, neutrophil count/lymphocyte count.
(4) PLR = platelet count/lymphocyte count.
(5) LMR = lymphocyte count/monocyte count.
(6) SIRI = neutrophil count × monocyte count/lymphocyte count.
(7) APRI = aspartate aminotransferase/platelet count.
(8) ANRI = aspartate aminotransferase/neutrophil count.
A comprehensive evaluation of treatment response based on imaging and clinical indicators would be conducted every two 

treatment cycles until the patient’s disease progresses or death and the final follow-up period will be until February 28, 2023.

Outcomes and Assessments
The primary endpoints were overall survival (OS) and progression-free survival (PFS). OS was the time interval from 
initial therapy to death from any cause and PFS was the time from initial treatment to first progression or death. 
Treatment response as assessed by mRECIST was the secondary endpoints. Tumor response was assessed by contrast- 
enhanced MR or CT every 4 to 8 weeks and classified as progressive disease (PD), stable disease (SD), partial response 
(PR), and complete response (CR) based on mRECIST. The “treatment response” in this study referred to the optimal 
tumor response among all tumor evaluation time points. The patients were divided into two groups according to the 
optimal tumor response, of which the patients with CR and PR were the treatment responder group (R group), and the 
patients with SD and PD were the treatment non-responder group (NR group). The best objective response rate (ORR)= 
(CR + PR) / 100% of total patients, and the disease control rate (DCR)= (CR + PR + SD) / 100% of total patients.

Statistical Analysis
Baseline characteristics and response rates were expressed in terms of frequencies and percentages, and variables were 
indicated as either the mean (range) or median (standard deviation). Categorical and continuous variables were analyzed 
with chi-square and t-tests, respectively. The Kaplan–Meier method was used to estimate OS and PFS, and univariate and 
multivariate regression analyses were used to analyze the prognostic factors of OS and PFS. The survival prediction model 
(6,12 and 18 months PFS) was calculated by multiple factor analysis (variables with P values<0.05), and internal validation 
was achieved through five hundred bootstraps resamples. The performance of the prediction model was evaluated by the 
concordance index (C-index) and time-dependent receiver operating characteristic (t-ROC) curve. The optimal cut-off 
value for the inflammatory scores was evaluated by the X-tile 3.6.1 software.32 Data analysis and graphical visualization 
were implemented using R software (version 3.6.2). P < 0.05 was considered statistically significant.
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Results
Baseline Characteristics of the Patients
Table 1 shows the baseline characteristics of the patients who participated in the study. A total of 156 eligible HCC 
patients participated in this study, with a mean age of 55.7 years, 131 male patients (84.0%), and 140 hBV-infected 
patients (89.7%). The overall tumor burden of the patients was high, and the mean diameter of the largest tumor was 
10.0cm (median 9.0cm, range 1.2~26.1cm). There were 96 patients with BCLC stage C (61.5%), 62 patients with portal 
vein tumor thrombus (39.7%), and 56 patients with extrahepatic metastases (35.9%).

Table 1 Patient Demographics and Clinical Characteristics

Characteristics Total 
(n=156)

R Group  
(n=76)

NR Group  
(n=80)

P value

Sex 0.108
Male 131 68 63

Female 25 8 17

Age, median(range) years 1
<60 116 57 59

≥60 40 19 21

ECOG-PS 0.236
0 150 75 75

1 6 1 5

Hepatitis B 0.914
Yes 140 69 71

No 16 7 9

Cirrhosis 0.418
Yes 80 42 38

No 76 34 42

Child-Pugh grade 0.714
A 138 66 72

B 18 10 8

Largest-tumor size (mean, cm) 0.135
<10 88 48 40

≥10 68 28 40

Tumor number 0.364
Single 109 26 21

Multiple 47 50 59
Tumor distribution 0.05

Single lobe 85 48 37

Double lobe 71 28 43
PVTT 1

Yes 94 46 48

No 62 30 32
Extrahepatic metastasis 0.942

Yes 56 48 52

No 100 28 28
BCLC stage 0.569

B 60 27 33

C 96 49 47
AFP (ng/mL) 0.892

<400 84 40 44

≥400 72 36 36

(Continued)
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In this study, all patients received at least two cycles of combination therapy with a total of 1233 cycles of PD-1 
inhibitor (median 7 cycles) and a median duration of Lenvatinib of 10.8 months.

