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Abstract
Background  Primary liver cancer is one of the most common malignant tumors with a rising incidence in recent years. 
In China, it ranks as the fourth most prevalent malignancy. Although surgery is the primary treatment, many advanced-
stage patients are ineligible due to late diagnosis, rapid progression, or other contraindications. Targeted therapy, chemo-
therapy, and transarterial chemoembolization (TACE) are common non-surgical approaches, but these often result in 
significant side effects such as gastrointestinal reactions, bone marrow suppression, and high recurrence rates. In this 
context, integrative treatment with traditional Chinese medicine (TCM) has shown promise. Cinobufacin, a TCM drug 
developed in China, has demonstrated superior efficacy and safety when combined with Western treatments in patients 
with advanced hepatocellular carcinoma (HCC).
Methods  We conducted a systematic review and meta-analysis by searching PubMed, Embase, Cochrane Library, CNKI, 
WanFang Data, VIP, and the Chinese Biomedical Literature Database (CBM) for randomized controlled trials (RCTs) com-
paring cinobufacin combined with conventional Western treatments to Western treatments alone in advanced HCC 
patients. The search covered all databases up to December 30, 2024. Statistical analyses were performed using Stata 
15.0, and Review Manager.
Results  A total of 30 studies were included in the meta-analysis. Cinobufacin combination therapy significantly improved 
the disease control rate (DCR, OR = 2.49, 95% CI 2.01 to 3.07), reduced alpha-fetoprotein (AFP) levels (SMD = − 1.86, 95% 
CI − 2.58 to − 1.13), alanine aminotransferase (ALT) levels (SMD = − 1.66, 95% CI − 2.48 to − 0.83), and total bilirubin (TBIL) 
levels (SMD = − 1.82, 95% CI − 2.36 to − 1.28). It also increased white blood cell (WBC) counts (SMD = 0.58, 95% CI 0.06 
to 1.11) and improved Karnofsky Performance Status (KPS) scores (SMD = 1.24, 95% CI 0.93 to 1.56). Funnel plots and 
sensitivity analyses confirmed the robustness of the results.
Conclusion  Cinobufacin combined with Western treatments significantly improves clinical efficacy, reduces adverse drug 
reactions, and enhances the quality of life for patients with advanced HCC.
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1  Introduction

Hepatocellular carcinoma (HCC) is one of the most common and lethal malignancies worldwide, accounting for a 
significant proportion of cancer-related deaths [1]. In China, HCC represents an even greater burden, ranking as the 
fourth most prevalent cancer and posing a major public health challenge [2]. Despite advancements in early detec-
tion and treatment, most patients are diagnosed at an advanced stage due to the asymptomatic nature of early 
disease and the rapid progression of HCC. This delayed diagnosis, combined with the tumor’s aggressive nature, 
limits the eligibility of many patients for curative surgical interventions such as liver resection or transplantation [3]. 
For patients with advanced-stage HCC who are not candidates for surgery, non-surgical options, including targeted 
therapy, chemotherapy, and transarterial chemoembolization (TACE), remain the primary treatment modalities [4, 
5]. While these therapies have demonstrated efficacy in controlling tumor progression and improving survival, they 
are often associated with significant limitations, including high recurrence rates, substantial gastrointestinal toxicity, 
bone marrow suppression, and other severe adverse effects [6, 7]. Consequently, therapeutic outcomes for advanced 
HCC remain suboptimal, highlighting the critical need for more effective and tolerable treatment strategies.

In recent years, there has been increasing interest in integrative approaches that combine traditional Chinese 
medicine (TCM) with Western medical treatments for HCC, particularly for patients with advanced-stage disease. 
These approaches aim to enhance therapeutic efficacy while minimizing the severe side effects of conventional 
therapies. Among the many TCM-based interventions, cinobufacin—a standardized Chinese medicinal preparation 
derived from the skin of Bufo bufo gargarizans—has garnered significant attention for its promising role in managing 
advanced HCC [8]. Cinobufacin has demonstrated the ability to improve treatment outcomes both as a standalone 
therapy and in combination with Western treatments such as TACE, chemotherapy (e.g., FOLFOX4), or supportive care 
[9]. Clinical studies suggest that cinobufacin can improve disease control rates, alleviate treatment-induced toxicity, 
and significantly enhance patients’quality of life [10, 11].

