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Objective: Evaluate the therapeutic efficacy and safety of Traditional Chinese
Medicine (TCM) in patients with primary liver cancer (PLC) receiving
targeted therapy.

Methods: We conducted a comprehensive search of databases. The search
scope covered the period from the establishment of the databases to April 2025.
We included 49 randomized controlled trials (RCTs) evaluating targeted therapy
for primary liver cancer with TCM. Efficacy and safety outcomes were assessed
using risk ratios (RR), standardized mean differences (SMD), and their 95%
confidence intervals (Cl).

Results: Targeted therapy for liver cancer patients who received TCM treatment
showed improvements in objective response rate (ORR) (RR, 1.49 [1.33-1.66], P <
0.0001), disease control rate (DCR) (RR, 1.32 [1.25,1.40], P < 0.0001), the 1-year
survival (RR, 1.50 [1.20,1.88]; P = 0.0004) and Karnofsky Performance Status (KPS)
(SMD, 1.34 [0.86,1.81]; P < 0.0001), and can reduce the incidence of adverse
events, as well as to some extent decrease the production of tumor markers and
related inflammatory factors.

Conclusion: TCM enhances the efficacy and safety of targeted therapy in PLC,
offering superior clinical outcomes with fewer adverse effects. These findings
support its potential integration into standard treatment protocols.

Systematic review registration: https://www.crd.york.ac.uk/prospero/,
identifier CRD420251055085.
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1 Introduction

The most recent findings from the International Agency for
Research on Cancer (IARC) reveal that primary liver cancer (PLC)
is the sixth most frequently diagnosed cancer worldwide and the
third deadliest in terms of cancer fatalities (1). Its high incidence
and mortality rates are primarily attributed to factors such as
chronic hepatitis B virus (HBV) and hepatitis C virus (HCV)
infections, aflatoxin exposure, and metabolic syndrome (2). As a
prevalent gastrointestinal cancer, PLC poses significant threats to
human health and remains a major therapeutic challenge. In clinical
practice, the diagnosis and monitoring of PLC heavily rely on
specific tumor markers, among which Alpha-fetoprotein (AFP) is
the most widely used. AFP maintains normal or low levels
throughout the life cycle but exhibits abnormal expression in
PLC, becoming a risk factor. As a biologically active molecular
protein in PLC, it participates in tumor growth, angiogenesis, and
immune regulation, influencing pathways related to PLC cell
proliferation and immune evasion. Elevated AFP levels are not
only indicative of tumor presence but are also correlated with tumor
burden, progression, and prognosis. Other emerging markers, such
as Des-y-carboxy prothrombin (DCP) and AFP-L3, are increasingly
recognized for their diagnostic and prognostic value (3, 4). In
addition to AFP, other laboratory parameters are critical for
assessing liver function and overall patient status. These include
liver enzymes (ALT, AST, ALP), measures of synthetic and
metabolic function (ALB, TP, TBIL), and general tumor markers
(CEA, CA125, CA19-9). Collectively, these biomarkers provide a
comprehensive overview of liver health, synthetic capacity, and
nutritional status, and are widely used to monitor disease
progression and risk in primary liver cancer (5).Despite
significant advances in screening and surveillance enabling earlier
detection, diagnosis, and treatment of PLC, a substantial proportion
(25-70%) of patients still present with advanced-stage disease at
diagnosis and miss the chance for curative intervention (1, 6, 7).
Although surgical resection, liver transplantation, and local
therapies offer potentially curative options, their application
remains limited to early-stage disease with small, localized
tumors, while therapeutic efficacy is frequently compromised by
the highly aggressive and metastatic nature of PLC (8, 9). Systemic
therapies offer effective treatment options for advanced PLC
patients with disease progression (10).

Tyrosine kinase inhibitors (TKIs), as the backbone of systemic
therapy for advanced PLC, have ushered in a new era of systemic
treatment. Sorafenib, indicated for unresectable PLC, remained the
only systemic therapy with proven survival benefits in advanced-
stage patients for many years. Lenvatinib, another TKI, has
demonstrated non-inferior survival outcomes to sorafenib,
establishing both agents as first-line therapies for advanced PLC,
which effectively delay disease progression (8, 11, 12). However,
their therapeutic efficacy remains constrained by adverse effects and
acquired resistance, representing persistent challenges in targeted
therapy. In the REFLECT trial (13), lenvatinib-treated patients
exhibited higher incidences of hypertension and proteinuria,
whereas sorafenib-treated patients experienced more frequent
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cutaneous reactions and diarrhea. These distinct toxicity profiles
similarly compromised quality-of-life (QoL) metrics in both
treatment arms. Recent years have witnessed significant advances
beyond targeted therapy, with emerging evidence demonstrating
the efficacy of both immunotherapy monotherapy (14) and
immune-targeted combinations (15), which have been
incorporated into the NCCN (2024) guidelines. While systemic
therapies have markedly improved survival outcomes and disease
control rates in advanced PLC patients, their clinical benefits
remain constrained by intrinsic resistance, treatment-related
toxicities, and persistently poor overall prognosis. These
challenges have driven the development of integrated therapeutic
strategies combining targeted agents with other modalities—
including immunotherapy, local therapies, and traditional
medicines—aiming to enhance treatment efficacy while mitigating
adverse effects.