The Optimal Cut-off (Threshold) for Inflammatory Scores
To avoid different standard deviations in the threshold values of inflammatory scores in this cohort, the optimal cut-off 
values for PLR, LMR, NLR, SII, SIRI, APRI, PNI, ANRI, and CRP associated with PFS were determined in this study 
by uniformly using the X-tile. The optimal cut-off values for PLR, LMR, NLR, SII, SIRI, APRI, PNI, ANRI, and CRP 
were 78.1, 5.3, 4.4, 244.8, 0.8, 53.0, 0.6, 10.4, and 0.3, respectively.

The Correlation Between Inflammatory Indicators and Treatment Response
The ORR in this study was 48.7% and the DCR was 75.0% based on the mRECIST criteria. Patients were divided into 
treatment responder group and non-responder group based on treatment response, with patients with CR and PR as the 
treatment responder group (76 patients, 48.7%) and patients with SD and PD as the treatment non-responder group (80 
patients, 51.3%). The median PFS and OS of patients in the treatment responder group were 19.8 months and 30.9 
months, respectively, which were significantly higher than those of patients in the treatment non-responder group, which 
were 9.5 months and 18.4 months (Figure 1: Kaplan-Meier curves for PFS (A) and OS (B) of patients in the treatment 
responder (R) and non-responder (NR) group, P < 0.001).

In the present study, the further correlation analyses of treatment response (Table 2) showed that the SIRI (<0.8 vs 
≥0.8, HR=0.255, P<0.001), was independently associated with treatment response. The ORR of the patients with SIRI 
<0.8 was significantly higher than that of the patients with SIRI ≥0.8 (59.7% vs 41.5%, P =0.03), which can serve as 
a potential biomarker for predicting treatment response.

Table 1 (Continued). 

Characteristics Total 
(n=156)

R Group  
(n=76)

NR Group  
(n=80)

P value

AST (U/L) 0.786
<40 102 25 29

≥40 54 51 51

ALT ((U/L) 0.764
<40 83 39 44

≥40 73 37 36

ALB (g/l) 1
<40 108 53 55

≥40 48 23 25

TBIL (μmol/l) 0.739
<17.1 81 41 40

≥17.1 75 35 40

PLT (10^9/L) 0.694
<100 12 7 5

≥100 144 69 75

GGT (U/L) 0.233
<50 28 17 11

≥50 128 59 69

Note: Data were presented as n (%) or mean ± standard deviation. 
Abbreviations: R, treatment responder; NR, treatment non-responder; ECOG-PS, Eastern Cooperative 
Oncology Group performance status; PVTT, portal vein tumor thrombus; BCLC, Barcelona Clinic Liver 
Cancer; AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total 
bilirubin; ALB, albumin; PLT, platelet; GGT, g-glutamyl transpeptidase.
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The Correlation Between Inflammatory Indicators and Survival
The median follow-up time for participants in the study was 17 months, and by the end of follow-up, median PFS of 11.5 
months (95% CI:10.7–13.8 months), and median OS of 23.8 months (95% CI:20.9–29.0 months). The univariate survival 
analysis indicated that the tumor distribution (double lobe vs single lobe; HR=3.504, P<0.001), CRP (≥0.3 vs <0.3; 
HR=1.674, P=0.023), SIRI (≥0.8 vs <0.8, HR=1.721, P=0.008) and PNI (<53.0 vs ≥53.0, HR=1.616, P=0.030) were the 
associated factors of PFS (Table 3). The multifactorial Cox proportional risk regression model showed that SIRI (≥ 0.8 
vs<0.8, HR=3.593, P<0.001), PNI (<53.0 vs ≥53.0, HR=1.823, P=0.007), and tumor distribution (double lobe vs single 
lobe; HR=5.421, P<0.001) were independent influencing factors for PFS (Table 3).

In addition, univariate analysis showed that tumor distribution (double lobe vs single lobe; HR=3.256, P<0.001), 
portal vein thrombus (yes vs no; HR=1.793, P=0.016), BCLC stage (C vs B; HR=2.606, P<0.001), extrahepatic 
metastasis (yes vs no; HR=2.272, P<0.001) and SIRI (≥0.8 vs <0.8; HR= 2.027, P=0.006) were relevant factors for 

Figure 1 Kaplan-Meier curves for PFS (A) and OS (B) of patients in the treatment responder (R) and non-responder (NR) group.