Despite the promising therapeutic potential of cinobufacin, there is a need for rigorous, evidence-based evalua-
tion of its efficacy and safety when used in combination with Western medical treatments for advanced HCC. While 
individual studies have reported favorable outcomes, the lack of comprehensive synthesis and meta-analysis limits 
the ability to draw definitive conclusions about its clinical utility. A systematic evaluation of randomized controlled 
trials (RCTs) is essential to establish the role of cinobufacin in integrative treatment strategies and to provide robust 
evidence to guide clinical practice. The objective of this study is to perform a systematic review and meta-analysis 
of RCTs to assess the efficacy and safety of cinobufacin-based combination therapy in patients with advanced HCC.

2 � Methods

2.1 � Study design

This study is a systematic review and meta-analysis aimed at evaluating the efficacy and safety of cinobufacin-based 
combination therapy in the treatment of advanced HCC. By systematically synthesizing evidence from RCTs, the study 
seeks to provide a comprehensive assessment of the clinical outcomes associated with this integrative approach, 
focusing on both therapeutic effectiveness and the mitigation of adverse effects.

2.2 � Eligibility criteria

2.2.1 � Inclusion criteria

Study design: only RCTs were included to ensure the highest level of evidence. Population: studies involving patients 
diagnosed with advanced HCC. Intervention and control: the intervention group received cinobufacin-based combi-
nation therapy, while the control group received conventional Western treatments alone. Outcomes: studies report-
ing at least one of the following outcomes were included: disease control rate (DCR). Liver function markers, such as 
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alanine aminotransferase (ALT) and total bilirubin (TBIL). Quality of life indicators, such as the Karnofsky Performance 
Status (KPS). Safety outcomes, including adverse effects and toxicity data.

2.2.2 � Exclusion criteria

Study design: non-RCTs, such as observational studies, case reports, review articles, and editorials, were excluded. Data 
availability: studies with incomplete or unavailable data, such as missing key outcomes or insufficient statistical informa-
tion, were excluded to maintain the reliability of the analysis.

2.3 � Search strategy

A systematic search was conducted across multiple databases to identify relevant studies. The databases included Pub-
Med, Embase, Cochrane Library, Chinese National Knowledge Infrastructure (CNKI), WanFang Data, VIP Chinese Science 
and Technology Journals Database, and Chinese Biomedical Literature Database (CBM). The search strategy employed 
a combination of Medical Subject Headings (MeSH) terms, keywords, and their synonyms. Key search terms included 
“cinobufacin,” “hepatocellular carcinoma” OR “liver cancer,” “combination therapy,” and “randomized controlled trials” OR 
“RCTs.” Boolean operators (“AND,” “OR”) were applied to combine terms effectively, and filters were used to refine the 
search results. The search spanned all studies published from the inception of each database up to December 30, 2024.

2.4 � Study selection

Two independent reviewers conducted an initial screening of titles and abstracts to identify studies that potentially met 
the eligibility criteria. Full-text articles were retrieved for studies deemed eligible or unclear during the title and abstract 
screening phase. The same two reviewers independently assessed the full-text articles to determine their inclusion based 
on the predefined eligibility criteria. Any discrepancies between the two reviewers during the screening or selection 
process were resolved through discussion.

2.5 � Data extraction

The following information was systematically extracted from each included study: Study Characteristics: author names, 
publication year, study design, sample size, intervention details, and control group details. Patient Demographics: base-
line characteristics of participants, including age, and gender. Clinical Outcomes: key efficacy metrics, including DCR, 
AFP levels, ALT, TBIL, WBC counts, and KPS scores.

2.6 � Risk of bias assessment

The risk of bias in the included studies was evaluated using the Cochrane Risk of Bias tool. The assessment covered the 
following domains: Random Sequence Generation: evaluating whether the allocation sequence was generated appro-
priately to ensure randomization. Allocation Concealment: assessing whether the allocation process was concealed to 
prevent selection bias. Blinding: examining the blinding of participants, personnel, and outcome assessors to reduce 
performance and detection bias. Incomplete Outcome Data: evaluating the handling of missing data and the potential 
for attrition bias. Selective Reporting: checking for the presence of selective outcome reporting to identify potential 
reporting bias. Other Biases: assessing any other sources of bias that could affect the validity of the study results.

