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Purpose: The combination of radiotherapy and monoclonal antibody against programmed cell death 1 (anti-PD1) showed preliminary 
efficacy in hepatocellular carcinoma (HCC). This study aimed to identify the prognostic factors and construct a nomogram to predict 
the overall survival (OS) of patients with advanced HCC after treatment with intensity-modulated radiotherapy (IMRT) plus anti-PD1.
Patients and Methods: The OS and progression-free survival (PFS) of 102 patients with BCLC stage C HCC was analyzed using 
the Kaplan-Meier method. Potential independent prognostic factors were determined using univariate and multivariate Cox regression 
analyses. A nomogram was established to predict prognosis whose accuracy and reliability was verified by a calibration curve and area 
under the receiver operating characteristic curve (AUROC).
Results: The median PFS and OS rates of the 102 patients with advanced HCC were 9.9 months and 14.3 months, respectively. Ninety- 
three patients were evaluated for efficacy, including five (5.38%) with complete response and 48 (51.61%) with partial response, with an 
overall response rate of 56.99%. Grade 3 and 4 adverse reactions (AEs) were observed in 32.35% of patients; no grade 5 AEs occurred. 
Multivariate Cox analysis revealed albumin and alpha-fetoprotein levels, neutrophil counts 3–4 weeks after IMRT initiation, and platelet-to- 
lymphocyte ratio 3–4 weeks after IMRT initiation to be independent prognostic factors. The nomogram model constructed using these 
factors had good consistency and accuracy with 1–3 years AUROC of 78.7, 78.6, and 93.5, respectively.
Conclusion: IMRT plus anti-PD1 showed promising efficacy and controllable adverse reactions in treating advanced HCC. The 
nomogram model demonstrated good reliability and clinical applicability.

Plain Language Summary: The combination of radiotherapy and monoclonal antibody against programmed cell death 1 (anti-PD1) 
showed preliminary efficacy and manageable safety in HCC. We retrospectively evaluated the efficacy and safety of 102 patients with 
advanced HCC treated with intensity-modulated radiotherapy (IMRT) plus anti-PD1. The study shows that the combination showed 
promising efficacy with a median PFS and OS of 9.9 months and 14.3 months, respectively. The adverse reactions were controllable. 
The novel nomogram model established based on independent prognostic factors including albumin, alpha-fetoprotein, neutrophils 
count 3–4 weeks after IMRT initiation and platelet-to-lymphocyte ratio 3–4 weeks after IMRT initiation demonstrated good reliability. 

Keywords: hepatocellular carcinoma, advanced, intensity-modulated radiotherapy, antibody against programmed cell death 1, 
nomogram

Introduction
Hepatocellular carcinoma (HCC) is the sixth most common malignancy and fourth leading cause of cancer death globally.1 

Half of these cases occur in China, making it the fourth most common malignant tumor in China, with the second-highest 
fatality rate among all cancers.2 Of these, 53.6% patients with HCC are diagnosed in advanced stage with poor prognosis.3 
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Sorafenib and lenvatinib were recommended as the first-line therapy for unresectable HCC, which has median overall survival 
(OS) and median progression-free survival (PFS) of 10.7 months, 5.5 months and 13.6 months, 7.4 months, respectively.4,5 In 
comparison, the median OS and PFS of atezolizumab plus bevacizumab were 19.2 months, 6.8 months, with better OS and 
PFS outcomes.6 However, the treatment outcomes in patients with advanced HCC remain unsatisfactory.

Radiotherapy (RT) is a highly effective anticancer therapy that can achieve local control rates between 30% and 50% 
in advanced HCC.7 In recent years, monoclonal antibodies against programmed cell death 1 pathway (anti-PD1) have 
been shown to have a positive therapeutic effect in patients with advanced HCC, with an overall response rate (ORR) of 
approximately 14–17%.8–10

Anti-PD1 can regulate tumor immune environment, while RT causes local tumor killing and systemic immune 
regulation effects, thus enhancing the role of anti-PD1. RT combined with anti-PD1 can achieve certain synergistic effect, 
which can turn “cold” tumors into “hot” tumors, improving the immunogenicity of tumors, thereby enhancing their 
therapeutic effect.11,12 Therefore, the combination of RT and anti-PD1 may be a useful strategy to enhance the anti-tumor 
immune response. Recent studies have found this combination to show significantly promising efficacy and manageable 
safety13,14 providing a novel effective therapeutic strategy for HCC.