Table 2 Logistic Regression Analysis of Treatment Response

Factor Logistic Regression

Univariate Analysis Multivariate Analysis

OR (95% CI) P value OR (95% CI) P value

BCLC stage (C/B) 1.274(0.668–2.445) 0.463
Largest tumor size (<10/≥10cm) 0.583(0.306–1.102) 0.099

Tumor distribution (Single lobe/double lobe) 0.275(0.139–0.528) <0.001 0.170(0.074–0.361) <0.001

PVTT (Yes/No) 0.978(0.514–1.86) 0.946
Extrahepatic metastasis (Yes/No) 1.083(0.562–2.089) 0.811

AFP (<400/≥400ng/mL) 1.100(0.586–2.069) 0.767

CRP (<0.3/≥0.3mg/L) 0.641(0.318–1.278) 0.209
NLR (<5.3/≥5.3) 2.538(0.875–8.407) 0.099

LMR (<4.4/≥4.4) 1.435(0.743–2.79) 0.283

PLR (<78.1/≥78.1) 0.827(0.295–2.285) 0.712
SII (<244.8/≥244.8) 0.479(0.157–1.332) 0.169

SIRI (<0.8/≥0.8) 0.479(0.247–0.915) 0.027 0.255(0.110–0.551) <0.001

PNI (≥53.0/<53.0) 0.703(0.332–1.464) 0.35
ANRI (<10.4/≥10.4) 1.333(0.703–2.546) 0.38

APRI (<0.6/≥0.6) 1.364(0.508–3.77) 0.538

Abbreviations: BCLC, Barcelona Clinic Liver Cancer; PVTT, portal vein tumor thrombus; AFP, alpha-fetoprotein; CRP, C-reactive 
protein.
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OS (Table 4). The multivariate analysis indicated that SIRI (≥ 0.8 vs<0.8; HR=3.426, P<0.001), tumor distribution 
(double lobe vs single lobe; HR=4.521, P<0.001), and extrahepatic metastasis (yes vs no; HR=2.235, P=0.019) were 
independent influencing factors for OS (Table 4).

The Kaplan-Meier curve revealed that the median PFS in patients with SIRI <0.8 and PNI ≥53.0 was significantly 
longer than the median PFS for patients with SIRI≥ 0.8 and PNI<53.0 (both P-values <0.05, Figure 2: Kaplan-Meier 

Table 3 Univariate and Multivariate Analysis of Progression-Free Survival

Factor Progression-Free Survival

Univariate Analysis Multivariate Analysis

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

BCLC stage (C/B) 1.177(0.779–1.778) 0.436 - -

Largest tumor size (≥10/<10cm) 1.383(0.932–2.053) 0.108 - -

Tumor distribution (Single lobe/double lobe) 3.504(2.323–5.285) <0.001 5.421 (3.386–8.677) <0.001
PVTT (Yes/No) 1.191(0.802–1.769) 0.388 - -

Extrahepatic metastasis (Yes/No) 1.409(0.947–2.096) 0.095

AFP (<400/≥400ng/mL) 0.859(0.578–1.276) 0.45 - -
CRP (≥0.3/<0.3) 1.674(1.056–2.654) 0.023 1.008 (0.604–1.682) 0.977

NLR (≥5.3/<5.3) 0.534(0.247–1.152) 0.08

LMR (≥4.4/<4.4) 0.764(0.505–1.155) 0.196 - -
PLR (≥78.1/<78.1) 1.900(0.880–4.100) 0.073

SII (≥244.8/<244.8) 1.894(0.918–3.909) 0.059

SIRI (≥0.8/<0.8) 1.721(1.140–2.597) 0.008 3.593 (2.236–5.773) <0.001
PNI (≥53.0/<53.0) 1.616(1.061–2.461) 0.03 1.823 (1.174–2.830) 0.007

ANRI (≥10.4/<10.4) 0.789(0.531–1.173) 0.244 - -

APRI (≥0.6/<0.6) 0.571(0.288–1.135) 0.085

Abbreviations: BCLC, Barcelona Clinic Liver Cancer; PVTT, portal vein tumor thrombus; AFP, alpha-fetoprotein; CRP, C-reactive 
protein.