With a history of thousands of years in clinical practice,
Traditional Chinese Medicine (TCM) has demonstrated its
rationale and efficacy in managing complex diseases. A growing
body of contemporary research now suggests that TCM may offer
novel solutions to modern challenges in cancer treatment (16).
TCM theory posits that the pathogenesis of liver cancer involves a

»

complex interplay of “Qi stagnation,” “Blood stasis,” and “Toxic
accumulation.” According to its theory, TCM proposes that the
overall treatment principles are to strengthen the body’s resistance
and eliminate evil. As an important method of cancer treatment in
China, TCM, as natural substances, has long been considered to
have the advantages of multi-pathway and multi-targets in tumor
treatment and exerts multifaceted pharmacological active effects
through comprehensive regulation, showing potential value in
alleviating adverse effects, reversing drug resistance, inhibiting
metastasis, regulating tumor immunity and improving therapeutic
efficacy (17, 18). The holistic concept of Chinese medicine coincides
with the systematic treatment of tumors as a systemic disease, and
the idea of “living with the tumor” not only seeks to improve the
progression of the disease, but also focuses on improving the quality
of life of the patient. Clinically, TCM is often used alongside
conventional cancer treatments with the goals of ameliorating
side effects, improving physical performance, and potentially
sensitizing tumors to targeted drugs. Accumulating evidence
confirms that TCM can significantly inhibit the migration,
invasion, and proliferation of liver cancer cells, thereby
contributing to prolonged overall survival (OS) and progression-
free survival (PES) in patients with PLC. Furthermore, Chinese
herbal medicine has been shown to mitigate hepatotoxicity and
gastrointestinal toxicity, potentially through the downregulation of
a spectrum of inflammation-related chemokines (19). It is precisely
these characteristics that make TCM a suitable candidate for
combination therapy with other therapies, thereby achieving
synergistic therapeutic effects against cancer.

Despite growing interest and clinical application, the evidence
supporting the combination of TCM with targeted therapy for PLC
remains fragmented and has not been comprehensively synthesized.
Previous systematic reviews have often been limited by small
sample sizes, a focus on a single TCM formula, or a lack of
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quantitative meta-analysis. Moreover, no rigorous quantitative
synthesis of the efficacy and safety of this integrated therapy has
yet been conducted in the existing literature. The primary objective
of this systematic review and meta-analysis is to determine whether
TCM, when combined with targeted therapy, improves survival
benefits and safety outcomes for patients with PLC receiving
targeted therapy compared to targeted therapy alone. This will be
achieved by critically evaluating and statistically synthesizing
existing evidence from randomized controlled trials (RCTs). By
doing so, we aim to enhance clinical efficacy and reduce adverse
events in patients with PLC, thereby improving their overall
treatment outcomes.

2 Methods

The systematic research program is registered in PROSPERO
under ID number CRD420251055085. The study adheres strictly to
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses(PRISMA) protocol, ensuring methodological
transparency and comprehensive reporting standards throughout
the investigation (20).

2.1 Eligibility criteria

Inclusion criteria followed the PICOS framework for
condition identification:

Participants (P): all included cases must be confirmed as PLC
patients after pathological/histological or imaging diagnosis.
There are no gender, race, or country restrictions.

Intervention (I): The intervention cohort of this study receives
TCM in combination with targeted therapeutic agents;
there is no restriction on the combination of targeted
therapeutic regimens, but the herbal medicines that must
be used are all taken orally.

Comparison (C): In the control cohort, inclusion of treatment
regimens receiving targeted therapeutic agents based on
targeted therapies; there is no restriction on the use of other
therapeutic regimens alone or in conjunction.

Outcome (O): To evaluate the efficacy and safety of oral herbal
medicines with targeted therapy.

Study design: This systematic study used an RCT for
analysis design.

The exclusion criteria applied were as follows: (1) incomplete or
missing data, which made it impossible to extract data; (2) duplicate
publications or duplicate data; (3) non-Chinese and English
literature; (4) unavailability of full text; and (5) absence of
important outcome indicators.
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2.2 Outcome indicator

Primary outcome: Assessment criteria were based on World
Health Organization (WHO) and Response Evaluation Criteria in
Solid Tumors (RECIST) guidelines. Based on remission (CR),
partial remission (PR), stable remission (SD), progressive
remission (PD), and summarized as overall remission rate (ORR)
and disease control rate (DCR).

Secondary outcomes: These comprised Karnofsky Performance
Status (KPS) scores and 1-year survival. Tumor makers, liver
function (ALT, AST, ALB, TBIL), immunologic profiles (CD3
+/CD4+/CD8+ T cells, CD4+/CD8+ ratio, NK cells), and safety
parameters were analyzed. Serum TNF-o, IL-6, and VEGF levels
were also quantified.

