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To validate the efficacy and safety of thymosin α-1 combined with lenvatinib plus sintilimab in the 
treatment of unresectable hepatocellular carcinoma. Patients with unresectable hepatocellular 
carcinoma treated with lenvatinib plus sintilimab at the People’s Hospital of Guangxi Zhuang 
Autonomous Region from January 2020 to June 2022 were retrospectively analyzed. The patients 
were divided into an experimental group and a control group based on their therapeutic regimens: 
thymosin α-1 plus lenvatinib and sintilimab (experimental group), and lenvatinib plus sintilimab 
(control group). The primary endpoints were overall survival and progression-free survival. Tumor 
response was evaluated according to mRECIST criteria, and the partial response, complete response, 
stable disease, progressive disease, object response rate, and disease control rate of the two groups 
were compared. Adverse events were evaluated using the Common Terminology Criteria for Adverse 
Events version 5.0. The median overall survival of all patients was 13.0 months (95% CI 10.587–15.413). 
The experimental group had a longer median overall survival than the control group (16 months vs. 
11 months, P = 0.018). The median progression free survival of all patients was 5.0 months (95% CI 
3.721–6.279). The experimental group had a longer median progression-free survival than the control 
group (7 months vs. 4 months, P = 0.006). The objective response rate of the experimental group was 
55.8% (24/43), and of the control group’s 34.7% (17/49) (P = 0.042). The disease control rate of the 
experimental group was 76.7% (33/43), while the control group had a rate of 59.2% (29/49) (P = 0.073). 
There was no significant difference in the incidence of grade 1–2 adverse events or grade 3–4 adverse 
events between the two groups (P > 0.05). Thymosin α-1 combined with lenvatinib plus sintilimab is an 
effective and safe therapeutic regimen in unresectable hepatocellular carcinoma.
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Primary liver cancer is a malignant tumor with a high incidence worldwide. The latest data show that there will 
be 906,000 new liver cancer cases and 830,000 deaths worldwide in 2020, ranking sixth and third in morbidity 
and mortality1. Moreover, since 2000, the incidence of primary liver cancer has continued to increas2, so there is 
still great pressure on the treatment of liver cancer. Due to the insidious onset of liver cancer, most patients are 
already in the mid-to-late stage when discovered and have lost the chance for radical surger3,4. In recent years, 
with the development of systemic therapeutic drugs and in-depth clinical research, targeted therapy combined 
with immunotherapy has become a key transformational treatment method for patients with unresectable liver 
cancer. Zhang et al.5 found that the conversion therapy regimen of nivolumab combined with cabozantinib in 
the treatment of intermediate and advanced liver cancer had an objective response rate of 42% and a successful 
conversion surgery rate of 80%, which greatly improved the prognosis of advanced liver cancer patient. The 
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results of the IMbrave150 study showed that the median overall survival (OS) of the atezolizumab combined 
with bevacizumab (T + A) regimen in the treatment of unresectable liver cancer reached 19.2 months, and the 
median progression-free survival (PFS) reached 6.9  months, which was better than that of sorafenib alone6. 
Other clinical studies, including ORIENT-32 and RESCUE, have also achieved promising results7,8. Although 
more clinical studies are being carried out and the targeted therapy combined with immunotherapy options 
are growing steadily, according to current clinical research results, the objective response rate of most systemic 
treatment options is 20–50%9, which is far from satisfactory. Improving the effectiveness of targeted therapy 
combined with immunotherapy drugs is a very important research direction.