Recently, an increasing number of indicators of potential inflammation in peripheral blood, such as the platelet-to- 
lymphocyte ratio (PLR), neutrophil-to-lymphocyte ratio (NLR), and systemic immune-inflammation index (SII), have been 
identified to predict the prognosis of patients with HCC in clinical practice. Our previous studies found that inflammatory 
markers were closely associated with the prognosis of patients with unresectable HCC treated with intensity-modulated 
radiotherapy (IMRT).15 In addition, immunotherapy is closely associated with inflammatory markers.16,17 Therefore, we 
retrospectively evaluated the efficacy and safety, identified prognostic factors including inflammatory markers, and con-
structed a nomogram to predict the OS of patients with advanced HCC treated with IMRT plus anti-PD1.

Materials and Methods
Study Design and Patients
This retrospective study was approved by the Institutional Ethics Committee of the Guangxi Medical University Cancer 
Hospital (LW2023043). The major inclusion criteria were as follows: histologically or clinically confirmed HCC according to 
the American Association for the Study of Liver Diseases criteria, Barcelona Clinic Liver Cancer (BCLC) stage C; Complete 
follow-up data, treatment with IMRT combined with anti-PD1, and patients with or without prior therapy. Patients with BCLC 
stage A or B disease and those with combined intrahepatic cholangiocarcinoma were excluded (Figure 1).

IMRT
The main indication for IMRT included liver tumors with macrovascular invasion; distant metastasis treated with 
palliative IMRT. For patients with bilobar multiple HCCs, as many lesions as possible were chosen for IMRT without 
exceeding the tolerance limits of the organs at risk. All patients underwent enhanced computed tomography (CT) scan at 
2.5–5 mm slice thickness for IMRT planning. CT-positron emission tomography fusion and magnetic resonance imaging 
fusion were performed for identifying extrahepatic metastasis and intrahepatic lesions, respectively. Gross tumor volume 
(GTV) was defined as the tumor focus. The GTV and at-risk organs were contoured using the Pinnacle 3 system (Philips, 
Netherlands) or the MIM software (version 6.8; MIM, USA). The planned target volume (PTV) was defined as the GTV 
plus an asymmetrical dilation of 1 cm in the craniocaudal direction and 5 mm in the axial direction to set the uncertainty 
and respiratory movement. The IMRT plans were designed using Pinnacle 3 or the Monaco treatment planning system 
version 5.1. The final median biologically effective dose, which used α/β ratio = 10 according to the linear-quadratic 
model, was 51 Gy (interquartile range, 40–51 Gy). IMRT was delivered via a 6 MV X-ray linear accelerator (ELEKTA 
Synergy or ELEKTA Versa-HD, Sweden) using cone-beam CT to correct the positions.18

Anti-PD1 Therapy
Anti-PD1 mainly include camrelizumab (Jiangsu HengRui Medicine Co., Ltd.), tislelizumab (BeiGene), pembrolizumab 
(Merck Sharp & Dohme Co., Inc.), sintilimab (Innovent Biologics Co., Ltd.), and toripalimab (Shanghai Junshi Biosciences 
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Co., Ltd.). The dose, injection method, and duration were selected according to manufacturer’s instructions. Anti-PD1 therapy 
was administered continually every 2–3 weeks until disease progression or signs of intolerable toxicity were observed.

