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Background: The postoperative recurrence of hepatocellular carcinoma (HCC), influenced by various factors, including microvas-
cular invasion (MVI), plays a critical role in the long-term prognosis following radical liver resection. This study investigated potential
adjuvant treatment strategies for HCC patients who exhibit multiple recurrence factors after radical resection.

Methods: A retrospective analysis was conducted on data from 243 patients who underwent radical resection for HCC and exhibited high
recurrence factors at the First Affiliated Hospital of Harbin Medical University. Some of these patients received postoperative adjuvant
therapy with Huaier granules, lenvatinib, or a combination of both, while others did not receive any postoperative adjuvant therapy.
Results: Survival analysis showed a more favorable prognosis in the adjuvant Huaier granules and lenvatinib groups (all P < 0.05).
Furthermore, when compared to monotherapy, the combination therapy group exhibited significantly improved overall survival (OS)
(P =0.001) and disease-free survival (DFS) (P = 0.001). Multivariate Cox regression analysis demonstrated that the addition of Huaier
granules to lenvatinib was an independent protective factor associated with improved OS (hazard ratio (HR) = 0.777, 95% confidence
interval (CI) = 0.616-0.980, P = 0.033) and DFS (HR = 0.753, 95% CI = 0.615-0.920, P = 0.006).

Conclusion: In this retrospective analysis, the combination of Huaier granules and lenvatinib as postoperative adjuvant therapy was
associated with improved long-term prognosis in patients at high risk of HCC recurrence.

Keywords: hepatocellular carcinoma, Huaier granules, lenvatinib, recurrence, prognosis

Introduction

Primary liver cancer (PLC) is a prevalent malignancy worldwide. HCC is the most common subtype, accounting for 85%
to 95% of PLC cases.' HCC ranks sixth among the most frequently occurring malignancies. With over 800,000 new
cases reported annually worldwide, liver cancer poses a significant threat to human lives and well-being. The current
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primary treatment approach for HCC is a multidisciplinary comprehensive plan centered around surgeries, with
hepatectomy considered the preferred choice for achieving a radical cure.” However, tumor recurrence following liver
resection is a common occurrence, with a 5-year recurrence rate of 70%. The 5-year survival rate for patients who
experience recurrence is less than 50%.> Tumor recurrence stands as the primary factor influencing the prognosis of
radical surgery for HCC. Therefore, reducing the postoperative recurrence rate becomes crucial in improving overall
treatment outcomes for liver cancer. Effectively preventing and treating liver cancer recurrence represents a critical
clinical challenge that demands urgent attention, particularly for the long-term survival of liver cancer patients.

Postoperative adjuvant therapy for liver cancer encompasses various treatment options, with physicians designing
specific plans based on the patient’s condition and the type of cancer. Huaier, a traditional Chinese medicine with
a history spanning 1600 years, has been extensively studied in clinical and laboratory settings, revealing its potential
mechanisms in anti-cancer therapy. Huaier exerts anti-tumor effects through diverse mechanisms, including inhibition of
proliferation, metastasis, angiogenesis, cancer stem cells, tumor-specific immunomodulation, and induction of tumor cell
apoptosis.* The administration of Huaier granules following liver cancer surgery has demonstrated a significant increase
in disease-free survival rate and reduction in recurrence rate. The efficacy of Huaier granules as an adjuvant therapy for
postoperative liver cancer treatment has been recognized.’

Lenvatinib, a multitargeted inhibitor primarily targeting vascular endothelial growth factor receptor (VEGFR) 1-3,
fibroblast growth factor receptor (FGFR) 1-4, platelet-derived growth factor receptor (PDGFR) a, B, RET, and KIT,
represents an innovative molecular targeted agent.® The REFLECT study revealed that lenvatinib showed non-inferiority
in overall survival rate and significant improvements in progression-free survival, time to progression, objective response
rate, and safety compared to sorafenib in patients with advanced unresectable hepatocellular carcinoma (uHCC).
Lenvatinib, as a first-line targeted drug, has emerged more than a decade after the approval of sorafenib and has gained
approval for the treatment of uHCC in the United States, European Union, China, Japan, and other countries.®

However, adverse events associated with lenvatinib may necessitate dose reduction in some patients, potentially
impacting the therapeutic efficacy.” Considering the favorable tolerance of patients towards Huaier granules, a treatment
regimen combining Huaier granules and lenvatinib may offer potential improvements in this context. Limited studies
have investigated the use of Huaier granules or lenvatinib as adjuvant therapy following radical hepatectomy in HCC
patients. Therefore, this study aimed to investigate the effectiveness of Huaier granules and lenvatinib in treating HCC
after curative hepatectomy while also comparing the outcomes of the combined treatment regimen with monotherapy.