2.3 Search strategy and study selection

Two researchers independently conducted a comprehensive
literature search across international databases (Cochrane Library,
PubMed, EMBASE, and Web of Science) and Chinese databases
(CBM, CNKI, and Wanfang) to identify eligible studies published
from database inception to April 2025. A total of 3,226 potentially
relevant articles were initially identified. The search strategy was
structured into four key domains: Traditional Chinese Medicine
(TCM), including terms such as “herbal medicine”, “decoction”,
“capsule”, and “formula”; Liver cancer, covering “hepatocellular
carcinoma”, “liver neoplasms”, and “hepatic malignancies”;
Targeted therapy, incorporating agents like “sorafenib” and
“lenvatinib”; Randomized controlled trials (RCTs), using
keywords such as “randomized,” “RCT,” and “clinical trial.”
Chinese databases were searched using corresponding Chinese
keywords. All domain-specific terms were combined using
Boolean operators for the initial search (Full search strategy is
available in Supplementary Material 1). Two assessors
independently reviewed titles and abstracts for initial eligibility.
Full-text articles were evaluated for final inclusion, with
discrepancies resolved by consulting a third researcher.

2.4 Data extraction

The study collected information on the included trials and
participants, including authors of literature and year, the type of
research protocol, the average age of subjects, the sex
composition ratio, sample size, details of oral TCM
interventions (dosage and duration), specifications of targeted
therapy regimens (dosage and cycles), additional combined
treatments (dosage and cycles), and outcome measures. Any
discrepancies in data extraction were resolved through
consensus discussions among researchers.
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2.5 Risk of bias assessment

The methodological rigor of the included studies was evaluated
using the Cochrane Risk of Bias tool in RevMan 5.4, which examined
seven key areas: randomization, concealment of allocation, blinding of
participants and researchers, blinding of outcome assessors, handling
of incomplete data, potential selective reporting, and other sources of
bias. Each paper was then classified as having a low, high, or uncertain
risk of bias based on these criteria.

2.6 Statistical analysis

Statistical evaluation was performed with RevMan 5.4 and R
4.4.1. Treatment effects were quantified as RR/SMD with 95% ClIs
(P < 0.05). Heterogeneity was assessed via the Q test/I* statistics
(P <0.1 or I > 50% indicating significance), determining fixed/
random-effects model application. Publication bias (> 10 studies)
was assessed via funnel plots, while sensitivity analyses examined
individual study impacts. Subgroups were analyzed according to
whether the combination treatment involved other therapies.

10.3389/fonc.2025.1674965

3 Results
3.1 Literature search study characteristics

From an initial 3,226 records, 3,107 non-duplicate studies were
screened, yielding 51 full-text articles. Final analysis included 49
China-based RCTs evaluating oral TCM. See Figure 1 for the
selection flowchart and Supplementary Table 1 for
study characteristics.

3.2 Methodological biases

Bias risk was assessed for all 49 studies. While all studies
clearly described random allocation methods, the concealment
of allocation remained unclear. None of the studies explicitly
stated whether participants and investigators were blinded to
group assignment. The outcome data were complete, with no
sign of selective reporting observed across the studies.
Additionally, no other potential sources of bias were identified
(Figures 2, 3).

[ Identification of studies via databases and registers ]
P ¥
5 Records identified from Chinses Records identified from English
= database: databafe.
8 (n =3069 ) (n=157)
."_3 CNKI (n =69) Pubmed (I"l_—18)
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FIGURE 1
PRISMA flow diagram.
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FIGURE 2

Risk of bias visualization analysis. The results of the researchers’ comprehensive evaluation of each risk of bias dimension in all included literature,

presented in percentage form.

3.3 Outcome indicator

3.3.1 Tumor response

World Health Organization (WHO) criteria (21) or Response
Evaluation Criteria in Solid Tumors (RECIST) guidelines (22), both
of which provide reference standards for monitoring the diagnosis
and treatment of malignant tumors and evaluating their efficacy.
Based on the criteria provided above, a total of 49 studies (23-71)
were conducted, of which 28 (25, 26, 28-30, 32, 33, 35, 39, 40, 43,
45-50, 53-58, 60, 61, 63, 66, 70) included 1901 cases reporting ORR
and 31 (24, 28-36, 38, 41, 43, 47, 48, 50, 52-56, 58-63, 65, 66, 70,
71) studies included 2126 cases reporting DCR (Figures 4A, B). The
results of the systematic analysis showed no heterogeneity (ORR, I’
= 0%; DCR, I* = 30.9%). Compared with targeted therapy alone,
oral herbal medicines combined with targeted therapy significantly
increased the ORR (RR, 1.49 [1.33-1.66], P < 0.0001) and DCR (RR,
1.32 [1.25,1.40], P < 0.0001).