Thymosin α-1 is a nonspecific immunotherapy drug that enhances the antitumor immunity by promoting 
the maturation and differentiation of T cells and increasing the secretion of interferons, interleukins and other 
cytokines. Linye et al.10 showed that the prophylactic use of thymosin α-1 after hepatocellular carcinoma surgery 
substantially prolonged OS and PFS. Recent research by Wei et al.11 found that thymosin α-1 can promote the 
transformation of tumor-associated macrophages from the M2 type to the M1 type by participating in the 
regulation of macrophage efferocytosis, thereby reversing the tumor immunosuppression state and enhancing 
antitumor effect. Therefore, from the perspective of the mechanism, thymosin α-1 combined with chemotherapy 
or tumor immunotherapy, such as PD-1/PD-L1 and CD47, may have clinical application value. Danielli et al.12 
reviewed the treatment records of melanoma patients in phase II trials and expanded-access programs and 
calculated the median survival rate of patients who received thymosin α-1 before CTLA-4 inhibitor treatment 
and those who did not receive thymosin. The survival times were 38.4 months and 8.0 months respectively, 
confirming that thymosin combined with CTLA-4 inhibitor has a synergistic effect. There are no research 
reports on whether thymosin has a synergistic effect with targeted therapy combined with immunotherapy 
for hepatocellular carcinoma. Therefore, our center retrospectively analyzed clinical data of unresectable 
hepatocellular carcinoma patientis aimed to validate the efficacy and safety of thymosin α-1 combined with 
lenvatinib plus sintilimab in the treatment of unresectable hepatocellular carcinoma.

Methods
Study design and patients
This is a single center retrospective cohort study that collected the data of patients with unresectable hepatocellular 
carcinoma who were hospitalized in the People’s Hospital of Guangxi Zhuang Autonomous Region from 
January 2020 to June 2022 and were treated with lenvatinib combined with sintilimab. Inclusion criteria: (1) 
histologically confirmed hepatocellular carcinoma; (2) ECOG-PS score 0–1; (3) Child–Pugh liver function 
classification A or B; (4) Barcelona Clinic liver cancer (BCLC) stage B or C; and (5) no previous systemic or local 
antitumor treatment and at least one measurable tumor lesion according to mRECIST. The exclusion criteria 
were as follows: (1) autoimmune diseases or previous systemic or local antitumor treatment; (2) other primary 
malignant tumors; and (3) follow-up time ≤ 6 months or incomplete follow-up data. All included patients were 
divided into two groups according to whether they used thymosin α-1 at the same time: the experimental group 
(lenvatinib + sintilimab + thymosin α-1) and the control group (lenvatinib + sintilimab).

Treatment methods
All patients took lenvatinib 8 mg (body weight ≤ 60 kg) or 12 mg (body weight > 60 kg) orally, once a day, and 
sintilimab 200 mg intravenously, once every 3 weeks. Patients in experimental group were also injected with 
thymosin α-1 (1.6 mg) subcutaneously on the first day of treatment, twice a week. Patients received corresponding 
treatment until unacceptable side effects occurred or death led to loss to follow-up or treatment cessation. If the 
unequivocal disease progression was absent, indicated by signs and symptoms and there was definite evidence of 
clinical benefit observed by investigators, patients could continue treatment beyond disease progression.

Follow-up and assessments
From the beginning of drug treatment, reexamination and follow-up should be carried out every four weeks. 
The review included chest CT, abdominal multiphase enhanced CT or MRI, liver function, kidney function, 
blood routine, coagulation function, electrolytes, alpha-fetoprotein (AFP) and protein induced by vitamin K 
absence II (PIVKA-II). Tumor control was assessed under mRECIST criteria. The incidence and severity of 
adverse events were monitored and assessed using the National Cancer Institute Common Terminology Criteria 
for Adverse Events 5.0. The primary endpoints were overall survival (OS) and progression free survival (PFS), 
and the secondary endpoints were object response rate (ORR), disease control rate (DCR) and treatment-related 
adverse events. When patients experienced disease progression or discontinued treatment, their overall survival 
is monitored every 30 days until they die, lost contact and the study ended.

Statistical analysis
Efficacy assessments were performed on all treated patients. Measurement data are expressed as the 
mean ± standard deviation and compared using the independent sample T test (normal distribution) or the 
Mann–Whitney U test (abnormal distribution), and count data were compared using the chi-square test. PFS 
and OS were estimated using the Kaplan–Meier method. Prognostic factors were first evaluated using univariate 
Cox regression analysis. Multivariate Cox regression analysis was used to evaluate the significant factors (p < 0.05) 
identified in the univariate Cox regression analysis. Descriptive statistics were used to describe the adverse event 
outcomes. All analyses were performed using Statistical Package for the Social Sciences (SPSS) version 26 (IBM, 
Armonk, NY, USA).
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Results
Baseline characteristics
Between January 2020 and June 2022, a total of 92 patients who met the study criteria were included, with 
43 patients in the experimental group (lenvatinib + sintilimab + thymosin α-1) and 49 patients in the control 
group (lenvatinib + sintilimab). The average age of all patients was 53.3 ± 11.8 years old, and there were 80 male 
patients. There was no significant difference in general traits such as sex, age, ECOG-PS score, Child–Pugh 
classification, and BCLC stage between the two groups (Table 1).