Peripheral Blood Immune Parameters
Peripheral blood was collected within 1 week before IMRT to determine the lymphocyte, neutrophil, and platelet counts. Post- 
treatment peripheral blood was tested 3–4 weeks after initiation of IMRT and 1 month after the end of IMRT. The ratios and 
changes in values were calculated as follows: PLR = platelet count / lymphocyte count; NLR = neutrophil count / lymphocyte 
count; SII = (platelet count × neutrophil count) / lymphocyte count; post-PLR = post-platelet count / post-lymphocyte count; 
post-NLR = post-neutrophil count / post-lymphocyte count; post-SII = (post-platelet count × post-neutrophil count) / post- 
lymphocyte count; delta-NLR = post-NLR – NLR; delta-PLR = post-PLR – PLR; and delta-SII = post-SII – SII; change-PLR 
=(post-PLR – PLR) / PLR; change-NLR =(post-NLR – NLR) / NLR; change-SII =(post-SII – SII) / SII. The optimal cutoff 
values for immune parameters were selected according to the area under the receiver operating characteristic (ROC) curve.

Efficacy and Safety
Briefly, the enrollment date was defined as the day IMRT began. Follow-up and imaging examinations including the liver 
image study was performed every 3 months for 2 years and every 6 months thereafter. Its efficacy and safety have been 
previously described.13 The OS was defined as the time from enrollment to death from any cause. Tumor responses were 
evaluated according to the Response Evaluation Criteria in Solid Tumors, version 1.1 (RECIST 1.1). PFS was defined as 
the time between enrollment and the onset of disease progression or death. ORR was defined as the proportion of patients 

Figure 1 Research technology roadmap. 
Abbreviations: Anti-PD1, monoclonal antibody against programmed cell death 1; AUROC, the area under the subject received operating characteristic curve; BCLC, 
barcelona clinic liver cancer; HCC, hepatocellular carcinoma; IMRT, intensity-modulated radiotherapy.
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showing complete response (CR) or partial response (PR). Best overall response corresponds to the best overall tumor 
response assessment at any time-point from the start of the treatment until disease progression. Routine laboratory 
investigations, including full blood count, liver and renal function tests, thyroid function tests, and routine urine and stool 
tests, were conducted to check for adverse reactions. The adverse reactions (AEs) were classified into G0-G5 according 
to the Common Terminology Criteria for Adverse Events of the National Cancer Institute version 5.0.

Statistical Analysis
The R language (version 4.0.3) was used for statistical analysis. Through histogram visualization and the Kolmogorov– 
Smirnov test, non-normal distributions were expressed as the median (quartile). Categorical variables were expressed as 
numbers and percentages. The ROC curve was used to obtain the best cutoff values for continuous variables. The Cox 
proportional hazard model was used to determine the prognostic indicators. A univariate analysis was performed for all 
variables, and the significant ones were included in the multivariate model. Backward stepwise selection was used to select the 
characteristics of multivariate regression models. OS and PFS were estimated using the Kaplan–Meier method. The follow-up 
duration was calculated using the reverse Kaplan–Meier estimate of OS. Statistical significance was set at P < 0.05.

Results
Patient Characteristics
A total of 102 patients with BCLC stage C HCC treated with IMRT combined with anti-PD1 at Guangxi Medical 
University Cancer Hospital were recruited from November 2018 to December 2021. Most patients were infected with 
hepatitis B, 75% had multiple tumors, 66.67% had macrovascular invasion (MVI), 48.04% had extrahepatic metastases, 
and 25.49% could be classified under Child-Pugh class B. Seventy seven percent of these patients received IMRT 
synchronous anti-PD1 treatment. This study included 48 cases receiving IMRT synchronous anti-PD1 treatment as first- 
line treatments, 40 cases as second-line treatments, 11 cases as third-line treatments, and 4 cases as four-line treatments. 
The detailed baseline characteristics of the patients are shown in Table 1.

Table 1 Baseline Characteristics of the Patients

Variables Total, n=102 (%)

Age, >60years 22 (21.57)

Gender, Male 96 (94.12)

HBV infection, present 90 (88.24)
ECOG-PS

0 33 (32.35)

1 68 (66.67)
Child Pugh class

A 76 (74.51)

B 26 (25.49)
TBIL, >21umol/L 30(29.41)

Alb, ≤35g/L 50 (49.02)

AFP, >400ng/mL 53 (51.96)
Liver cirrhosis, present 71 (69.61)

Ascites, present 30 (29.41)

MVI, present 68 (66.67)
Largest tumor size, >86mm 46 (45.10)

Number of tumors, ≥2 77 (75.49)
Extrahepatic metastases, present 49 (48.04)

(Continued)
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Efficacy
The follow-up cutoff date was July 10, 2022. The median PFS and OS of 102 patients with BCLC stage C were 9.9 months (95% 
CI:5.20–14.54) and 14.3 months (95% CI:9.36–19.18), respectively, after a median follow-up of 13.7 months (95% CI:11.21– 
16.25) (Figure 2, Table 2). The 6-, 9-, and 12-month OS rates were 86.2%, 74.2%, and 61.5%, respectively. (Table 2).