Table 4 Univariate and Multivariate Analysis of Overall Survival

Factor Overall Survival

Univariate Analysis Multivariate Analysis

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

BCLC stage (C/B) 2.606(1.5–4.526) <0.001 1.315 (0.504–3.431) 0.575

Largest tumor size (≥10/<10cm) 1.129(0.698–1.823) 0.621

Tumor distribution (Single lobe/double lobe) 3.256(1.919–5.522) <0.001 4.521 (2.500–8.178) <0.001
PVTT (Yes/No) 1.793(1.119–2.875) 0.016 0.841 (0.412–1.714) 0.633

Extrahepatic metastasis (Yes/No) 2.272(1.41–3.661) <0.001 2.235 (1.139–4.387) 0.019

AFP (<400/≥400) 1.21(0.757–1.935) 0.427
CRP (≥0.3/<0.3) 1.417(0.808–2.483) 0.21

NLR (≥5.3/<5.3) 0.894(0.384–2.079) 0.792

LMR (≥4.4/<4.4) 0.696(0.422–1.147) 0.148
PLR (≥78.1/<78.1) 1.345(0.539–3.353) 0.508

SII (≥244.8/<244.8) 1.551(0.623–3.864) 0.315

SIRI (≥0.8/<0.8) 2.027(1.205–3.411) 0.006 3.426 (1.924–6.099) <0.001
PNI (≥53.0/<53.0) 1.546(0.924–2.586) 0.106

ANRI (≥10.4/<10.4) 0.629(0.392–1.01) 0.057

APRI (≥0.6/<0.6) 0.644(0.277–1.493) 0.276

Abbreviations: BCLC, Barcelona Clinic Liver Cancer; PVTT, portal vein tumor thrombus; AFP, alpha-fetoprotein; CRP, C-reactive 
protein.
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curves for PFS of patients with high and low SIRI (A) and PNI (B) group). Baseline SIRI was an independent related 
factor for patient OS, with a median OS of 24.0 months in patients with SIRI <0.8, significantly higher than 19.5 months 
in patients with SIRI ≥0.8 (P =0.007, Figure 3: Kaplan-Meier curves for OS of patients with high and low SIRI group) 
and these results suggest that the SIRI was independently associated with patient survival outcome.

Establishment and Verification of the Nomogram
Tumor distribution, SIRI, and PNI constituted a highly efficient nomogram that can predict the 6-,12- and 18-month 
PFS (Figure 4: Kaplan-Meier curves for OS of patients with high and low SIRI group). The C-index of the present 
nomogram was superior to the BCLC staging system (0.752 vs 0.535, P < 0.001). The t-AUCs of the nomogram of 
6-,12- and 18-month PFS were larger than those of the BCLC staging system (Figure 5A-C: Time-dependent ROC 
curves of the nomogram and BCLC staging system of 6-(A),12-(B) and 18-(C) month PFS, respectively). The 
calibration curves for predicting 6-,12- and 18-month PFS were shown in Figure 5D (Calibration curves for 
predicting 6-, 12- and 18-month PFS).

Figure 2 Kaplan-Meier curves for PFS of patients with high and low SIRI (A) and PNI (B) group.

Figure 3 Kaplan-Meier curves for OS of patients with high and low SIRI group.
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Discussion
Increasing evidence suggests that host immune response and systemic inflammation are closely related in cancer patients, 
and peripheral blood-based inflammatory markers have demonstrated good predictive ability in cancer immunotherapy, 
with the advantages of objectivity, ease of detection, low cost, and reproducibility18. This study explored the impact of 
baseline inflammatory scores on treatment response and survival prognosis in 156 patients with unresectable HCC treated 
with a combination of TKI and PD-1 inhibitors. The results of the study showed that baseline SIRI was an independent 
predictor of therapeutic response to immune-based combination therapy for HCC, with the ORR of patients with SIRI 
<0.8 being significantly higher than that of patients with SIRI ≥0.8 (59.7% vs 41.5%, P=0.03). In addition, baseline SIRI 
and PNI were independent prognostic factors for patient survival. Patients with SIRI <0.8 and PNI≥53.0 had significantly 
longer median PFS than those with SIRI ≥0.8 and PNI <53.0 (both P-values <0.05), and patients with SIRI <0.8 had 
significantly higher median OS than those with SIRI ≥0.8 (24.0 vs 19.5, P=0.007), and nomograms including tumor 
distribution, SIRI and PNI was constructed to predict the 6-,12- and 18-month PFS. Therefore, the nomogram can be 
used by clinicians to develop individualized treatment strategies for HCC patients.