Effectiveness
By the end of December 31, 2023, the shortest survival time of all patients was 3.0 months, the longest survival 
time was 23.0 months, and the median overall survival was 13.0 months (95% CI 10.587–15.413) (Fig. 1A). 
At the end of follow-up, 44 patients (47.8%) had died. The median overall survival time of the experimental 
group was 16.0 months (95% CI 13.767–18.233), and that of the control group was 11.0 months (HR = 0.470, 
95% CI 0.252–0.879). It was significantly longer than that of the control group (P = 0.018) (Fig. 1B). A total 
of 68 patients (73.9%) experienced disease progression, and the median progression-free survival time was 
5.0  months (95% CI 3.721–6.279) (Fig.  2A). The median progression-free survival time in the experimental 
group was 7.0 months (95% CI 3.229–10.771), and that of the control group was 4.0 months (HR = 0.482, 95% 
CI 0.286–0.814) (P = 0.006) (Fig. 2B).

According to the mRECIST assessment of tumor response, a total of 34 patients had partial response 
(PR), 7 patients had complete response (CR), 21 patients had stable disease (SD), and 30 patients had disease 
progression (PD). 20 patients (46.5%) in the experimental group and 14 patients (28.6%) in the control group 
had PR (P = 0.075). 4 people (9.3%) in the experimental group had CR and 3 people (6.1%) in the control group 
had CR (P = 0.702). The objective response rate (ORR) of the experimental group was 55.8% (24/43) and that of 
the control group was 34.7% (17/49) (P = 0.042). The disease control rate of the experimental group was 76.7% 
(33/43) and that of the control group was 59.2% (29/49) (P = 0.073) (Table 2).

Prognostic factors
We included sex, age, ECOG-PS score, Child–Pugh classification, BCCL stage, therapeutic regimen, drinking 
history, Concomitant disease, HBsAg, HBV-DNA, degree of differentiation, microvascular invasion, extrahepatic 
metastasis, esophageal and gastric varices, portal hypertension, large vessel invasion, alanine aminotransferase 
(ALT), total bilirubin (TB), prothrombin time (PT), international normalized ratio (INR), PIVKA-II, AFP in the 
univariate analysis of OS and PFS. Univariate analysis showed that BCLC stage (B vs. C), therapeutic regimen 
(control vs. experimental), tumor differentiation (poorly vs. well and moderately), extrahepatic metastasis (yes 
vs. no), total bilirubin (≤ 20 µmol/L vs. > 20 µmol/L), PT (≤ 16 s vs. > 16 s), AFP (≤ 200 ng/ml vs. > 200 ng/ml) 
were significantly associated with OS. Therefore, therapeutic regimen (control vs. experimental), PT (≤ 16  s 
vs. > 16 s) and AFP (≤ 200 ng/ml vs. > 200 ng/ml) were associated with PFS (Table 3). When these factors above 
were included into the multivariate analyses of OS and PFS, BCLC stage (B vs. C) (HR = 0.366; 95% CI 0.143–
0.934; P = 0.036), total bilirubin (≤ 20 µmol/L vs. > 20 µmol/L) (HR = 0.421; 95% CI 0.210–0.844; P = 0.015), AFP 
(≤ 200 ng/ml vs. > 200 ng/ml) (HR = 0.479; 95% CI 0.234–0.979; P = 0.043) were independent factors affecting 
the OS of patients with unresectable hepatocellular carcinoma (Table 4; Fig. 3A), and PT (≤ 16 s vs. > 16 s) ( 
HR = 0.496; 95% CI 0.303–0.812; P = 0.005), therapeutic regimen (control vs. experimental) (HR = 0.567; 95% CI 
0.340–0.945; P = 0.029) were independent factors affecting their PFS (Table 5, Fig. 3B).