2.7 � Statistical analysis

Statistical analyses were performed using Stata 15.0, and Review Manager software. The following methods were 
employed: odds ratios (ORs) with 95% confidence intervals (CIs) were calculated for dichotomous outcomes, such as 
the DCR. Standardized mean differences (SMDs) with 95% CIs were used for continuous outcomes, including AFP levels, 
ALT, TBIL, WBC counts, and KPS scores. Cochran’s Q test and the I2 statistic were used to assess statistical heterogeneity 
among the included studies. Subgroup analyses were conducted to explore potential sources of heterogeneity, such as 
differences in treatment regimens or patient characteristics. Sensitivity analysis was performed by sequentially excluding 



Vol:.(1234567890)

Research	  
Discover Oncology          (2025) 16:703  | https://doi.org/10.1007/s12672-025-02501-7

individual studies to test the robustness of the pooled results and identify potential outliers. Publication bias was assessed 
using funnel plots for visual inspection and Egger’s test for quantitative evaluation.

2.8 � Ethical considerations

No ethical approval was required for this study, as it exclusively utilized data from previously published studies. No new 
patient data were collected, and no direct interventions were performed.

2.9 � Reporting standards

The study was conducted and reported in strict adherence to the PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) guidelines to ensure transparency, reproducibility, and methodological rigor.

3 � Results

A total of 936 records were initially identified through database searches, as shown in Fig. 1. After the removal of 569 
duplicates, 367 articles remained for further screening. Of these, 536 articles were excluded based on title and abstract 
review due to irrelevance or insufficient information. Full-text screening of the remaining 33 articles resulted in the 
exclusion of 3 studies (2 review articles and 1 article with unavailable full text), leaving 30 RCTs for inclusion in the 
meta-analysis.

The characteristics of the included studies are summarized in Table 1. All studies were conducted in China and involved 
advanced HCC patients. The total sample size across the studies was substantial, with a range from 38 to 110 participants 
per study. The intervention groups received cinobufacin-based combination therapies, primarily combined with TACE 
(transarterial chemoembolization), and were compared to control groups receiving conventional Western therapies such 
as TACE alone, chemotherapy, or other standard treatments. The evaluation indices varied among studies and included 
DCR, liver function markers (e.g., ALT, TBIL), AFP levels, WBC counts, KPS scores, and adverse events. The demographic 
profiles of the patients were comparable between groups, with mean ages ranging from 42 to 65 years and a predomi-
nance of male participants in both intervention and control groups.

The quality of the 30 included RCTs was assessed using the Cochrane Risk of Bias (RoB) tool, as shown in Fig. 2. Over-
all, while the majority of studies were of sufficient methodological quality, some limitations, particularly in allocation 
concealment and blinding, indicate room for improvement in future trials.

Fig. 1   PRISMA flow diagram
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3.1 � Disease control rate

The DCR was reported in all 30 included studies, and the results are presented in Fig. 3. The pooled analysis demonstrated 
a significant improvement in DCR for the cinobufacin-based combination therapy group compared to the control group 
(OR = 2.49, 95% CI 2.01 to 3.07, p < 0.001). No substantial heterogeneity was observed across the studies (I2 = 0%, p = 0.985), 
indicating consistency in the reported effects. This suggests that cinobufacin, when combined with Western treatments, 
contributes to better disease control in patients with advanced hepatocellular carcinoma.

3.2 � Alpha‑fetoprotein

The effects of cinobufacin combination therapy on AFP levels are shown in Fig. 4. The meta-analysis revealed that the treat-
ment significantly reduced AFP levels compared to the control group (SMD = − 1.86, 95% CI − 2.58 to − 1.13, p < 0.001). 
However, moderate to high heterogeneity was observed (I2 = 95.1%, p < 0.001), likely due to differences in baseline AFP levels 
and treatment protocols among the included studies.