Inflammation is considered a hallmark feature of cancer occurrence and progression.16,17 The results of this study 
indicated that SIRI is independently associated with short-term efficacy and long-term survival in patients with u-HCC 
treated with TKI in combination with PD-1 inhibitors. Neutrophils promote the proliferation, invasion, and metastasis of 
tumor cells and help tumor cells escape immune surveillance.33 In addition, cancer-associated inflammatory cytokines 
such as tumor necrosis factor and IL-6 increase the neutrophil count.34 In addition, lymphocytes hinder tumor growth by 
secreting cytokines and inducing cytotoxic cell death, and the decrease in lymphocyte levels can suppress the patient’s 
immune system and accelerate cancer progression.35,36 Tumor-induced macrophages derived from peripheral monocytes 
not only disrupt the immune system of tumor patients, but also cause infiltration, proliferation, and metastasis of tumor 
cells.37 The circulating monocyte indirectly represents the concentration of tumor-induced macrophages, which is closely 

Figure 4 Nomogram for predicting 6-, 12- and 18-month PFS.
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related to high tumor burden.38 Therefore, the tumor-associated inflammation state causes an elevated SIRI and facilitates 
cancer progression and tumorigenesis, eventually contributing to poor survival prognosis in patients with unresect-
able HCC.

The nutritional and metabolic status of patients with HCC is closely related to the efficacy and survival benefits of 
anti-PD-1 therapy.39 This study found that the baseline nutritional index (PNI) is independently associated with patient 
PFS and can serve as a non-invasive biomarker for predicting the survival prognosis. PNI derived from albumin and 
lymphocyte counts in peripheral blood represents the nutritional status of the patient. On the one hand, the key to 
immunosuppression is the reduction of lymphocyte count (eg, CD8- and CD4-positive T-cells), and lymphopenia leads to 
reduced immunity.40 On the other hand, albumin reflects nutritional status and liver function, which may affect the 
persistence of immunotherapy in HCC patients.41 Therefore, low levels of PNI may affect the long-term survival of HCC 
patients by weakening immune system function.42 In addition, our results suggest that the poor prognosis of patients with 
double-lobed tumors may be related to the spatial heterogeneity of tumor microenvironment (TME) reported in previous 
studies.43–45 And our findings highlight spatial organization as a prominent determinant of tumor progression and provide 

Figure 5 Time-dependent ROC curves of the nomogram and BCLC staging system of 6-(A),12-(B) and 18-(C) month PFS; Calibration curves for predicting 6-, 12- and 18- 
month PFS(D).
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valuable insight into the immune evasion mechanisms driving recurrence. In the future we need to validate our studies in 
larger patient cohorts and focus on mechanisms that may provide a theoretical basis for clinical treatment.

Nomograms are the current simple and efficient model for predicting the recurrence and survival of HCC patients. We 
established a nomogram based on tumor distribution, SIRI, and PNI to predict PFS in HCC patients and the prediction 
accuracy of the nomogram was superior to the conventional BCLC staging system. The physician can directly and 
conveniently predict the PFS by calculating the variable scores in the nomogram. Moreover, this prediction model can 
help physicians identify high-risk groups and help develop personalized treatment strategies. For high-risk patients, it is 
recommended to undergo local treatment (such as ablation, TACE, HAIC, radiotherapy, etc.) to reduce tumor burden, and 
to promptly switch to second-line treatment plans (such as regorafenib, other immune checkpoint inhibitors, etc.) to 
improve patient survival.

The present study still has some limitations. Firstly, this study was a retrospective single-center study with limited 
sample size and inherent bias, We will design a multicenter, prospective randomized controlled trial to further validate 
the conclusions of our study in the future. Secondly, since the heterogeneity of treatment after patients’ disease 
progression may affect the overall survival of patients, we only established a prediction model for PFS instead of OS 
in this study to ensure the rigor and authenticity of the study. Thirdly, most of the patients participating in this study were 
HBV-infected HCC, and more patients with other etiologies will be included in the future study.

In conclusion, this study explored the prognostic significance of peripheral blood-based inflammatory scores in 
unresectable HCC patients treated with the combination therapy of TKIs and ICIs. The preliminary results of this study 
confirmed that baseline systemic inflammatory response index SIRI was an independent prognostic factor of treatment 
response and survival outcome. The SIRI is a potential biomarker for the prediction of prognosis in HCC due to its 
comprehensiveness, simplicity, and low cost in clinical practice. In addition, the comprehensive SIRI-based nomogram 
presented above may help clinicians to identify high-risk patients and to formulate individualized treatment plans.
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