Safety
The most common treatment-related adverse events among all patients were alanine transaminase (ALT) 
elevation in 41 cases (45%), hypertension in 35 cases (38%), thrombocytopenia in 32 cases (35%), fatigue in 
32 cases (35%), diarrhea in 31 cases (34%), proteinuria in 29 cases (32%), and anemia in 27 cases (29%). The 
most common grade 3–4 treatment-related adverse events were hypertension in 6 cases, thrombocytopenia in 5 
cases, nausea in 3 cases, fatigue in 3 cases, diarrhea in 2 cases, pruritus in 2 cases, neutropenia in 2 cases, blood 
bilirubin increase in 2 cases, and proteinuria in 2 cases. There was no significant difference between patients in 
the experimental group and the control group in the incidence of grade 1–2 treatment-related adverse events, 
grade 3–4 treatment-related adverse events, or treatment-related adverse events overall. None of the patients 
included in this study discontinued treatment due to adverse events, which were all controlled through dose 
adjustment or symptomatic treatment (Table 6).

Discussion
In this retrospective study, we compared the efficacy and safety of lenvatinib plus sintilimab and thymosin α-1 
with lenvatinib plus sintilimab in patients with unresectable hepatocellular carcinoma. The results showed that 
the experimental group was significantly better than the control group in OS, PFS and ORR, and there was no 
significant difference between the two groups in the incidence of adverse events.

Most patients with liver cancer have lost the opportunity for surgery when they seek treatment. For patients 
with intermediate and advanced liver cancer who cannot receive radical surgical treatment, only systemic 
treatment can be attempted. Their 5-year survival rate is only 10–1813. Their is still much room for improvement 
in the treatment of these patients. Carrying out relevant research on this group of patients and enriching the 
treatment methods for these patients will be key to improving the overall prognosis of patients with hepatocellular 
carcinoma.

In recent years, various treatments, such as tyrosine kinase inhibitors (TKI), immune checkpoint inhibitors 
(ICI), CART immunotherapy, radiotherapy, and interventional therapy (transcatheter arterial chemoembolization 
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and hepatic artery infusion chemotherapy), have brought new hope to patients with intermediate and advanced 
liver cancer, especially tyrosine kinase inhibitors and immune checkpoint inhibitors. Although targeted therapy 
combined with immunotherapy is the current mainstream treatment method, the effectiveness of most treatment 
plans is not high. Lenvatinib plus pembrolizumab is a treatment method with a relatively high ORR, but even 
this is only 46%14. How to maximize the effectiveness of existing drugs is a clinical issue that requires attention.