Patient Selection and Methodology

Patients

From January 2017 to January 2023, patients with HCC who received postoperative adjuvant treatment of Huaier
granules, lenvatinib or combination therapy using Huaier granules plus lenvatinib at The First Affiliated Hospital of
Harbin Medical University were prospectively enrolled.

Inclusion and Exclusion Criteria
Inclusion Criteria
Patients with a pathological diagnosis of HCC.
Underwent radical resection for HCC.
No prior anti-tumor treatment received before surgery.
Presence of a single lesion with a diameter greater than S5cm.

Exclusion Criteria
Other pathological types of liver cancer, including cholangiocarcinoma and mixed liver cancer.
Presence of distant metastases.
Development of tumor thrombus in the portal vein.
Inability to tolerate adverse events associated with Huaier granules or lenvatinib.
Patients with incomplete follow-up data.
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Surgery and Adjuvant Treatment Protocols

Preoperatively, all patients underwent a multidisciplinary team discussion to determine the treatment plan. The resect-
ability of HCC was assessed based on criteria such as tumor location and size, liver function, and future residual liver
volume. Treatment options included both open and laparoscopic surgery. Patients with HCC were provided detailed
information regarding the treatment protocols involving Huaier granules, lenvatinib, or combination therapy (Huaier
granules plus lenvatinib) aimed at preventing tumor recurrence. The administration of Huaier granules involved a dosage
of 20 g, three times a day. The dosage of lenvatinib was determined based on the patient’s weight (> 60 kg: 12 mg; <
60 kg: 8 mg). In cases where patients experienced intolerable adverse events during medication administration, the
dosage of the medication could be reduced (to 8 mg and 4 mg per day, or 4 mg every other day). If necessary, the
administration of medication could also be discontinued.

Patient Follow-up

The postoperative follow-up schedule comprised evaluations every 3 months for two years following surgery. Each
follow-up interview included assessments of liver function, AFP levels, and radiographic imaging. Tumor recurrence
after resection was determined based on radiological evidence in conjunction with elevated AFP levels indicating
recurrent lesions. The location, size, and number of recurrent hepatocellular carcinomas were evaluated using computed
tomography (CT) or magnetic resonance imaging (MRI) during the postoperative follow-up period. All patients with
hepatitis B took oral antiviral medications, and follow-up includes quantitative analysis of hepatitis B viral genes.

The Collected Variables Included the Following
Baseline characteristics: age, gender, virus infection status, presence of cirrhosis, Child-Pugh grade, levels of alanine amino-
transferase (ALT), aspartate aminotransferase (AST), albumin (ALB), total bilirubin (TBIL) and prothrombin time (PT).
Tumor-related variables: alpha fetoprotein (AFP) levels, presence of microvascular invasion (MVI), tumor diameter,
number of tumors, tumor location, and tumor differentiation status (Edmonson tumor grades).
Follow-up information: survival status, tumor recurrence status, and adverse events experienced by the patients.
The cut-off values for all continuous variables were determined based on previous studies.
The study endpoints included OS and DFS. OS was defined as the duration from the date of liver resection to either
the date of death or the final follow-up. DFS was calculated as the time interval from the date of surgery to the
occurrence of initial HCC recurrence or the final follow-up.

Statistical Analysis

Using a Log rank test, OS and DFS were calculated using the Kaplan-Meier (K-M) analysis. Univariate and multivariate
Cox proportional hazard regression models were employed to assess the potential risk factors affecting DFS and OS, with
hazard ratios and 95% confidence intervals being reported for the results. Additionally, multivariate Cox regression
analysis was conducted to determine whether combination therapy was an independent prognostic factor. The results with
a P value < 0.1 (In Cox regression analysis, which aims to identify independent prognostic factors, the significance level
differs from other statistical criteria. In this context, a p-value equal to 0.1 indicates an highly significant impact of the
factor on prognosis. Therefore, a p-value less than or equal to 0.1 is considered statistically significant.) was considered
statistically significant. All data were analyzed and sorted using SPSS version 25.0 and GraphPad 9.0 software.

Results

Clinical Data and Baseline Characteristics

Of the 603 patients with HCC who underwent radical hepatic resection at our hospital, 360 patients were excluded from the
study. During the follow-up period, 35 patients (13%) were lost to follow-up. These patients were not included in the final
analysis due to the need for post-treatment data. Contacting these patients was attempted via telephone calls and mailed letters,
but no additional information could be obtained. The characteristics of patients lost to follow-up were similar to those included
in the analysis, with no significant differences in age, gender, or other baseline characteristics (P > 0.05). The remaining 243
patients, who met the inclusion criteria, which included patients with a pathological diagnosis of HCC, underwent radical
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resection for HCC, and had no prior anti-tumor treatment received before surgery, presence of a single lesion with a diameter
greater than Scm were enrolled in the study. Among them, researchers designated those who had not received any medications
as the control group, 110 patients who received therapy with Huaier granules were set as the Huaier group, allocated 31
patients who received therapy with who received therapy with lenvatinib to the lenvatinib group and categorized 47 patients
who received therapy with Huaier granules plus lenvatinib as the combination-therapy group.