3.3 � Liver function markers

Cinobufacin-based therapies demonstrated a significant reduction in liver function markers, including ALT and TBIL. For ALT 
levels (Fig. 5), the pooled SMD was − 1.66 (95% CI − 2.48 to − 0.83, p < 0.001), with high heterogeneity (I2 = 92.0%, p < 0.001). 
Similarly, for TBIL levels (Fig. 6), the pooled SMD was − 1.82 (95% CI − 2.36 to − 1.28, p < 0.001), with moderate heterogeneity 
(I2 = 80.5%, p < 0.001). These findings suggest that cinobufacin improves liver function by reducing liver enzyme levels and 
bilirubin, thereby mitigating liver damage in advanced HCC patients.

Fig. 2   Risk of bias assessment. A Summary of risk of bias for each included study based on the Cochrane Risk of Bias tool, categorized as low, 
unclear, or high risk. B Risk of bias graph showing the percentage of studies with low, unclear, and high risk of bias across various domains, 
including random sequence generation, allocation concealment, blinding, incomplete outcome data, and selective reporting
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Fig. 3   The forest plot shows 
the pooled OR for the DCR 
comparing cinobufacin-based 
combination therapy to 
control treatments in patients 
with advanced hepatocellular 
carcinoma

Fig. 4   The forest plot illus-
trates the SMD for AFP levels 
between the intervention and 
control groups
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3.4 � White blood cell count

Cinobufacin was also associated with an improvement in WBC counts, as shown in Fig. 7. The pooled analysis yielded 
a statistically significant SMD of 0.58 (95% CI 0.06 to 1.11, p = 0.027), with moderate heterogeneity (I2 = 79.7%, p = 
0.001). This indicates that cinobufacin may enhance the immune function of patients, potentially contributing to 
its therapeutic effects.

Fig. 5   The forest plot depicts 
the SMD for ALT levels 
between the groups

Fig. 6   The forest plot presents 
the pooled SMD for TBIL levels
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3.5 � Quality of life

The KPS score, a measure of quality of life, was significantly improved in the cinobufacin group compared to the 
control group, as shown in Fig. 8. The pooled SMD was 1.24 (95% CI 0.93 to 1.56, p < 0.001), with low to moderate 
heterogeneity (I2 = 57.3%, p = 0.029). This suggests that cinobufacin combination therapy not only improves clinical 
outcomes but also enhances the overall quality of life in patients with advanced HCC.

Fig. 7   The forest plot displays 
the SMD for WBC counts

Fig. 8   Forest plot of Karnof-
sky performance status (KPS) 
scores
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3.6 � Publication bias and sensitivity analysis

Publication bias was assessed using funnel plots and Egger’s test (Fig. 9). No significant asymmetry was observed, 
suggesting a low risk of publication bias in the included studies. Sensitivity analyses, conducted by sequentially 
excluding individual studies (Fig. 10), confirmed the robustness of the pooled results for all primary and secondary 
outcomes. The results remained consistent, indicating that the findings are reliable and not driven by any single study.

Fig. 9   The funnel plot corresponds to the following outcomes: A DCR, B AFP levels, C ALT levels, D TBIL levels, E WBC counts, and F KPS 
scores

Fig. 10   The sensitivity analysis corresponds to the following outcomes: A DCR, B AFP levels, C ALT levels, D TBIL levels, E WBC counts, and F 
KPS scores 
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4 � Discussion

This meta-analysis demonstrated that cinobufacin-based combination therapy significantly improved clinical out-
comes in patients with advanced HCC. The therapy was associated with a higher DCR compared to conventional 
treatments, along with notable reductions in key biomarkers, including AFP, ALT, and TBIL levels. Additionally, cin-
obufacin improved immune function, as evidenced by increased WBC counts, and enhanced patients’ quality of 
life, reflected in higher KPS scores [12]. The robustness of the findings is further supported by low heterogeneity in 
primary outcomes, particularly for DCR, and the consistency of results across sensitivity analyses, indicating that the 
conclusions are reliable and not influenced by any single study. These findings highlight the potential of cinobufacin-
based combination therapy as an effective and safer integrative approach for the management of advanced HCC.