Among these patients, 93 showed the best overall response when evaluated based on RECIST 1.1, including 5 patients (5.38%) 
with CR, 48 patients (51.61%) with PR, 20 patients with stable disease and 20 patients with progressive disease. The ORR reached 
56.99% and the overall efficacy rate was satisfactory (Table 2). The best percentage change from baseline in the sum of the longest 
diameters of the target lesions in the 93 patients is shown in the waterfall plot (Figure 3). Briefly, 86 patients (92.5%) achieved tumor 
target lesion shrinkage, and 61 patients (65.6%) achieved ≥ 30% tumor target lesion shrinkage when compared to baseline. One 
patient with intrahepatic lesions and left supraclavicular node metastasis exhibited hyperprogression of the target lesions, extensive 
peritoneal and pleural effusions, and numerous new intrahepatic lesions. The patient died after rapid tumor progression.

Univariate and Multivariate Analyses for OS and PFS
Cox univariate analysis showed that albumin (Alb), alpha-fetoprotein (AFP), number of tumors, and maximum tumor diameter 
affected prognosis. However, extrahepatic metastasis, MVI, cirrhosis, and treatment options did not significantly affect the OS. 

Table 1 (Continued). 

Variables Total, n=102 (%)

Prior treatment

Surgery 39 (38.24)
TACE 73 (71.57)

Targeted therapy 47 (46.08)

Immunotherapy 56 (54.90)
Concurrent targeted therapy 38 (37.25)

Abbreviations: IMRT, intensity-modulated radiotherapy; ECOG- 
PS, eastern cooperative oncology group performance status; TBIL, 
total bilirubin; Alb, albumin; AFP, alpha-fetoprotein; HBV, hepatitis 
B virus; MVI, macrovascular invasion; TACE, transcatheter arterial 
chemoembolization;

Figure 2 Kaplan–Meier analysis of overall and progression free survival.
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The inflammatory indicators were divided into high and low groups according to the cutoff value of the ROC curve. We found that 
the inflammatory indicators 3–4 weeks after IMRT began (3–4W) had a greater impact on OS, including neutrophil count, PLR, 
NLR, and SII, and changed the NLR 1 month after completion of IMRT. In Cox multivariate analysis, Alb > 35 and ≤ 35 g/L (HR 
= 0.047, 95% CI: 0.22–0.99, P = 0.047), AFP > 400 and ≤ 400 ng/mL (HR = 2.33, 95% CI: 1.19–4.58, P = 0.014), neutrophil count 
3–4W > 6.75 and ≤ 6.75 * 109/L (HR = 5.23, 95% CI: 1.78–15.33, P = 0.003), PLR 3–4W > 337.5 and ≤ 337.5 (HR = 2.94, 95% 
CI: 1.22–7.08, P = 0.017) were independent risk factors affecting OS. In addition, Alb, AFP, the number of tumors, concurrent 
targeted therapy with IMRT and anti-PD1 affected PFS, and AFP also was an independent factor (HR = 1.8, 95% CI:1.04–3.11, 
P = 0.036) (Table 3, showing mainly statistically significant indicators in the univariate analysis).

Table 2 Summary of Efficacy Outcomes (N=93)

Outcomes RECIST1.1

Objective response 53(56.99)
Disease control 73(78.49)

Best overall response

CR 5(5.38)
PR 48(51.61)

SD 20(21.51)

PD 20(21.51)
Progression-free survival, median months (95% CI) 9.9 (5.20–14.54)

Overall survival, %
6-month, (95% CI) 86.2 (79.54–89.46)

9-month, (95% CI) 74.2 (73.42–83.02)

12-month, (95% CI) 61.5 (50.92–72.08)
Median overall survival time, months (95% CI) 14.3 (9.36–19.18)

Duration of response, median months (quartile) 4.1(2.28–9.20)

Time to response, median months (quartile) 1.8(1.47–2.65)

Note: Data are N (%, or 95% CI), unless indicated. 
Abbreviations: CR, Complete response; PD, Progressive disease; PR, Partial response; 
SD, Stable disease.