3.3.2 Quality of life

Among the included studies, a total of 15 studies (29, 32, 42, 43,
45, 46, 48, 55, 63, 64, 66-69, 71) reporting KPS quality of life
included 995 cases (Figure 5). The results showed that combined
TCM significantly improved KPS quality of life compared with
targeted therapy alone (SMD, 1.34 [0.86, 1.81]; P < 0.0001, =
86.9%). In conclusion, KPS was significantly improved in the oral
herbal medicine combined with targeted therapy group compared
with the control group. In addition, we performed a subgroup
analysis of this, which would group the intervention groups
according to whether they were combined with other treatment
modalities: one group included only targeted therapies; the other
group added immune checkpoint inhibitors, and no differences
were observed in this result (Supplementary Figure 1).

3.3.3 Survival rate

4 studies (26, 34, 62, 64) involving 251 patients reported 1-year
survival rates (Figure 6).Meta-analysis showed a significant
treatment group difference(RR, 1.50 [1.20-1.88], P = 0.0004; =
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0%). These results demonstrate that the combination of oral herbal
medicines with targeted therapy plays a significant role in
improving 1-year survival rates for CRC patients compared to
targeted therapy alone.

3.3.4 Tumor markers

A comprehensive analysis of 25 studies (29-32, 38, 40-42, 44,
48, 51-55, 58, 60-63, 66-68, 70, 71) involving 1,866 patients
evaluated the AFP biomarker. Additionally, 3 separate studies (41,
58, 68) encompassing 252 participants measured CA125 levels,
while 6 research projects (41, 48, 51, 58, 60, 68) with 456 subjects
assessed the CA199 marker. 4 clinical investigations (41, 48, 57, 60)
totaling 342 patients examined CEA levels, and 2 studies (44, 51)
comprising 169 cases reported findings on the CYFRA21-1
biomarker (Figures 7A-E). I values (I*> > 80%) indicated high
levels of heterogeneity. The results of the study showed that AFP
(SMD, -1.47 [-2.05;-0.89], P < 0.0001), CA125 (SMD, -1.39 [-2.19;-
0.59], P = 0.0007), and CA199 (SMD, -1.01 [-1.53;-0.49], P =
0.0001) were found between the two groups, CYFRA21-1 (SMD,
-1.83 [-3.07;-0.59], P = 0.0037) showed statistically significant
differences. The statistical results indicated that the group of oral
herbal medicines combined with targeted therapy effectively
lowered tumor marker levels. Our subgroup analyses, grouped
according to whether other treatments were added to the
intervention group, showed significant differences in subgroup
analyses for the CA199 metrics, with the addition of an immune
checkpoint inhibitor to targeted therapy in the intervention group
(n = 234, I* = 92%) and targeted therapy only in the intervention
group (n = 142, I* = 0%), whereas no differences were observed in
the other metrics (Supplementary Figures 2-5).

3.3.5 Liver function

12 studies (31, 32, 38, 40, 42, 43, 52, 57, 66-68, 70) with a total of
849 cases summarized ALT results; 10 studies (31, 38, 40, 42, 44, 52,
57, 66-68) with a total of 749 cases reported AST results; 10 studies
(31, 32, 40, 43, 44, 55, 62, 66, 67, 70) with a total of 771 cases
reported ALB indices; and 9 studies (32, 38, 40, 42, 51, 66-68, 70)
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FIGURE 3

Risk of bias assessment results. Systematic evaluation of the risk of
bias indicators by the investigators for each of the included studies
in the literature.

with a total of 590 cases reported TBIL indices (Figures 8A-D).
Meta-analysis results showed that I* values (I* > 80%) indicated
high levels of heterogeneity. There were statistically significant
differences between the results of two groups for ALT (SMD,
1.17 [-1.67:-0.67], P < 0.0001), AST (SMD, -1.13 [-1.87;-0.40],
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P = 0.0025), and TBIL (SMD, -1.09 [-1.74;-0.44], P = 0.0010), and
no statistically significant difference was found in ALB (SMD, 0.54
[-0.07;1.14], P = 0.0814) levels. Taken together, the results suggest
that the oral herbal medicines combined with a targeted therapy
regimen played a significant role in improving liver function, ALT,
AST, and TBIL. Our subgroup analyses remained grouped
according to the above criteria, and no differences were observed
in the results of liver function indices (Supplementary Figures 6-9).

3.3.6 Peripheral blood lymphocytes

6 studies (30, 38, 59-61, 63) with a total of 431 patients tested
for CD3+ indicators; 12 studies (23, 30, 38, 39, 41, 47, 48, 58-61, 63)
with a total of 818 patients reported CD4", CD8" indicators; 9
studies (23, 30, 38, 39, 48, 58-61) with a total of 568 patients
reported CD4"/CD8" indicators; and 5 studies (23, 44, 47, 58, 63)
with a total of 356 cases reported NK indicators (Figures 9A-E).
Meta-analysis results showed that I values (I > 80%) indicated
high levels of heterogeneity. There were statistically significant
differences for CD3" (SMD, 0.77 [0.02;1.51], P = 0.0439), CD4"
(SMD, 1.56 [0.64;2.53], P = 0.0010), and CD4"/CD8" (SMD, 1.64
[0.31;2.96], P = 0.0155), while there was no statistically significant
difference in the levels of CD8" (SMD, 0.18 [-0.68;1.04], P = 0.6789),
NK (SMD, 1.71 [-0.03;3.46], P = 0.0539). Taken together, the results
suggest that the oral herbal medicines combined with a targeted
therapy regimen improved CD3", CD4", and CD4"/CD8" levels.
We performed subgroup analyses again, and no differences were
found in the results (Supplementary Figures 10-14).