Table 1 shows a comparison of the clinical data of the two groups. Baseline characteristics showed no statistical
differences in the distribution of relevant variables among all groups (all P > 0.05). Patients with multiple tumors
(21.81%, 24.54%, 32.25%, 29.78, P = 0.649), combined cirrhosis (43.63%, 52.72%, 58.06%, 61.70%, P = 0.297), and
combined microvascular invasion (74.54%, 80.90%, 80.90%, 78.72%, P = 0.467) were more likely to receive drug
adjuvant after hepatectomy (Table 1).

Table | Patient Baseline Demographic and Clinical Characteristics

Variable Control Huaier Lenvatinib | Huaier Plus Lenvatinib | P value

Age (years), n (%) P=0.177
> 60 14 (25.45) | 36 (32.72) 15 (48.38) 18 (38.29)
<60 41 (74.54) | 74 (67.27) 16 (51.61) 29 (61.70)

Gender, n (%) P=0914
Female 10 (18.18) | 22 (20.00) 7 (22.58) 11 (23.40)
Male 45 (81.81) | 88 (80.00) 24 (77.41) 36 (76.59)

Virus infection, n (%) P =0.107
-) 15 (27.27) | 22 (20.00) 5(16.12) 9 (19.14)
HBV-DNA 39 (70.90) | 86 (78.18) 22 (70.96) 34 (72.34)
HCV-DNA I (1.81) 2 (1.81) 4 (12.90) 4 (8.51)

AFP (IU/mL), n (%) P =0.632
> 400 18 (32.72) | 45 (40.90) 14 (45.16) 15 31.91)
< 400 37 (67.27) | 65 (59.09) 17 (54.83) 32 (68.08)

ALT (U/L), n (%) P=0217
> 40 15 (27.27) | 29 (26.36) 7 (22.58) 20 (42.55)
<40 40 (72.72) | 81 (73.63) 24 (7741) 27 (57.44)

AST (U/L), n (%) P =0.271
> 40 19 (34.54) | 33 (30.00) 8 (25.80) 23 (48.93)
<40 36 (65.45) | 77 (70.00) 23 (74.19) 24 (51.06)

ALB (g/L), n (%) P =0.875
>34 51 (92.72) | 98 (89.09) 30 (96.77) 43 (91.48)
<34 4 (7.27) 12 (10.90) 1 (3.22) 4 (851)

TBIL (mmol/L), n (%) P=10.139
> 21 Il (20.00) | 20 (18.18) 3 (9.67) 11 (23.40)
<21 44 (80.00) | 90 (81.81) 28 (90.32) 36 (76.59)

PT (S), n (%) P=10.219
> 13 9 (16.36) 13 (11.81) 2 (6.45) 9 (19.14)
<13 46 (83.63) | 97 (88.18) 29 (93.54) 38 (80.85)

Cirrhosis, n (%) P =0.297
No 31 (56.36) | 52 (47.27) 13 (41.93) 18 (38.29)
Yes 24 (43.63) | 58 (52.72) 18 (58.06) 29 (61.70)

Child-Pugh, n (%) P =0.758
A 51 (92.72) | 104 (94.54) | 30 (96.77) 46 (97.87)
B 4 (7.27) 6 (5.45) I (3.22) I (2.12)

Tumor diameter (cm), n (%) P =0.708
> 10 12 (21.81) | 21 (19.09) 0 (0.00) 9 (19.14)
<10 43 (78.18) | 89 (80.90) 31 (100.00) | 38 (80.85)

(Continued)
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Table 1 (Continued).

Variable Control Huaier Lenvatinib | Huaier Plus Lenvatinib | P value
Tumor number, n (%) P = 0.649
| 43 (78.18) | 83 (75.45) 2| (67.74) 33 (70.21)
22 12 (21.81) | 27 (24.54) 10 (32.25) 14 (29.78)
MVI, n (%) P = 0.467
MO 14 (25.45) | 21 (19.09) 5(16.12) 10 (21.27)
MI 26 (47.27) | 58 (52.72) 15 (48.38) 17 (36.17)
M2 15 (27.27) | 31 (28.18) Il (35.48) 20 (42.55)
Tumor differentiation, n (%) P =0.187
> G2 32 (58.18) | 55 (50.00) 16 (51.61) 28 (59.57)
< G2 23 (41.81) | 55 (50.00) 15 (48.38) 19 (40.42)

Notes: Bold values indicate statistical significance (P < 0.05).

Abbreviations: AST, aspartate aminotransferase; ALB, albumin; ALT, alanine aminotransferase; PT, prothrombin time; TBIL, total
bilirubin; AFP, alpha fetoprotein; HBV-DNA, hepatitis B virus-deoxyribonucleic acid; HCV-DNA, hepatitis C virus-deoxyribonucleic acid;
MVI, microvascular invasion; G, Grading.