Figure 3 Best percentage change from baseline in sums of diameters of target lesions. 
Abbreviations: CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease.
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Table 3 Univariate and Multivariate Cox Regression Analyses for Overall Survival and Progression-Free Survival

Characteristics Overall Survival Progression Free Survival

Univariable Analysis Multivariable Analysis Univariable Analysis Multivariable Analysis

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

ECOG-PS 0.63(0.35–1.12) 0.116 0.58(0.35–0.98) 0.041 0.61 (0.36-1.05) 0.076

Alb g/L (>35 vs ≤35) 0.40(0.22–0.73) 0.003 0.47 (0.22-0.99) 0.047 0.57(0.34–0.95) 0.031 0.76 (0.43-1.33) 0.332

AFP ng/mL (>400 vs ≤400) 1.79(0.99–3.22) 0.054 2.33 (1.19- 4.58) 0.014 1.95(1.15–3.28) 0.013 1.80 (1.04-3.11) 0.036
Number of tumors (>1 vs ≤1) 2.55(1.14–5.70) 0.023 1.55 (0.65-3.66) 0.323 2.04(1.06–3.93) 0.033 1.32 (0.65-2.68) 0.442

Largest tumor size mm (>86 vs ≤86) 1.88(1.05–3.34) 0.033 0.81 (0.39-1.70) 0.578 1.44(0.87–2.39) 0.159

Concurrent targeted therapy (yes vs no) 0.48(0.21–1.08) 0.076 0.50(0.27–0.93) 0.029 0.59 (0.31-1.13) 0.110
ANC3-4w (>6.75 vs ≤6.75) 4.28(1.93–9.47) 0.000 5.23 (1.78- 15.33) 0.003 2.28(1.07–4.85) 0.032 1.76 (0.79-3.89) 0.164

PLR3-4w (>337.5 vs ≤337.5) 2.06(1.12–3.76) 0.019 2.94 (1.22-7.08) 0.017 1.19(0.71–2.00) 0.508

NLR3-4w (>13.5 vs ≤13.5) 1.91(1.06–3.45) 0.031 0.78 (0.35-1.74) 0.541 1.11(0.65–1.89) 0.703
SII3-4w (>1122.477 vs ≤1122.477) 1.82(1.02–3.24) 0.042 1.23 (0.53-2.85) 0.637 1.32(0.80–2.20) 0.279

Change NLR1m (>-0.803 vs ≤-0.803) 3.67(1.27–10.60) 0.016 2.48 (0.79-7.75) 0.119 1.67(0.60–4.64) 0.324

Abbreviations: Alb, albumin; AFP, alpha-fetoprotein; ANC3-4w, neutrophil count3-4w; ECOG_PS, eastern cooperative oncology group performance status; IMRT, intensity-modulated radiotherapy; NLR3-4w = neutrophil count3-4w / 
lymphocyte count3-4w; NLR = neutrophil count / lymphocyte count; NLR1m = neutrophil count1m / lymphocyte count1m; change NLR1m = (NLR1m – NLR) / NLR; PLR3-4w = platelet count3-4w / lymphocyte count3-4w; SII3-4w = 
platelet count3-4w× neutrophil count3-4w / lymphocyte count3-4w.
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Nomogram and Verification for OS
Four independent risk factors–Alb, AFP, neutrophil count 3–4W, and PLR 3–4W were selected to construct a nomogram 
for predicting the survival of patients with advanced HCC for 1–3 years. A score was assigned to each variable in the 
score table, and the total score was used to predict the survival rate (Figure 4A). The AUROC values for 1–3 years were 
78.7 (95% CI: 67.8 −89.6), 78.6 (95% CI: 64.0–93.2), 93.5 (95% CI: 87.5–99.6), respectively (Figure 4B). According to 
the correction curve, the 1-year predicted survival rate was consistent with the observed values (Figure 4C). As the 
follow-up time was not sufficiently long, the correction curves at 2 and 3 years are not shown.