4.1 � Comparison with previous studies

This meta-analysis confirms the efficacy of cinobufacin in improving clinical outcomes and reducing toxicity in 
advanced cancer treatments, consistent with previous research. Studies have shown that cinobufacin combined with 
TACE significantly increases objective response rates and 2-year survival rates in advanced hepatocellular carcinoma 
patients [9]. In advanced gastric cancer, cinobufacin injection enhances chemotherapy efficacy, improves quality of 
life, and alleviates side effects [10]. For advanced breast cancer, cinobufacin combined with chemotherapy improves 
clinical efficacy, reduces tumor markers, and decreases adverse reactions [13]. In moderate to advanced primary liver 
cancer, cinobufacin injection demonstrates beneficial effects on total response rates and 1–2 years survival rates 
[14]. These findings consistently support the use of cinobufacin as an adjunct therapy in various advanced cancers, 
improving treatment outcomes and reducing toxicity.

4.2 � Mechanisms of action

The observed benefits of cinobufacin in advanced HCC can be attributed to several potential mechanisms of action:
Immune Modulation: studies have shown that cinobufacin stimulates the proliferation of splenocytes and mac-

rophages, enhances phagocytic activity, and increases CD4+/CD8+ T-cell ratios [15]. It also promotes the secretion 
of Th1 cytokines while suppressing Th2 cytokines, potentially shifting the immune response towards tumor sup-
pression [16]. Cinobufacin’s anticancer properties include inducing tumor cell apoptosis, inhibiting proliferation and 
metastasis, and reversing multidrug resistance [17]. In clinical trials, combining cinobufacin with platinum-based 
chemotherapy for non-small-cell lung cancer improved disease control rates, survival rates, and immune function 
markers such as CD3+ and CD4+ T-cell counts, while reducing chemotherapy-related toxicity [18]. These findings 
suggest cinobufacin’s promise as an immunotherapeutic agent for cancer treatment.

Hepatitis B Virus Suppression: chronic hepatitis B virus (HBV) infection is a major risk factor for hepatocellular 
carcinoma (HCC), particularly in Asia [19]. Antiviral therapies have shown promise in reducing HCC risk and improv-
ing outcomes. Studies have demonstrated that antiviral treatment can lower HCC incidence in chronic HBV patients, 
with one US-based study reporting a 61% risk reduction [20]. Antiviral therapies can inhibit HBV replication, reduce 
viral load, and improve liver function, potentially slowing tumor progression and enhancing treatment outcomes 
[21]. Cinobufacini, a traditional Chinese medicine, has exhibited anti-HBV properties in vitro, effectively inhibiting 
HBV antigen secretion and viral mRNA expression in HepG2.2.15 cells [22]. These findings suggest that antiviral treat-
ments, including both conventional therapies and traditional medicines like cinobufacini, may play a crucial role in 
preventing HCC development and recurrence in chronic HBV patients.

Anti-Tumor Effects: cinobufacin exhibits direct cytotoxic effects on tumor cells by inducing apoptosis and inhib-
iting cell proliferation. It directly inhibits cancer cell proliferation and induces apoptosis through various mecha-
nisms, including DNA damage, mitochondrial pathway activation, and cell cycle arrest [23]. Cinobufagin also disrupts 
angiogenesis by downregulating pro-angiogenic factors like VEGF and suppressing the endothelial mTOR/HIF-1α 
pathway, thereby impairing tumor blood supply and growth [24]. Its anti-angiogenic effects are mediated through 
ROS accumulation and mitochondrial dysfunction in endothelial cells [24]. Additionally, cinobufagin downregulates 
topoisomerase I and II expression, contributing to its antiproliferative effects [25].
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These multifaceted mechanisms likely work synergistically to improve clinical outcomes and reduce treatment-
related toxicity in HCC patients receiving cinobufacin-based combination therapy, making it a promising integrative 
treatment option.

4.3 � Strengths of the study

This meta-analysis possesses several strengths that enhance the reliability and validity of its findings: a thorough and 
systematic search was conducted across multiple major databases, including both English and Chinese-language 
sources, ensuring the inclusion of a wide range of studies. The large number of RCTs incorporated into the analysis 
provides a robust evidence base for evaluating the efficacy and safety of cinobufacin-based combination therapy 
in advanced HCC. The study employed a well-defined and transparent methodological approach, including inde-
pendent screening of studies, data extraction, and risk of bias assessment by two reviewers. Sophisticated statistical 
techniques were applied to synthesize the data, including ORs for dichotomous outcomes and SMDs for continuous 
outcomes. Heterogeneity was systematically assessed using Cochran’s Q test and I2 statistics, and subgroup and 
sensitivity analyses were performed to explore sources of variability and confirm the robustness of the findings.