3.3.7 Inflammatory response-related expression

3 studies (31, 43, 62) with a total of 265 cases reported IL6 and
TNF-alpha metrics; 5 studies (24, 31, 40, 55, 62) with a total of 453
cases reported VEGF metrics (Figures 10A-C). The results indicate
that the I” value of IL6 metrics (I* = 0%) indicated no heterogeneity;
there was a statistically significant difference (SMD, -0.87 [-1.13;-
0.62], P < 0.0001). The remaining TNF-o. and VEGF index % values
(I* > 60%) indicated a low degree of heterogeneity, which was
analyzed using a random-effects model. TNF-o (SMD, -1.34
[-1.84;-0.85], P < 0.0001) and VEGF (SMD, -3.34 [-5.84;-0.84], P
= 0.0087) showed statistically significant differences. Taken
together, the results indicated that the oral herbal medicines
combined with a targeted therapy regimen improved IL6, TNF-a,
and VEGF levels.

3.3.8 Adverse drug reactions

38 studies (23-25, 27-33, 35-43, 46, 47, 50-58, 61-63, 65-67,
70, 71) reported the incidence of adverse reactions, specifically
including 21 adverse events (Figures 11A-V). 18 adverse events
showed no heterogeneity (I> <50%). Significant heterogeneity
existed for weakness (I* = 52.1%), diarrhea (I* = 57.1%), and loss
of appetite (I* = 53.7%). Specific meta-results showed that the
overall incidence of adverse effects (RR, 0.55 [0.47,0.65],
P < 0.0001), leukopenia (RR, 0.69 [0.49,0.96], P = 0.0298), and
thrombocytopenia (RR, 0.70 [0.54,0.91], P = 0.0086) occurred in
combination with Chinese herbal medicine and targeted therapy,
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Tumor response. (A) Forest plot of ORR meta-analysis results; (B) Forest plot of DCR meta-analysis results.

hypertension (RR, 0.70 [0.60, 0.82], P < 0.0001), proteinuria (RR,
0.60 [0.48,0.74], P < 0.0001), reactive cutaneous capillary
endothelial proliferation (RR, 0.70 [0.55,0.90], P = 0.0047),
weakness (RR, 0.52 [0.39,0.70], P < 0.0001), hand-foot syndrome
(RR, 0.68 [0.57,0.81], P < 0.0001), diarrhea (RR, 0.58 [0.42,0.80], P =
0.0009), hepatic insufficiency (RR, 0.40 [0.24,0.66], P = 0.0003),
renal insufficiency (RR, 0.47 [0.26 0.86], P = 0.0142), thyroid
dysfunction(RR, 0.54 [0.33, 0.86], P = 0.0101), gastrointestinal
reaction (RR, 0.59 [0.44, 0.80], P = 0.0006), and mouth ulcers
(RR, 0.45 [0.26, 0.79], P = 0.0050) incidence rates showed
statistically significant difference. In addition, the findings showed
in the incidence of bleeding (RR, 0.79 [0.50,1.27], P = 0.3297),
myelosuppression (RR, 0.66 [0.41, 1.07], P = 0.0906), joint/muscle

Experimental Control
Study N Mean SD N Mean SD
Li YF2024 32 7969 7.4000 30 71.33 10.7400
Ding W2024 32 8781 75100 32 8219 7.5100
Zhu WL2022 35 8571 55800 358257 6.5700
Li SD2023 32 7406 8.7500 33 63.64 4.8900
Tu XL2021 30 76.48 0.7200 30 68.38 6.8400
Wu YW2018 30 7500 7.8500 30 68.67 8.6700
Ye JH2022 20 6950 6.8600 20 64.50 10.5000
Tang YF2018 57 88.31 85200 56 76.44 7.2500
Zhong XT2023 50 8197 83300 50 77.13 15.0400
Kong DC2020 28 115.36 28.6100 28 90.26 20.5700
Zhan LH2022 30 87.07 4.9800 30 70.17 2.6100
XuWC2023 30 9043 6.1000 30 81.13 3.2200
Jiang XQ2022 37 7053 8.2300 38 60.23 7.2300
Han GM2021 29 8342 82200 29 60.12 7.2800
Wang X2025 26 7692 8.1300 26 70.00 7.8700
Random effects model 498 497