Variable

All patients Experimental group Control group

P valueN = 92 N = 43 N = 49

Age (years) 53.3 ± 11.8 51.9 ± 10.8 54.5 ± 12.7 0.294

Gender

0.808 Male 80 37 43

 Female 12 6 6

ECOG-PS score

0.182 0 32 18 14

 1 60 25 35

Child–pugh classification

0.283 A 48 25 23

 B 44 18 26

BCLC stage

0.694 B 26 13 13

 C 66 30 36

HBsAg

0.882 Positive 67 31 36

 Negative 25 12 13

HBV-DNA

0.581 Positive 55 27 28

 Negative 37 16 21

Alcohol use

0.363 Yes 41 17 24

 No 51 26 25

Concomitant disease

0.761
 Hypertension 8 7 5

 Diabetes 7 3 4

 Coronary heart disease 4 2 3

Extrahepatic metastasis

0.117 Yes 35 20 15

 No 57 23 34

Esophageal varices

0.248 Yes 13 8 5

 No 79 35 44

Portal hypertension

0.841 Yes 29 14 15

 No 63 29 34

Macrovascular invasion

0.975
 VP0 51 24 27

 VP1-2 23 11 12

 VP3-4 18 8 10

Alanine aminotransferase (U/L) 37.7 ± 18.0 40.5 ± 18.1 35.3 ± 17.7 0.170

Total bilirubin (µmol/L) 25.2 ± 17.0 26.2 ± 22.9 24.2 ± 9.3 0.582

Prothrombin time (s) 14.5 ± 2.4 14.5 ± 2.6 14.6 ± 2.2 0.869

International normalized ratio 1.3 ± 1.6 1.6 ± 2.3 1.1 ± 0.2 0.139

α-Fetoprotein (ng/ml) 281.5 ± 505.7 195.7 ± 493.9 356.8 ± 508.9 0.127

PIVKA-II (mAU/mL) 189.7 ± 342.0 154.5 ± 200.9 220.5 ± 429.4 0.529

Table 1.  Baseline characteristics of patients. BCLC: Barcelona clinic liver cancer. Esophageal varices: more 
than F2 of endoscopic finding. Portal hypertension: clinical features of splenauxe, ascites, esophageal varices or 
abdominal wall varicosis.
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Although our study was a single-center retrospective study, its results are encouraging. Our results show that 
the median OS of the experimental group was 16.0 months (95% CI 13.767–18.233) and that of the control group 
was 11.0 months (95% CI 7.142–14.858) (P = 0.018). The median PFS in the experimental group was 7.0 months 
(95% CI 3.229–10.771) and that of the control group was 4.0  month (95% CI 2.766–5.234) (P = 0.006). The 
median OS of the T + A regimen in the IMbrave15 reached 19.2 months6, and the median OS of lenvatinib plus 

Fig. 1.  Kaplan–Meier analysis of overall survival. (A) All patients’ Kaplan–Meier analysis of overall survival 
(OS) are shown, according to modified response evaluation criteria in solid tumors. Median OS is 13.0 months 
(95% CI 10.587–15.413). (B) Kaplan–Meier estimates of OS among experimental group and control group are 
shown. P-value calculated is < 0.05.

 

Scientific Reports |        (2025) 15:13960 5| https://doi.org/10.1038/s41598-025-97160-7

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


pembrolizumab in the LEAP-00 reached 21.1 months15. Our OS was shorter, although the comparison of such 
different studies may not be scientific. First, our study was a retrospective study and may have had some resulting 
biases. Second, the proportion of our patients who had an ECOG-PS score of 1 point was 65.2% because the 
indications for the studied medications are relatively broad, and the proportion of patients with Child–Pugh 

Fig. 2.  Kaplan–Meier analysis of progression free survival. (A) All patients’ Kaplan–Meier analysis of 
progression free survival (PFS) are shown, according to modified response evaluation criteria in solid tumors. 
Median PFS is 5.0 months (95% CI 3.721–6.279). (B) Kaplan–Meier estimates of PFS among experimental 
group and control group are shown. P-value calculated is < 0.05.
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scores of 8–9 was relatively high. These factors may have affected our overall patient OS. Because thymosin 
α-1 has an anti-hepatitis B virus effect, we also considered whether the significant results in OS and PFS were 
obtained due to its antiviral effect. Therefore, we conducted a univariate analysis on HBsAg and HBV-DNA, 
and the results showed that they were not factors affecting OS or PFS. At the same time, all patients included 
in the study, as long as they are HBsAg positive, received antiviral treatment, and the HBV-DNA of all patients 

OS

HR 95% CI P value

Therapeutic regimen (control vs. experimental) 0.567 0.288–1.117 0.101

BCLC (B vs. C) 0.366 0.143–0.934 0.036

Extrahepatic metastasis (yes vs. no) 0.964 0.478–1.945 0.918

Tumor differentiation (poorly vs. well and moderately) 1.256 0.631–2.498 0.517

TB, µmol/L (≤ 20 vs. > 22) 0.421 0.210–0.844 0.015

PT, second (≤ 16 vs. > 16) 0.590 0.288–1.208 0.149

AFP, ng/ml (≤ 200 vs. > 200) 0.479 0.234–0.979 0.043

Table 4.  The multivariate analysis for the OS. OS: Overall survival. Significant values are in bold.