Safety
Based on the analysis of routine laboratory test results, laboratory-related AEs were observed till 1 month after the 
completion of IMRT. No grade 5 AEs were observed. Grade 3 and 4 AEs were observed in 32.35% of the patients and 
mainly manifested as leukopenia (14%), thrombocytopenia (16%), and a decrease in hemoglobin (10%). No grade 3 or 4 
AEs were observed during routine treatment of other liver and kidney functions, thyroid functions, or bowel movements, 
which were tested in most patients. Detailed AEs of the patients are presented in Table 4.

Discussion
With the development of systemic therapy, anti-PD1-based combination regimen has changed the treatment landscape for 
patients with advanced HCC. The combination of RT and anti-PD1 demonstrated promising efficacy and manageable 

Figure 4 Survival nomogram (A). The total points of each patient can be used to predict survival outcome. ROC curves and AUROCs for the prediction of death within 1–3year 
among HCC patients after IMRT and anti-PD1 (B). Calibration curve for the prediction of death within 1 years among HCC patients after IMRT and anti-PD1 (C). 
Abbreviations: Alb, albumin; AFP, alpha-fetoprotein; ANC3-4w, neutrophil count3-4w; PLR3-4w, platelet count3-4w / lymphocyte count3-4w.
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safety in previous studies. However, few studies have explored the prognostic indicators in patients with advanced HCC 
treated with IMRT combined with anti-PD1. Based on the results of this study, independent risk factors, including Alb, 
AFP, neutrophil count 3–4W and PLR 3–4W were used to construct a nomogram model to predict survival.

Advanced HCC is associated with a poor prognosis. Sorafenib is recommended for patients with advanced HCC in the 
Asia-Pacific region, and shows a median OS of 5.6 months.19 In the REFLECT trial, lenvatinib treatment resulted in a median 
OS of 11.8 months in patients with BCLC stage C HCC.5 In the present study, the median OS of patients with BCLC stage 
C HCC was 14.3 months, indicating better OS outcome. Although atezolizumab plus bevacizumab achieved a better median 
OS of 17.5 months for patients with BCLC stage C HCC in the IMbrave150 updated efficacy data after a median follow-up of 
15.6 months,20 IMRT combined with anti-PD1 resulted in better median PFS of 9.9 months than the 6.5 months provided by 
atezolizumab plus bevacizumab, indicating better efficacy.21 Notably, patients with Child-Pugh B liver function accounted for 
25.49% in the present study, whereas none were included in the IMbrave150 trial. Meanwhile, the number of patients infected 
with hepatitis B was higher in this study than in the IMbrave150 trial (88% vs 49%, respectively). Child–Pugh B liver function 
and hepatitis B virus infection are known to be associated with poor OS.22 Moreover, atezolizumab plus bevacizumab is 
significantly more expensive.

RT has been shown to work synergistically with immunomodulatory therapy via various mechanisms. RT can trigger the 
release of pro-inflammatory mediators, increase tumor-infiltrating immune cells, reprogram the tumor microenvironment, 
upregulate the expression of PD-1/PD-L1, promote anti-tumor immune response, and activate the immune system.12,23,24 It 
was confirmed in the preclinical model of HCC, that RT combined with ICI could increase the clinical benefit of the non-irradiated 

Table 4 Adverse Events of Laboratory Testing After IMRT+ Anti-PD1 Treatment

n=102 Adverse Event All Grades Grades 1–2 Grades 3 Grades 4

Decreased-WBC 76(74.51) 62(60.78) 13(12.75) 1(0.98)

Decreased-PLT 55(53.92) 39(38.24) 13(12.75) 3(2.94)

Decreased-Hb 83(81.37) 73(71.57) 10(9.80) 0

Increased-TBIL 50(49.02) 46(45.10) 3(2.94) 1(0.98)