Heterogeneity: /° = 86.9%, t> = 0.8028, p < 0.0001

FIGURE 5
Forest plot of quality of life meta-analysis results.
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soreness (RR, 0.45 [0.20, 1.02], P = 0.0557), and skin rashes (RR,
0.76 [0.58 1.00], P = 0.0482), loss of appetite (RR, 0.64 [0.36, 1.13], P
= 0.1201), nausea/vomiting (RR, 0.78 [0.58, 1.06], P = 0.1116),
hemoglobin reduction (RR, 0.91 [0.61, 1.34], P = 0.6302), and
granulocytopenia (RR, 0.29 [0.08, 1.03], P = 0.0566) were not
statistically significantly different in incidence. Separate subgroup
analyses were performed in the indicators of weakness and loss of
appetite, according to the addition of immune checkpoint inhibitors
to the basis of targeted therapy in the intervention group (n = 215, I?
= 0%), (n = 115, I
intervention group (n

0%), and targeted therapy only in the
771, I = 65.8%), (n = 320, I* = 66.6%),
whereas no differences were observed in the indicators of diarrhea

(Supplementary Figures 15-17).
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FIGURE 6

Forest plot of 1-year survival meta-analysis results.

3.3.9 TCM syndrome evaluation

15 (23, 30, 32, 33, 37, 42,43, 46, 48, 61, 65-68, 71) studies with a
total of 899 cases reported the total TCM syndrome composite
scores; 12 (29, 32, 33, 40, 43, 46, 51, 58, 63, 65, 67, 68) studies with a
total of 805 cases reported the TCM syndrome efficacy scores
(Figures 12A, B). Meta results showed that there was no
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Experimental Control
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FIGURE 7

heterogeneity in the total TCM evidence score, I? = 31.3%, and
there was significant heterogeneity in the TCM evidence efficacy
score, I” = 89.1%. Compared with targeted therapy alone, there were
statistically significant differences in the total TCM evidence score
(RR, 1.50 [1.37,1.65], P < 0.0001) and TCM evidence efficacy score
(SMD, -1.73 [-2.28,-1.19], P < 0.0001) in the combined TCM group.
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Experimental Control
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Tumor markers. (A) Forest of AFP meta-analysis results; (B) Forest of CA125 meta-analysis results; (C) Forest of CA199 meta-analysis results;
(D) Forest of CEA meta-analysis results; (E) Forest of CYFRA21-1 meta-analysis results.
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Liver function. (A) Forest plot of ALT meta-analysis results; (B) Forest plot of AST meta-analysis results; (C) Forest plot of ALB meta-analysis results;

(D) Forest plot of TBIL meta-analysis results.

The above indicates that the combination of oral herbal medicines
and targeted therapy plays a good role in improving the total TCM
evidence score and TCM evidence efficacy score. No differences
were observed in the subgroup analyses (Supplementary Figure 18).

3.4 Publication bias analysis

We evaluated potential publication bias in our meta-analysis
using funnel plots, which were generated for outcomes reported in
210 studies. In our analysis, funnel plot examinations were
performed for the following parameters: Tumor response: ORR,
DCR; Safety profiles: overall adverse events, proteinuria, weakness,
nausea/vomiting, diarrhea, hypertension, skin rashes, loss of
appetite, reactive cutaneous capillary endothelial proliferation,
gastrointestinal reaction, thrombocytopenia; Laboratory markers:
AFP, ALB, ALT, AST; Immunological indicators: CD4*, CD8";
Clinical assessments: KPS; TCM outcomes: TCM syndrome
composite scores, TCM syndrome efficacy scores (Figures 13A-
V). Larger sample sizes enhance result reliability by reducing data
variability and standard errors, leading to denser clustering of data
points at the funnel plot apex. Smaller samples increase variability
and standard errors, resulting in wider dispersion of points at the
funnel plot base. As can be seen from the distribution of data points
in the figure, most of the studies used larger sample sizes. However,
we still included some small-sample studies, all of which provided a
thorough description of the intervention and final results. The
funnel plot analysis in our research demonstrated approximate
symmetry, suggesting no significant publication bias was present.

Frontiers in Oncology

3.5 Sensitivity analysis

Sensitivity analysis determines the impact of key studies on the
overall effect size by changing study selection criteria or data
assumptions and assessing whether the analysis is robust after
recombining the results. To evaluate the reliability of our
conclusions, we performed a sensitivity check by sequentially
eliminating each study and examining its impact on the
combined outcomes. This method helped us identify whether any
particular study skewed the meta-analysis findings. When the effect
sizes from these sensitivity tests aligned with the primary results, it
reinforced the credibility of our overall analysis (Supplementary
Figure 19A-U).