Overall Survival and Disease-Free Survival Analysis

The number of deaths within 2 years postoperatively in the control group, Huaier granule group, lenvatinib group, and
combination-therapy group was 29, 37, 10, and 9, respectively. The number of recurrence patients was 33, 49, 13, and 12,
respectively.

The Kaplan-Meier curves demonstrated that the drug adjuvant group had a significantly higher 2-year overall survival
rate and disease-free recurrence rate than the control group. Additionally, when compared to monotherapy, the combina-
tion-therapy group exhibited a higher 2-year overall survival rate and disease-free recurrence rate (2-year survival rates:
47.3%, 66.4%, 67.7%, 80.9%, respectively, P = 0.001; 2-year recurrence rates: 40.0%, 55.5%, 58.1%, 74.5% respec-
tively, P = 0.001) (Figure 1A and B). The results with a P-value < 0.05 indicate statistically significant differences.

Univariable and Multivariable Cox Regression Analysis
Six potential prognostic variables for OS and DFS were selected based on univariate Cox analysis, including preoperative
AFP level, tumor diameter, tumor number, tumor differentiation status, MVI, and treatment options. Variables with a P <

0.1 in univariable analysis were incorporated into multivariable Cox regression analysis (Tables 2 and 3).
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Figure | Kaplan-Meier analysis for survival in patients with HCC after radical hepatectomy. (A) Overall survival (OS). (B) Disease-free survival (DFS).
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Table 2 Univariate Analyses of Prognostic Factors for Overall Survival (OS) and Disease-Free-

Survival (DFS)

Variables Univariate Analysis (OS) Univariate Analysis (DFS)
HR (95% CI) P value HR (95% CI) P value

Age, years 1.006 (0.985-1.028) | 0.563 0.993 (0.975-1.012) | 0.487

Gender, 0.713 (0.402—1.266) | 0.248 0.749 (0.451-1.242) | 0.263

(Female vs Male)

Virus infection, 0.850 (0.515—1.404) | 0.526 0.805 (0.549—1.181) | 0.267

(Yes vs No)

AFP, (IU/mL) 1.001 (1.000-1.001) | 0.004 1.000 (1.000-1.001) | 0.044

(> 400 vs < 400)

ALT, (U/L) 0.998 (0.991-1.005) | 0.550 1.001 (0.995-1.006) | 0.808

(> 40 vs < 40)

AST, (U/L) 1.003 (0.997-1.008) | 0.325 1.003 (0.999-1.008) | 0.175

(> 40 vs < 40)

ALB, (g/L) 0.983 (0.937-1.031) | 0.479 1.001 (0.960-1.044) | 0.957

(>34 vs < 34)

TBIL, (mmol/L) 1.002 (0.983—1.021) | 0.822 0.996 (0.978-1.015) | 0.704

(> 21 vs <2I)

PT, (S) 1.140 (0.923-1.408) | 0.223 I.111 (0.919-1.344) | 0.278

(> 13vs<13)

Cirrhosis, 0.929 (0.607—1.422) | 0.735 0.926 (0.634-1.353) | 0.690

(Yes vs No)

Child-Pugh, 1.192 (0.483-2.943) | 0.703 1.623 (0.790-3.338) | 0.188

(A vs B)

Tumor diameter (cm), 5.262 (3.375-8.203) | <0.001 3.606 (2.357-5.516) | <0.001

(> 10vs = 10)

Tumor number, 0.521 (0.312-0.869) | 0.013 0.584 (0.381-0.895) | 0.014

(I vs 2 2)

Microvascular invasion, 2491 (1.248-4.971) | 0.010 3.078 (1.604-5.904) | <0.001

(Yes vs No)

Tumor differentiation, 1.316 (1.137—-1.524) | <0.001 1.220 (1.074-1.386) | 0.002

(> G2vs < QG2)

Treatment options, 0.522 (0.321-0.849) | 0.009 0.567 (0.365-0.882) | 0.012

(Huaier vs Control)

Treatment options, 0.499 (0.243-1.025) | 0.058 0.536 (0.282-1.019) | 0.057

(Lenvatinib vs Control)

Treatment options, 0.269 (0.127-0.569) | 0.001 0.282 (0.145-0.546) | <0.001

(Huaier Plus Lenvatinib vs Control)

Abbreviations: AST, aspartate aminotransferase; ALB, albumin; ALT, alanine aminotransferase; PT, prothrombin time; TBIL,
total bilirubin; AFP, alpha fetoprotein; Cl, confidential interval; HR, hazard ratio; G, Grading.