 

OS PFS

χ2 P value χ2 P value

Gender (female vs. male) 0.244 0.621 0.046 0.831

Age, year (≤ 40 vs. > 40) 3.331 0.068 0.516 0.472

ECOG-PS, score (0 vs. 1) 0.010 0.921 0.175 0.676

Child–pugh (A vs. B) 2.266 0.132 2.512 0.113

BCLC (B vs. C) 6.886 0.009 2.206 0.137

Therapeutic regimen (control vs. experimental) 5.116 0.024 6.362 0.012

Alcohol use (yes vs. no) 0.689 0.406 0.633 0.426

Concomitant disease (yes vs. no) 2.357 0.502 1.477 0.688

HBsAg (yes vs. no) 0.194 0.659 0.136 0.712

HBV-DNA (negative vs. positive) 0.161 0.688 0.469 0.493

Tumor differentiation(poorly vs. well and moderately) 8.245 0.010 3.664 0.056

Extrahepatic metastasis (yes vs. no) 6.648 0.010 0.003 0.960

Esophageal varices (yes vs. no) 1.233 0.267 1.629 0.202

Portal hypertension (yes vs. no) 0.075 0.784 0.001 0.970

Macrovascular invasion (yes vs. no) 0.363 0.547 1.123 0.289

ALT, U/L (≤ 40 vs. >) 0.138 0.710 0.001 0.977

TB, µmol/L (≤ 20 vs. > 22) 8.898 0.003 1.987 0.159

PT, second (≤ 16 vs. > 16) 7.515 0.006 9.216 0.002

INR (≤ 1.2 vs. > 1.2) 0.953 0.329 0.071 0.790

PIVKA-II, mAU/mL (≤ 40 vs. > 40) 0.453 0.501 2.717 0.099

AFP, ng/ml (≤ 200 vs. > 200) 10.878 0.001 6.077 0.014

Table 3.  The univariate analysis for the OS and PFS. OS: Overall survival, PFS: progression free survival. 
Significant values are in bold.

 

All patients (N = 92) Experimental group Control group χ2 P value

PR 34 (36.9%) 20 (46.5%) 14 (28.6%) 3.164 0.075

CR 7 (7.6%) 4 (9.3%) 3 (6.1%) 0.329 0.702

SD 21 (22.8%) 9 (20.9%) 12 (24.5%) 0.165 0.685

PD 30 (32.63%) 10 (23.3%) 20 (40.8%) 3.214 0.073

ORR 41 (44.6%) 24 (55.8%) 17 (34.7%) 4.135 0.042

DCR 62 (67.4%) 33 (76.7%) 29 (59.2%) 3.214 0.073

Table 2.  The comparison of tumor responses in two groups. Data are presented as n (%, 95% CI) or n (%). CR: 
Complete response, PR: partial response, SD: stable disease, PD: progressive disease, ORR: object response 
rate, DCR: disease control rate. Significant values are in bold.
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Grades 1–2 Grades 3–4 Grades 1–4

A group (n = 43) B group (n = 49) P value A group (n = 43) B group (n = 49) P value A group (n = 43) B group (n = 49) P value

Diarrhea 12 17 0.485 1 1 1.000 13 18 0.510

Pruritus 5 6 0.927 1 1 1.000 6 7 0.964

Hypothyroidism 2 2 0.894 1 0 0.467 3 2 0.662

Anemia 12 14 0.944 0 1 1.000 12 15 0.776

Hypertension 13 16 0.803 2 4 0.681 15 20 0.559

Nausea 8 8 0.774 1 2 1.000 9 10 0.951

Neutropenia 10 12 0.890 1 1 1.000 11 13 0.918

Thrombocytopenia 15 12 0.275 2 3 1.000 17 15 0.370

ALT elevation 18 21 0.923 1 1 1.000 19 22 0.945

Hyperbilirubinemia 9 12 0.685 0 2 0.497 9 14 0.398

Fatigue 11 18 0.251 1 2 1.000 12 20 0.195

Proteinuria 14 13 0.526 2 0 0.216 16 13 0.271

Constipation 5 4 0.577 1 0 0.467 6 4 0.506

Rash 10 6 0.164 0 0 NE 10 6 0.164

Table 6.  Treatment-related adverse events. A group: experimental group, B group: control group.