Increased-AST 48(47.06) 47(46.08) 1(0.98) 0

Increased-ALT 38(37.25) 38(37.25) 0 0

Decreased-Alb 80(78.43) 78(76.47) 2(1.96) 0

Increased-ALP 27(26.47) 26(25.49) 1(0.98) 0

Increased-γ-GGT 30(29.41) 30(29.41) 0 0

90 Increased-T3 2(2.22) 2(2.22) 0 0

90 Increased-T4 3(3.33) 3(3.33) 0 0

101 Increased-Cr 5(4.95) 5(4.95) 0 0

101 Increased-UA 20(19.80) 20(19.80) 0 0

99 Increased-Pro 12(12.12) 12(12.12)

99 Increased-Bld 9(9.09) 9(9.09)

99 Increased-Glu 3(3.03) 3(3.03)

99 Increased-OB 15(15.15) 15(15.15)

Note: Data are N (%). 
Abbreviations: WBC, white blood cell; PLT, Platelets; Hb, hemoglobin; TBIL, total bilirubin; AST, 
Aspartate aminotransferase; ALT, Alanine aminotransferase; Alb, albumin; ALP, alkaline phosphatase; γ - 
GGT, γ - gamma glutamyl transpeptidase; T3, triiodothyronine; T4, thyronine; Cr, creatinine; UA, uric 
acid; Pro, urine protein; Bld, urine occult blood; Glu, glucose in urine; OB, stool occult blood.
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site from 33% to 71%.25 Moreover, in a Phase II clinical trial, the median PFS and OS of patients with unresectable HCC tumors 
receiving stereotactic body radiotherapy plus camrelizumab were 5.8 and 14.2 months, respectively, and of the 95.2% patients 
with advanced HCC were 5.8 and 17.4 months, respectively.14 Similarly, the combination of RT and anti-PD1 achieved a better 
median PFS of 5.86 months and a trend toward longer median OS of 17.4 months than TACE plus sorafenib among patients with 
unresectable HCC. Meanwhile, RT plus anti-PD1 was associated with a significantly better OS than TACE plus sorafenib among 
patients with BCLC stage C (11.8 vs 9.7 months, P = 0.031).13 Similarly, the feasible efficacy evaluation results showed that the 
ORR of IMRT combined with anti-PD1 was 56.99%, the PR rate was 51.61%, and the CR rate was 5.38%, with an encouraging 
OS of 14.3 months in the present study. IMRT combined with anti-PD1 seems to have considerable clinical efficacy in the 
treatment of advanced HCC. However, some patients still do not benefit from the treatment; thus, predictive factors are needed to 
identify patients with advanced HCC who may benefit from IMRT and anti-PD1 combination therapy.

Alb reflects liver function and nutritional status and determines the sustainability and prognosis of immunotherapy in 
patients with HCC. A previous study has shown that the nutritional status of patients with advanced HCC is strongly and 
positively correlated with the efficacy and survival benefits of anti-PD1 therapy.26 Hypoalbuminemia may lower the 
systemic immune system and lead to tumor cell proliferation.27 AFP is an effective factor for prognostic and recurrence 
monitoring of HCC. Clinical data have shown that an AFP > 400ng/mL is associated with poor OS in HCC.28 This study 
showed that AFP > 400ng/mL was almost statistically significant for poor prognosis of HCC (HR = 1.79, 95% CI:0.99– 
3.22, P = 0.054). This may be due to the relationship between high AFP levels and the roles of VEGF and VEGFR-2 in 
angiogenesis and tumor growth promotion.29 Neutrophils play important roles in the occurrence, development, and 
metastasis of HCC. It has been reported that neutrophils are mainly concentrated in the peritumoral interstitium of liver 
cancer tissue, and the increase of neutrophils count is averse to HCC treatment and becomes an independent prognostic 
factor for HCC.30–32 Similarly, the present results showed that neutrophil counts 3–4W > 6.75 * 109/L had a poor 
prognosis for HCC (P = 0.003). Platelets promote the release of endothelial growth factors and alter the immune 
environment, enhancing tumor proliferation and invasion.33,34 After RT, lymphocytopenia impairs the immune 
system.15,35 The inflammatory microenvironment is associated with the occurrence and development of 90% of HCC 
cases. One analysis of anti-PD1 treatment of HCC found that PLR in the high-value group was associated with poor OS, 
and the concurrent increase in both was associated with an 8-fold risk of death.36 A high PLR is associated with poor 
prognosis in patients with unresectable HCC receiving IMRT.15 Similarly, in the present study, PLR and the changes 
before and after treatment were analyzed, and it was found that the group with a high PLR showed poor prognosis 3–4 
weeks after IMRT initiation, making PLR an independent prognostic factor. An elevated PLR may indicate the disruption 
of immune regulation in the tumor microenvironment, thus predicting a poor prognosis. Inflammatory markers may also 
serve as predictive prognostic biomarkers for IMRT combined with anti-PD1 treatment in advanced HCC.