Table 3 Multivariate Analyses of Prognostic Factors for Overall Survival (OS) and Disease-Free-

Survival (DFS)

Variables Multivariable Analysis (OS) | Multivariable Analysis (DFS)
HR (95% CI) P value HR (95% CI) P value
Tumor diameter (cm), 5.100 (3.148-8.261) | <0.001 2.939 (1.853—4.662) | <0.001
(> 10vs < 10)
Microvascular invasion, 2.171 (1.103-4.274) | 0.025
(Yes vs No)
(Continued)
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Table 3 (Continued).

Variables Multivariable Analysis (OS) | Multivariable Analysis (DFS)
HR (95% CI) P value HR (95% CI) P value

Tumor differentiation, 1.491 (1.146-1.941) | 0.003 1.383 (1.081-1.770) | 0.010

(> G2vs<QG2)

Treatment options, 0.408 (0.249-0.671) | <0.001 0. 450 (0.287-0.706) | 0.001

(Huaier vs Control)

Treatment options, 0.652 (0.310-1.369) | 0.258 0.559 (0.290-1.079) | 0.083

(Lenvatinib vs Control)

Treatment options, 0.243 (0.115-0.516) | <0.001 0.243 (0.125-0.472) | <0.00I

(Huaier Plus Lenvatinib vs Control)

Abbreviations: Cl, confidential interval; HR, hazard ratio; G, Grading.

Univariate and multivariate analyses revealed that tumor diameter >10 cm (P < 0.001) and tumor differentiation grade > G2
(P =0.003) were identified as independent risk factors for postoperative survival. The combination-therapy group post-surgery
demonstrated the best survival outcome (HR (95% CI): 0.243 (0.115-0.516); P < 0.001). Treatment with Huaier granules
monotherapy was superior to the control group (HR (95% CI): 0.408 (0.249-0.671); P < 0.001). The study also suggested that
lenvatinib monotherapy could improve postoperative survival rates (HR (95% CI): 0.652 (0.310-1.369); P = 0.258), but
a P-value > 0.05 indicates a lack of statistical significance (Table 3).

Tumor diameter >10 cm (P < 0.001), tumor differentiation grade > G2 (P = 0.010), and conventional pathology
showing microvascular invasion (P = 0.025) were identified as independent risk factors for postoperative recurrence. The
combination-therapy group post-surgery demonstrated the best outcome in reducing postoperative recurrence (HR (95%
CI): 0.243 (0.125-0.472); P < 0.001). Treatment with Huaier granules monotherapy was superior to the control group in
reducing recurrence (HR (95% CI): 0.450 (0.287-0.706); P = 0.001). The study suggested that lenvatinib monotherapy
could reduce postoperative recurrence rates (HR (95% CI): 0.559 (0.290-1.079); P = 0.083), but a P-value > 0.05
indicates a lack of statistical significance (Table 3).

Three regression models were established in this study to minimize the influence of confounding factors on study
outcomes. Different therapeutic regimens were analyzed as a single variable to assess their effects on OS and DFS
(Table 4 MODEL 1). Multivariable Cox regression analysis was performed to incorporate variables associated with study

Table 4 Predictive Model of Determinants Associated with Overall Survival (OS) and Disease-Free-
Survival (DFS)

Huaier vs Control Lenvatinib vs Control Huaier Plus Lenvatinib vs Control

Analysis of associated factors (OS)
HR (95% CI) P value

MODEL | | 0.522 (0.321-0.849) 0.009 | 0.499 (0.243—1.025) 0.058 | 0.269 (0.127-0.569) 0.001
MODEL 2 | 0.408 (0.249-0.671) <0.001 | 0.652 (0.310-1.369) 0.258 | 0.243 (0.115-0.516) <0.00|
MODEL 3 | 0317 (0.187-0.536) <0.001 | 0.555 (0.262—1.174) 0.123 | 0.194 (0.090-0.417) <0.00|

Analysis of associated factors (DFS)
HR (95% CI) P value

MODEL | | 0.567 (0.365-0.882) 0.012 0.536 (0.282-1.019) 0.057 | 0.282 (0.145-0.546) <0.001
MODEL 2 | 0. 450 (0.287-0.706) 0.001 | 0.559 (0.290-1.079) 0.083 | 0.243 (0.125-0.472) <0.001
MODEL 3 | 0.410 (0.258-0.650) <0.001 | 0.537 (0.277-1.040) 0.065 | 0.220 (0.112-0.432) <0.001

Notes: Variables in MODELI: Treatment options. Variables in MODEL2: Tumor diameter, Microvascular invasion, Tumor differentia-
tion, Treatment options. Variables in MODEL3: Age, Gender, preoperative AFP, Tumor diameter, Tumor number, Microvascular
invasion, Tumor differentiation, Treatment options.

Abbreviations: Cl, confidential interval; HR, hazard ratio; G, Grading.
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outcomes into the regression model (Table 4 MODEL 2). To further mitigate potential confounding, demographic
parameters and variables with established prognostic relevance to HCC postoperative outcomes were incorporated into
regression models (Table 4 MODEL 3), including Age, Gender, preoperative AFP, Tumor diameter, Tumor number,
Microvascular invasion, Tumor differentiation, Treatment options.”'® The outcomes in the regression models are
concordant, indicating that the aforementioned results exhibit relative stability.