 

PFS

HR 95% CI P value

PT, second (≤ 16 vs. > 16) 0.496 0.303–0.812 0.005

Therapeutic regimen (control vs. experimental) 0.467 0.340–0.945 0.029

AFP, ng/ml (≤ 200 vs. > 200) 0.685 0.408–1.149 0.152

Table 5.  The multivariate analysis for the PFS. PFS: Progression free survival. Significant values are in bold.

 

Fig. 3.  (A) Forest spot of multivariate analysis for the OS. OS: overall survival. (B) Forest spot of multivariate 
analysis for the PFS. PFS: progression free survival.
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returned to normal within one month after standard antiviral treatment. Therefore, we believe that thymosin α-1 
may improve the therapeutic effect in cancer patients by enhancing the antitumor effect of targeted drugs and 
immunotherapy drugs. Danielli R et al. found that thymosin α-1 enhanced the effect of CTLA-4 inhibitors in the 
treatment of melanoma. Our results and theirs both show the role of thymosin α-1 in enhancing the antitumor 
effect of targeted drugs and immunotherapy drugs12.

According to the mRECIST criteria, the experimental group had 20 people (46.5%) reach PR and 4 people 
(9.3%) reach CR, the control group had 14 people (28.6%) reach PR and 3 people (6.1%) reach CR. Although 
patients in both groups had no significant difference in PR or CR, the ORR of the experimental group was 
55.8% (24/43), and the ORR of the control group was 34.7% (17/49) (P = 0.042). Finn RS reported that the 
ORR of lenvatinib combined with pembrolizumab was 46%14. This is a relatively high ORR of targeted therapy 
combined with immunotherapy in a current study. The ORR of our study is 55.8%. A preliminary cross-
sectional comparison of ours studies have achieved a relatively high ORR. TKIs can reduce the percentage of 
immunosuppressive regulatory T cells and myeloid-derived suppressor cells and increase T-cell infiltratio16,17, 
while ICIs need to work under conditions of T-cell infiltratio18, and the combination of the two treatment 
methods can produce a synergistic antitumor effect. The tumor immunosuppressive microenvironment is an 
important reason for PD-1 resistance19, and tumor-associated macrophages are the key to the tumor immune 
microenvironment, and are divided into the M1 type and M2 type. M2-type macrophages participate in tumor 
growth, angiogenesis, metastasis and invasion by secreting growth factors and cytokines. They can also inhibit 
the metabolism and function of T-cells by releasing immunosuppressive cytokines. The above is one of the 
important mechanisms of the creation of a tumor immunosuppressive microenvironmen20,21. Thymosin α-1 can 
reverse the polarization of the M2 type of tumor-associated macrophages and promote their transformation to 
the M1 type. This enhances the body’s antitumor abilit while inhibiting the release of immunosuppressive factors 
such as IL-10 and improving the immunosuppressive microenvironment11. Therefore, from a mechanistic 
perspective, thymosin α-1 combined with targeted therapy and immunotherapy can enhance their efficacy, and 
our results also support this hypothesis at the clinical level. Currently, in clinical work, the more mainstream 
treatment option for unresectable hepatocellular carcinoma is interventional therapy combined with targeted 
therapy and immunotherapy. whether thymosin α-1 combined with interventional therapy, radiotherapy or 
chemotherapy still effective remains unclear. Further research is needed to confirm this hypothesis.