Nomograms have been proven to be more accurate than traditional staging systems in predicting cancer prognosis. 
Zeng, Pu et al combined multiple inflammatory indicators and clinical parameters such as AFP, PLR, NLR, tumor size, 
and vascular invasion to construct a nomogram model to predict the prognosis of HCC at 1, 3, and 5 years after resection, 
which was better than BCLC and the 8th AJCC staging system to predict the prognosis and recurrence of HCC.37,38 In 
this study, a nomogram model was established by incorporating Alb, AFP, neutrophil count 3–4W and PLR 3–4W as 
predictors for predicting the OS of patients with advanced HCC for 1, 2, and 3 years. The nomogram predicted the OS 
supported by the AUC and calibration curves.

While the efficacy has increased, AEs associated with combination therapy also need to be considered. In phase II and 
III clinical trials of anti-PD1 for unresectable HCC, 20% of adverse events were grade 3 or 4, with the most common 
being elevated transaminase levels and decreased neutrophil count.8,10 In this study, the analysis of routine laboratory test 
results showed similar results: grade 5 AEs were not observed, and 32.35% of the patients had grade 3 or 4 AEs, among 
which 66.67% had only one grade 3 or grade 4 reaction. Leukopenia, thrombocytopenia, and decreased hemoglobin 
levels were identified as the main AEs. The safety of IMRT plus anti - PD1 therapy in this population was consistent with 
that of RT +PD1 in previously reported studies.13,14 However, in IMbrave150 study, grade 3 or 4 AEs occurred in 56.5% 
of patients treated with atezolizumab plus bevacizumab.6 In summary, no short-term fatal AEs were observed following 
IMRT and anti-PD1 combination treatment.

https://doi.org/10.2147/JHC.S459683                                                                                                                                                                                                                                   

DovePress                                                                                                                                           

Journal of Hepatocellular Carcinoma 2024:11 922

He et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


This study has several limitations. First, data were obtained from a single institution. Second, renal and thyroid 
function tests, stool and urine analysis were not performed for all the patients. In addition, we failed to collect symptoms 
data of the patients themselves, which failed to reveal all the toxic and side effects. Third, because it is not mandatory for 
patients to provide tumor samples, the lack of samples available for PD-1/PD-L1 testing may be considered a limitation.

Conclusion
This study showed that combination of IMRT with anti-PD1 achieved encouraging efficacy and tolerable toxicity in the 
treatment of advanced HCC. The nomogram model established based on Alb, AFP, neutrophils count 3–4W and PLR, is 
expected to be a clinical tool to predict the prognosis of IMRT combined with anti-PD1 in the treatment of advanced 
HCC, which needs further study.

Abbreviations
Anti-PD1, monoclonal antibodies against programmed cell death 1 pathway; Alb, albumin; AFP, alpha-fetoprotein; AEs, 
adverse reactions; BCLC, Barcelona Clinic Liver Cancer; CT, computed tomography; CR, complete response; GTV, 
Gross tumor volume; HCC, Hepatocellular carcinoma; IMRT, intensity-modulated radiotherapy; NLR, neutrophil-to- 
lymphocyte ratio; OS, overall survival; ORR, overall response rate; PFS, progression-free survival; PR, partial response; 
PLR, platelet-to-lymphocyte ratio; PTV, planned target volume; RT, radiotherapy; RECIST 1.1, Response Evaluation 
Criteria in Solid Tumors, version 1.1; SII, systemic immune-inflammation index.
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