Comparison of OS and DFS in Patients with MVI

In this cohort, a total of 193 patients were found to have concomitant MVI based on the pathological report after liver
resection. Compared to the control group, the drug adjuvant group exhibited a higher 2-year overall survival rate and
disease-free recurrence rate; compared to the monotherapy, the combination-therapy group exhibited a higher 2-year
overall survival rate and disease-free recurrence rate (2-year survival rates were 43.9%, 61.8%, 61.5%, 75.7% respectively,
P =0.008; 2-year disease-free survival rates were 31.7%, 50.6%, 50.0%, 67.6% respectively, P =0.001) (Figure 2A and B).

Adverse Events of Adjuvant Therapy

During follow-up, medical staff monitored all patients for drug safety. Among the 188 patients who received adjuvant therapy
over two years, 57 patients experienced adverse events. Adverse drug reactions were reported in 19 (17.27%), 18 (58.06%),
and 20 (42.55%) patients in the Huaier group, lenvatinib group, and Huaier plus lenvatinib combination therapy group,
respectively (Table 5). The most frequent adverse events included diarrhea (60.0%), hypertension (32.7%), decreased appetite
(21.81%), and PPES (16.36%). Medical staff observed life-threatening adverse events in 2 patients (3.6%), which involved
gastrointestinal bleeding in both cases. Medical staff classified adverse events according to the National Cancer Institute
Common Terminology Criteria for Adverse Events (CTCAE) v 5.0. Analysis of mortality causes revealed that no fatal adverse
events occurred. Non-oncological causes included cardiovascular events, renal failure, and other conditions (Table 6). The
study suggested that lenvatinib caused most adverse events in the combination therapy group. However, symptoms could be
alleviated by reducing the dosage or implementing symptomatic treatment options. Adverse drug reactions should be managed
with differentiated strategies based on expert consensus recommendations. "’

Discussion

HCC is the predominant form of primary liver cancer globally. Despite advancements in treatment, HCC remains highly
invasive, leading to high recurrence rates and poor postoperative survival even in the early and intermediate stages after
radical hepatectomy. To improve the prognosis following liver cancer surgery, various postoperative adjuvant options
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Figure 2 Kaplan-Meier analysis for survival in patients with HCC and MVI after radical hepatectomy. (A) Overall survival (OS). (B) Disease-free survival (DFS).
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Table 5 Incidence and Proportional Distribution of Adverse Events Across Therapeutic Arms

Adverse Events Adjuvant Therapy (188)
All (57) | Huaier (110) | Lenvatinib (31) | Huaier Plus Lenvatinib (47)
Incidence rate 19 (17.27%) 18 (58.06%) 20 (42.55%)
Hypertension 18 1 (0.91%) 10 (32.25%) 7 (14.89%)
Diarrhoea 33 17 (15.45%) 6 (19.35%) 10 (21.28%)
PPES 9 0 3 (9.68%) 6 (12.77%)
Decreased appetite | 12 2 (1.82%) 7 (22.58%) 3 (6.38%)
Others 4 0 3 (9.68%) I (2.13%)

Abbreviation: PPES, palmar-plantar erythrodysesthesia syndrome.

Table 6 Disclosure of Mortality Causality

Control Huaier Lenvatinib | Huaier Plus Lenvatinib
Total number of deaths | 29 37 10 9
Disease progression 23 (79.31%) | 25 (67.57%) | 7 (70.00%) 5 (55.55%)
Other causes 6 (20.68%) 12 (32.43%) | 3 (30.00%) 4 (44.44%)

have emerged including transarterial chemoembolization (TACE), radiation therapy, targeted therapy, immunotherapy,
antiviral therapy, traditional Chinese medicine, and other modalities.