Our univariate analysis showed that BCLC stage (B vs. C), therapeutic regimen (control vs. experimental), 
tumor differentiation (poorly vs. well and moderately), extrahepatic metastasis (yes vs. no), total bilirubin 
(≤ 20 µmol/L vs. > 20 µmol/L), PT (≤ 16 s vs. > 16 s), AFP (≤ 200 ng/ml vs. > 200 ng/ml) were associated with 
OS. Therapeutic regimen (control vs. experimental), PT (≤ 16 s vs. > 16 s) and AFP (≤ 200 ng/ml vs. > 200 ng/
ml) were associated with PFS. When these factors were included in the multivariate analyses of OS and PFS, 
BCLC stage (B vs. C) (HR = 0.366; 95% CI 0.143–0.934; P = 0.036), total bilirubin (≤ 20 µmol/L vs. > 20 µmol/L) 
(HR = 0.421; 95% CI 0.210–0.844; P = 0.015), AFP (≤ 200 ng/ml vs. > 200 ng/ml) (HR = 0.479; 95% CI 0.234–
0.979; P = 0.043) were independent factors affecting the OS of patients with unresectable hepatocellular 
carcinoma, and PT (≤ 16 s vs. > 16 s) (HR = 0.496; 95% CI 0.303–0.812; P = 0.005), therapeutic regimen (control 
vs. experimental) (HR = 0.567; 95% CI 0.340–0.945; P = 0.029) were independent factors affecting the PFS of 
patients with unresectable hepatocellular carcinoma. Multivariate analyses of OS showed no significance 
of therapeutic regimen. To further explore the reason of no significance in the multivariate analysis of the 
treatment regimen, we removed the treatment regimen and conducted a multivariate analysis, then compared 
the results of the two multivariate analyses. We found that the most affected were BCLC stages and AFP, 
indicating that treatment regimen have multicollinearity with BCLC stages and AFP, and their contribution to 
the model is not entirely unique. Furthermore, considering small sample size of this study, the statistical power 
may be insufficient. Therefore, the results of the multivariate analysis (treatment regimen, p = 0.101) should 
not be considered definitive conclusions. Ding reported that AFP was an independent factor affecting the OS 
of advanced liver cancer, in line with our results22. However, Dai reported that PT is an independent factor 
affecting overall survival in advanced liver cancer23, inconsistent with our results. We believe that prothrombin 
time is an indicator of exogenous coagulation function. Coagulation function is regulated by many factors and 
does not well reflect the load of tumors and liver. On the other hand, our results show that bilirubin was an 
independent prognostic factor for OS of advanced hepatocellular carcinoma. We believe that total bilirubin can 
more intuitively reflect the load of the liver, thereby affecting many subsequent treatment measures.

Although we have added thymosin α-1 to lenvatinib and sintilimab, there was no significant increase in either 
grade 1–2 or grade 3–4 treatment-related adverse events. The three most common grade 1–2 adverse events in 
the experimental group were increased ALT, thrombocytopenia, and proteinuria. The three most common grade 
3–4 adverse events in the experimental group were proteinuria, thrombocytopenia, and hypertension. The three 
most common grade 1–2 adverse events in the control group were increased ALT, fatigue, and hypertension. 
The three most common grade 3–4 adverse events in the control group were hypertension, thrombocytopenia, 
fatigue, increased bilirubin, and nausea. Notably, there was no significant difference in the occurrence of these 
adverse events between the two groups. Thymosin is an endogenous peptide known for its immunomodulatory 
activity. It is believed that thymosin does not increase adverse events in the body. Rengga et al. discovered that 
thymosin α-1 can effectively prevent immunodeficiency pathology in the intestine by promoting the indoleamine 
2,3-dioxygenase (IDO) 1-dependent tolerance immune pathway, ultimately reducing immune enteritis caused 
by CTLA-4 inhibitors24. However, our study did not demonstrate the advantage of thymosin in reducing adverse 
events. This may be attributed to the small number of cases and the potential bias inherent to retrospective 
studies. Further in-depth research is needed to investigate the role of thymosin in reducing adverse events to 
systemic treatment.

There were several limitations in this study. First, it was a single center retrospective study with a limited 
sample size and a short follow-up period, which may lead to bias. Nonetheless, our findings show the promise of 
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thymosin α-1 combined with targeted therapy and immunotherapy. In the future, we hope to conduct a larege, 
multicenter, prospective, randomized controlled study to further evaluate the effect of thymosin α-1 on targeted 
therapy combined with immunotherapy and even interventional therapy and chemotherapy.

In conclusion, our findings indicate that thymosin α-1 combined with lenvatinib plus sintilimab can 
significantly improve the ORR and prolong the OS and PFS of unresectable hepatocellular carcinoma patients 
while maintaining an acceptable safety profile.

Data availability
The data that support the findings of this study are available on request from the corresponding author. The data 
are not publicly available due to privacy or ethical restrictions.
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