4 Discussion

PLC remains a pressing global health concern, marked by rising
incidence and mortality rates. While molecular targeted therapies
(e.g., sorafenib, lenvatinib, regorafenib) have revolutionized
treatment, their clinical utility is constrained by drug resistance,
adverse events, and high costs (72). TCM has become an important
adjuvant therapy in tumor treatment and plays an active role in the
clinic (73). While TCM adopts a holistic approach to treating PLC,
modern research has uncovered novel anti-tumor mechanisms of
its active compounds. These findings provide a mechanistic
rationale for the synergistic effects of TCM and represent a
crucial step in its modernization. Accumulating evidence indicates
that the anti-tumor mechanisms of TCM are multifaceted,
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Adverse effects. (A) Forest plot of meta-analysis results for leukopenia; (B) Forest plot of meta-analysis results for thrombocytopenia; (C) Forest plot
of meta-analysis results for hypertension; (D) Forest plot of meta-analysis results for proteinuria; (E) Reactive cutaneous capillary endothelial
proliferation meta-analysis result forest map; (F) Weakness meta-analysis result forest map; (G) Forest plot of meta-analysis results for hand-foot
syndrome; (H) Forest plot of meta-analysis results for diarrhea; (I) Forest plot of results of meta-analysis of hepatic insufficiency; (J) Forest plot of
results of meta-analysis of renal insufficiency; (K) Forest plot of meta-analytic results for thyroid dysfunction; (L) Forest plot of meta-analytic results
for gastrointestinal reaction; (M) Forest plot of meta-analytic results for mouth ulcers; (N) Forest plot of meta-analytic results for bleeding; (O) Forest
plot of meta-analytic results for myelosuppression; (P) Forest plot of meta-analytic results for joint/muscle soreness; (Q) Forest plot of meta-analytic
results for skin rashes; (R) Forest plot of meta-analytic results for loss of appetite; (S) Forest plot of meta-analysis results for nausea/vomiting;

(T) Forest plot of meta-analysis results for hemoglobin reduction; (U) Forest plot of meta-analytic results for granulocytopenia; (V) Forest plot of
meta-analytic results for total incidence of adverse events.

including inducing apoptosis and autophagy, promoting cell cycle
arrest, inhibiting angiogenesis and metastasis, as well as exerting
anti-inflammatory, antioxidant, and immunomodulatory effects
(16). The active components of the Chinese herbal formula Wan-
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Nian-Qing inhibit the growth of PLC cells by modulating the
expression of serum interleukins, chemokines, and tumor necrosis
factor. This immunomodulation, in turn, activates natural killer
(NK) cells and regulates T-cell responses, ultimately leading to the
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FIGURE 12

TCM syndrome scores. (A) Forest plot of meta-analysis for TCM syndrome composite scores; (B) Forest plot of meta-analysis for TCM syndrome

efficacy scores.

promotion of tumor cell apoptosis (74). It is precisely due to
properties such as anti-inflammatory, immunomodulatory, and
anti-angiogenic effects that TCM supports its application across
all stages of PLC development and progression. Numerous studies
have reported that TCM combined with targeted-based therapeutic
regimens can provide survival benefits to patients with advanced
PLC. However, their effectiveness and safety have not been
systematically and comprehensively analyzed. Therefore, this
study systematically analyzed and included 49 randomized
controlled clinical studies to evaluate the efficacy and safety of
targeted-based regimens combined with oral herbal medicine in the
treatment of advanced PLC. The analysis revealed significantly

higher ORR and DCR in the treatment group compared to
targeted therapy alone. Therefore, the targeted-based regimen
proved to be more effective when combined with oral
herbal medicine.

Growing evidence underscores the immune function’s key role
in tumor development and advancement, making immune status
and quality-of-life assessments essential for cancer patients
undergoing pharmacotherapy (75). CD3, a characteristic surface
marker of T cells, constitutes a complex that plays a key role in
antigen recognition and signaling (76). Furthermore, CD4™ T cells,
functioning as helper T cell subsets, serve as central regulators of
antitumor immune responses through cytokine secretion and CD8"
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FIGURE 13

Publication bias evaluation. (A) ORR; (B) DCR; (C) KPS; (D) CD4+; (E) CD8+; (F) AFP; (G) ALT; (H) AST; (I) ALB; (J) Total adverse events;
(K) Thrombocytopenia; (L) Hypertension; (M) Proteinuria; (N) Weakness; (O) Diarrhea; (P) Hand-foot syndrome; (Q) Gastrointestinal reaction; (R) Skin
rashes; (S) Loss of appetite; (T) Nausea/vomiting; (U) TCM syndrome composite scores; (V) TCM syndrome efficacy scores.
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T cell activation, representing key modulators of adaptive
immunity. Astragaloside enhances the secretion of interleukin-2
(IL-2) and interferon-gamma (IFN-y), thereby promoting the
expression of CD25 and CD69 on CD4+ T cells (77). In contrast,
CD8" cytotoxic T lymphocytes (CTLs) directly eliminate tumor
cells via effector molecules, including granzymes. In clinical
practice, the CD4"/CD8" ratio serves as a critical biomarker for
evaluating immune homeostasis (78). Quantification of these
surface markers has become an essential clinical tool for assessing
immune function, monitoring tumor progression, and predicting
therapeutic outcomes and prognosis (79). TCM exhibits multi-
pathway and multi-target mechanisms of action with favorable
safety profiles, demonstrating efficacy in modulating the tumor
immune microenvironment and enhancing therapeutic outcomes
(20, 80). Various herbal decoctions have gained widespread clinical
application due to their convenient administration and
demonstrated treatment benefits. Therefore, this study conducted
a meta-analysis to assess the effectiveness and safety of integrating
targeted therapy and oral TCM in PLC treatment. Our findings
demonstrate that the combined regimen significantly improved
CD3" and CD4" T cell counts and CD4*/CD8" ratio and reduced
the expression of inflammation-associated factors compared to
targeted therapy alone. In addition, it has largely improved the
overall quality of life of patients with advanced PLC. Research
indicates (81) that herbs regulate immunity by reducing
inflammation and boosting immune activity. In vivo experiments
showed (82) that rhubarb stinging pill could reverse the Treg/TH1
balance of CD4" T cells and improve the suppressed immune state
of the body. These findings demonstrate that herbal medicine exerts
antitumor effects by modulating T-cell immunity and suppressing
inflammation. Our results suggest that distinct Chinese herbal
formulations can remodel the tumor microenvironment and
enhance immune function.