Huaier, as a representative of traditional Chinese medicine, has garnered considerable interest among researchers due
to its advantageous characteristics, such as safety, minimal adverse events, and its multi-target approach to cancer
treatment. Huaier exhibits various mechanisms of action, including the inhibition of tumor neovascularization by
suppressing the proliferation of vascular endothelial cells, induction of apoptosis in cancer cells through activation of
the Caspase pathway, enhancement of immune function, and improvement of anti-tumor efficacy by modulating the
activity of T-lymphocyte subsets, natural killer cells, and multiple cytokines.* The immunomodulatory effects of Huaier
have been empirically validated and demonstrated to exert therapeutic benefits in the management of various immune-
related pathologies, including neoplastic disorders. Accumulating evidence indicates that Huaier exerts immunomodu-
latory effects on key immune cell populations, including natural killer (NK) cells, T lymphocytes, and B lymphocytes.
NK cells, as critical cytotoxic effectors of the innate immune system, are indispensable for antitumor immunity.
Pharmacological administration of Huaier or its bioactive derivatives has been demonstrated to enhance both the
numerical abundance and cytotoxic activity of NK cells. In murine models, the Huaier-derived polysaccharide TP-1
markedly increased splenic NK cell populations, highlighting its potential as an immunotherapeutic agent.'” In rat
models of HCC recurrence following liver transplantation, administration of Huaier polysaccharides significantly
elevated peripheral CD4* and CD8* T-cell frequencies. Experimental analyses further revealed that Huaier treatment
downregulated Foxp3* Treg populations in peripheral blood and facilitated the breakdown of immune tolerance to
malignant cells."® Emerging clinical studies have reported significantly elevated serum IgM levels in patients with HCC
receiving Huaier therapy. However, the mechanistic role of Huaier in IgM immunomodulation remains inconclusive.'*
A multicenter, randomized clinical trial has confirmed the efficacy of Huaier granules as a postoperative treatment for
liver cancer, demonstrating its ability to reduce recurrence and prolong survival effectively.’

Lou et al conducted a study investigating the impact of Huaier granules on the overall survival of patients following
radical hepatectomy for liver cancer. The results revealed significant improvements in OS at 1-year, 3-year, and 5-year
intervals between the control group and the Huaier granules group. Additionally, the 5-year RFS rate was higher in the
Huaier granules group compared to the control group, providing further evidence of the significant efficacy of Huaier
granules in improving OS and DFS after HCC resection."

Journal of Hepatocellular Carcinoma 2025:12 hetps: 1503



Liu et al

In a cohort study by Wang et al,'® the efficacy of Huaier granules after hepatectomy for liver cancer in preventing
tumor recurrence was examined. The study revealed favorable outcomes, further supporting the potential benefits of
Huaier granules in improving patient prognosis following surgical resection of HCC. Numerous studies have consistently
demonstrated that oral administration of Huaier granules after hepatectomy for liver cancer can effectively prevent tumor
recurrence and improve overall survival. In line with these findings, our present study revealed that compared to the
control group, the Huaier group exhibited significantly higher 2-year overall survival (47.3% vs 66.4%, P = 0.007) and
disease-free survival rates (40.0% vs 55.5%, P = 0.010) (Figure 1).

Targeted therapy is a specialized approach to cancer treatment that specifically targets molecules or pathways
involved in the growth and spread of cancer cells. Unlike traditional chemotherapy, which can harm healthy and cancer
cells, targeted therapy aims to attack cancer cells while minimizing damage to normal cells selectively.In recent years,
targeted therapy has also been used as adjuvant therapy in patients with HCC after hepatectomy. A randomized Phase 111
non-inferiority trial for advanced unresectable hepatocellular carcinoma demonstrated the efficacy of lenvatinib. Further
advancements in molecular targeted therapy have identified lenvatinib as a new treatment option for unresectable
hepatocellular carcinoma. Lenvatinib has become the second first-line targeted drug approved for treating of advanced
hepatocellular carcinoma, following sorafenib.’

Tumor recurrence plays a critical role in determining postoperative survival outcomes. In efforts to enhance the
postoperative survival of HCC patients, molecular targeted therapy has been employed as an adjuvant treatment
approach. A phase III randomized trial demonstrated that adjuvant therapy with Sorafenib following curative resection
for HCC was ineffective in improving clinical outcomes.'” On the other hand, relevant evidence has confirmed the
efficacy of lenvatinib as an adjuvant therapy for liver cancer, showing improvements in OS and RFS following
postoperative application.'®'?

This study assessed the efficacy of combining Huaier granules with lenvatinib as adjuvant therapy following curative
resection for HCC. A total of 243 patients who met the inclusion and exclusion criteria were included in this survival and
recurrence follow-up study after curative liver resection. Our study results indicate that compared to the control group,
both Huaier granules and lenvatinib significantly prolonged the 2-year OS (47.3% vs 66.4%; 47.3% vs 67.7%), as well as
DFS (40.0% vs 55.5%; 40.0% vs 58.1%). However, COX analysis suggested that lenvatinib monotherapy could prolong
survival in postoperative liver cancer patients compared to the control group, but with P > 0.05, it did not reach statistical
significance. This result may be due to the small sample size. Additionally, the results indicate that the combined
treatment regimen has the best therapeutic effect.