4.4 � Limitations

While this meta-analysis provides valuable insights, several limitations should be acknowledged:
Geographic Restriction: all included studies in this meta-analysis were conducted in China, where cinobufacin 

is widely utilized as part of traditional Chinese medicine. While the findings demonstrate promising efficacy for 
cinobufacin-based combination therapy in advanced HCC, the geographic restriction raises concerns regarding the 
generalizability of the results to other populations. Several factors may contribute to this limitation. First, healthcare 
systems and clinical practices in China may differ significantly from those in other regions, potentially influencing 
treatment protocols and patient outcomes. Second, patient demographics, including genetic predispositions, life-
style habits, and the prevalence of underlying conditions such as chronic hepatitis B, vary across populations and 
could impact the therapeutic effects of cinobufacin. Although the results are encouraging, caution is warranted 
when extrapolating these findings to populations outside of China. Further studies in diverse geographic and clini-
cal settings are needed to validate whether the benefits of cinobufacin-based therapy extend to other ethnic and 
demographic groups.

Variability in Treatment Protocols: there was notable variability in the included studies with respect to cinobufacin 
dosage, types of combination therapies (e.g., with TACE, chemotherapy, or supportive care), and control treatments. 
These differences may contribute to heterogeneity in certain outcomes, such as AFP and ALT levels, and could influ-
ence the consistency of the observed effects.

Potential Publication Bias: despite the use of funnel plots and Egger’s test, the possibility of publication bias 
cannot be entirely excluded. Studies with negative or insignificant results may have gone unpublished, potentially 
overestimating the overall efficacy and safety of cinobufacin-based combination therapy.

Lack of Long-Term Follow-Up Data: a notable limitation of the included studies is the relatively short follow-
up periods, which restricts the assessment of the long-term efficacy and safety of cinobufacin-based combination 
therapy. While short-term outcomes, such as disease control rates, liver function, immune response, and quality 
of life, demonstrated consistent improvements, critical long-term outcomes—including overall survival (OS) and 
progression-free survival (PFS)—were reported in only a subset of studies. This gap in evidence raises concerns about 
the durability of the observed therapeutic benefits and whether they translate into meaningful survival advantages 
for patients with advanced HCC. Furthermore, the lack of long-term data limits the ability to evaluate potential late-
onset adverse effects or risks associated with cinobufacin therapy. To address these limitations, future studies with 
extended follow-up durations are essential to comprehensively assess the sustained clinical benefits and long-term 
safety profile of cinobufacin-based regimens. Such research will provide a more robust evidence base to guide clini-
cal decision-making in the treatment of advanced HCC. These limitations highlight the need for further research to 
validate the findings in more diverse populations, explore standardized treatment protocols, and assess long-term 
outcomes of cinobufacin combination therapy in advanced hepatocellular carcinoma.
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4.5 � Clinical implications

The findings of this meta-analysis have important practical implications for the treatment of advanced HCC. Cinobu-
facin-based combination therapy demonstrated significant improvements in therapeutic outcomes while reducing 
the toxicity associated with conventional treatments. These results support the integration of cinobufacin into cur-
rent treatment protocols for advanced HCC as a complementary approach to enhance efficacy and improve patient 
quality of life.

Moreover, cinobufacin holds particular promise as a cost-effective treatment option in resource-limited settings, 
where access to advanced Western therapies such as targeted therapy or immunotherapy may be constrained by 
financial or logistical barriers. As a widely available and affordable traditional Chinese medicine, cinobufacin pro-
vides an alternative that can bridge the gap in cancer care, particularly in regions with high HCC burden and limited 
healthcare resources. These findings underscore the potential of integrative medicine to offer practical and scalable 
solutions for managing advanced HCC globally.

5 � Conclusion

This meta-analysis demonstrates that cinobufacin-based combination therapy significantly improves clinical out-
comes, including disease control rate, liver function, immune response, and quality of life in patients with advanced 
HCC. Despite some limitations, the findings support the integration of cinobufacin into treatment protocols as a 
complementary therapy, particularly in resource-limited settings. Further large-scale, multicenter studies are needed 
to validate these results, explore long-term benefits, and optimize treatment regimens.
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