Tumor biomarkers, as bioactive substances produced by
malignant cells or their microenvironment, play pivotal roles in
early detection, therapeutic monitoring, and prognosis assessment
of cancers (83). AFP remains the gold-standard diagnostic marker
for PLC (84), with elevated levels constituting both a risk factor (85)
and a reliable indicator for diagnosis, prognosis, and surveillance
(86). CA125 elevation correlates with aggressive tumor biology and
poor outcomes in PLC (87). CA199, while more characteristic of
ICC, retains prognostic value in PLC (88). Our study quantitatively
evaluated serum levels of key tumor biomarkers (AFP, CA125,
CA199), revealing that the oral herbal medicine combined with
target-based regimens also has the potential to reduce the
expression levels of relevant tumor markers, which can
significantly improve the therapeutic efficacy.

Finally, the results suggest that a targeted regimen based on the
combined use of oral herbal medicines may reduce the overall
incidence of adverse events. The study revealed that patients
receiving combination therapy experienced fewer adverse effects,
including leukopenia, thrombocytopenia, hypertension,
proteinuria, reactive cutaneous capillary endothelial proliferation,
weakness, hand-foot syndrome, diarrhea, hepatic/renal
insufficiency, thyroid dysfunction, gastrointestinal reaction, and
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mouth ulcers as compared to the control group. Therefore, the
results obtained from the analysis of this study support that the
combination therapy based on a targeted therapeutic regimen with
oral herbal medicine is safe for the treatment of PLC. In addition,
liver function indexes are also commonly used to assess drug safety
and are crucial in PLC treatment and prognosis (89). The results
showed that the combination therapy group significantly improved
the ALT, AST, and TBIL levels of patients, thus improving liver
function. It has been shown (90) that tiliroside increases the activity
of sorafenib in hepatocellular carcinoma by inducing iron death,
and no side effects have been observed as a result.

The enhanced tumor response rate observed in this meta-
analysis is particularly noteworthy. This challenges the traditional
view of TCM as a purely supportive therapeutic modality. We
hypothesize that this synergistic effect may stem from TCM’s multi-
targeted mechanisms of action, such as reversing multidrug
resistance by inhibiting efflux pumps, suppressing pro-angiogenic
factors beyond VEGF, and modulating the tumor
microenvironment (91). Furthermore, the significant reduction in
both the incidence and severity of adverse events provides direct
and immediate guidance for clinical practice. Managing side effects
is crucial for maintaining the dose intensity of targeted therapy—a
factor proven to predict survival outcomes (92). By mitigating toxic
reactions, TCM indirectly prolongs the duration patients can
receive effective treatment, thereby promoting survival benefits.
For clinicians, this study provides preliminary evidence
supporting the integration of standardized TCM interventions,
particularly for patients burdened by treatment-related symptoms.
This strategy aligns with precision supportive care objectives,
aiming for personalized management focused not only on the
tumor but on the patient as a whole.

This review has several limitations, while also pointing to clear
directions for future research. First, variations exist in TCM
interventions, such as different herbal formulas and treatment
cycles. Future studies should shift from exploring “whether TCM
is effective” to investigating “which herbal formula is most effective
for specific patient characteristics” or “when is the optimal timing
for integrated treatment.” Second, the number of included trials is
limited, with insufficient data for certain indicators. Most studies
originated from single-center investigations conducted in China,
raising potential concerns about regional bias that may lead to
heterogeneity in results. Therefore, we recommend that future
studies incorporate multicenter, large-sample, high-quality
randomized controlled trials to support our findings and enhance
the robustness of research.

5 Conclusions

In summary, this meta-analysis provides compelling evidence
that the combination of TCM with targeted therapy offers a
synergistic strategy to enhance treatment efficacy and reduce
toxicity in PLC. These findings hold significant clinical
implications, suggesting that TCM should be considered a
valuable therapeutic modality within the modern oncology
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treatment framework. However, translating these findings into
routine clinical practice requires prioritizing the standardization
of TCM interventions in future research. This necessitates
conducting multicenter, large-scale, high-quality, rigorously
controlled trials that incorporate mechanistic studies. Such efforts
are essential for validating current results, defining specific clinical
application, and ultimately paving the way for integrating TCM into
PLC treatment protocols.
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