The prevalence of MVI in HCC patients is relatively high, ranging from 15% to 57%, and is considered an essential
factor contributing to postoperative recurrence.”’ Vascular endothelial growth factor (VEGF), a potent pro-angiogenic
factor, is crucial in promoting vascular endothelial cells proliferation, migration, and anti-apoptosis. Additionally, it acts
as a specific mitogen for vascular endothelial cells, enhancing vascular permeability.>' Huaier has been found to inhibit
the expression of VEGF in a dose-dependent manner, thereby reducing tumor angiogenesis.**>

In a study by Hua et al,>* the combination treatment group demonstrated a slightly higher survival rate compared to
the TACE group, along with a lower recurrence rate when comparing the 3-year survival rate and 1-3 year recurrence
rates between the TACE + Huaier granules group and the TACE group. This study suggested that the use of Huaier
granules after radical hepatectomy in patients with HCC and MVI can reduce tumor recurrence. Furthermore, our study
indicated that using Huaier granules significantly improved overall survival (43.9% vs 61.8%, P = 0.016) and disease-
free survival (31.7% vs 50.6%, P = 0.006) in HCC patients with MVI.

Lenvatinib, by suppressing the development of tumor neovascularization, has demonstrated its ability to inhibit tumor
growth, proliferation, and metastasis.® Consequently, numerous studies have suggested that lenvatinib exhibits favorable
therapeutic effects in patients with HCC and MVI. For instance, Dai et al conducted a study involving patients with HCC
who underwent curative liver resection and were found to have MVI on pathological examination.The lenvatinib group
demonstrated a more significant improvement in OS and RFS. Multivariate analysis indicated that adjuvant treatment
with lenvatinib was an independent prognostic factor for improved OS and RFS.'® A retrospective study analyzed the
survival outcomes of postoperative adjuvant use of lenvatinib in patients with HCC who underwent RO resection and had
histologically confirmed MVI. The lenvatinib group showed significant improvements in OS and TTR. The study
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compared prognostic outcomes among different MVI subgroups and found that lenvatinib treatment had a significant
effect when MVI = M1, with similar results observed for MVI = M2. Bai et al concluded that lenvatinib could reduce the
recurrence rate and improve long-term survival in patients with HCC and MVI after curative liver resection.'” Moreover,
this study demonstrated that patients receiving combination therapy in comparison to other groups showed significant
improvement in OS (P = 0.008) and DFS (P = 0.001).

Adverse events during the clinical use of drugs are an essential factor for evaluating drug effectiveness. In
a randomized controlled experiment, Chen et al® found that patients had outstanding tolerance to Huaier granules,
which initially confirmed the safety of Huaier granules. Most important, they found that all reactions were mild and
tolerable. Although lenvatinib has achieved significant clinical effects in the III phase clinical trial, its adverse events are
a major factor affecting the curative effect. A study by Kudo et al® found that adverse events occurred in 99% of patients
who received lenvatinib. The most common any-grade adverse events were hypertension, which accounted for 42%, and
other common adverse events were diarrhea (39%), decreased appetite (34%), and decreased body weight (31%). Expert
consensus suggests employing different measures based on specific adverse events.’

Adverse events resulting from drug treatment can significantly impact the quality of life and treatment compliance.
The safety profiles of Huaier granules and lenvatinib highlight their potential as well-tolerated adjuvant therapies in
patients with HCC. In our study, adverse events were observed in the combination treatment group, potentially
attributable to the concurrent use of lenvatinib. Throughout our research, these adverse events were managed by
adjusting drug dosage or implementing symptomatic treatment. This study found that two patients in the lenvatinib
group experienced gastrointestinal bleeding, which was a life-threatening adverse event. Some studies suggested that
antiangiogenic agents were associated with gastrointestinal bleeding.** It has been suggested that Huaier granules may
possess specific detoxification effects,” which could mitigate adverse events associated with lenvatinib. No adverse
gastrointestinal bleeding events were observed in the combination therapy group, which may have confirmed the
viewpoint above—however, this specific aspect needed to be more evident in our study. Adverse events remain a key
focus of our attention.

Although our research has demonstrated the improved prognosis associated with the combination of Huaier granules
and lenvatinib as adjuvant therapy, it is essential to acknowledge the limitations of this study: First, being a single-center
study, the results may be subject to biases and have limited generalizability compared to multi-center studies. Second, the
relatively small sample size of patients may impact the statistical power and generalizability of the findings. Therefore, in
future studies, we aim to address these limitations by increasing the sample size and extending the duration of follow-up.
Third, given the inherent limitations of retrospective analyses, prospective randomized controlled trials are warranted to
establish the observed association between combination therapy and improved clinical outcomes, and to confirm its
therapeutic benefits in patients with hepatocellular carcinoma.

Conclusions

In conclusion, this retrospective study observed an association between the combined use of Huaier Granules and
Lenvatinib and reduced postoperative recurrence rates, as well as improved long-term survival outcomes, in patients with
HCC following radical hepatectomy. However, large-scale multicenter randomized controlled trials and prospective
studies with rigorous methodologies are warranted to validate the therapeutic efficacy of this combination regimen.

Highlights

e Exploring effective adjuvant therapies for hepatocellular carcinoma.

e Investigation of independent risk factors for postoperative recurrence of hepatocellular carcinoma.
e Comparison of adverse events of Huaier and lenvatinib as adjuvant therapies.
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