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ARTICLE INFO ABSTRACT
Keywords: Background & aims: Traditional Chinese medicine and radiofrequency ablation are becoming
Traditional Chinese medicine increasingly important in the treatment of primary liver cancer. However, the clinical outcome of

Radiofrequency ablation
Liver neoplasms
Meta-analysis

traditional Chinese medicine plus radiofrequency ablation is contentious. This study aimed to
conduct a meta-analysis of randomized controlled clinical trials to address this gap.

Methods: Short-term efficacy, alpha-fetoprotein level, immune function, liver function, and
quality of life outcomes in patients with primary liver cancer treated with Chinese herbal med-
icine adjuvant radiofrequency ablation were systematically reviewed.

Results: Eighteen randomized controlled clinical trials with 1488 patients with primary liver
cancer were included. The combination treatment significantly increased the objective remission
rate and quality of patient survival compared to the control group. Combination treatment
significantly improved immunity and liver function factors, including CD3, CD4, CD4/CD8,
alanine aminotransferase, aspartate aminotransferase, total bilirubin, and albumin levels. How-
ever, there were no statistical differences in CD8 levels across treatments. Trial sequential analysis
showed that the cumulative Z-curve of the Objective response rate crossed the conventional and
test sequence monitoring boundaries; however, it did not cross the required information size line.
Conclusions: Traditional Chinese medicine combined with radiofrequency ablation for primary
liver cancer can effectively reduce alpha-fetoprotein and improve clinical efficacy, immune
function, liver function, as well as the quality of life.

1. Introduction

Primary liver cancer (PLC) is one of the most common and aggressive [1] malignant tumors, with the second-highest mortality
worldwide [2], accounting for approximately 782,000 deaths annually [3]. The main clinical therapeutic strategies include liver
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resection, liver transplantation, ablation therapy, and interventional therapy. Radiofrequency ablation (RFA), as the most common
ablation method, has been developed for early hepatocellular carcinoma, and its efficacy and safety have been verified in various
randomized controlled trials (RCTs); especially, RFA alone may be considered a definitive treatment for the tumors less than 3 cm
[4-6]. Meanwhile, RFA is also considered as a crucial combined treatment for tumors between 3 and 5 cm, and larger than 5 cm in the
system treatment protocol of PLC [7-9]. However, the prognosis of patients remains poor owing to the high recurrence rate,
incomplete ablation [10], liver damage, infection, and other adverse effects of the RFA [11]. Adjuvant therapy following ablation is a
significant unmet medical need [12].

In recent years, many researchers have explored Traditional Chinese medicine (TCM) combined with RFA to treat PLC. Previous
studies have shown that using TCM as an adjunctive treatment can reduce recurrence rates, improve incomplete ablation, and reduce
the incidence of liver damage and adverse effects [13]. TCM is a vital component of complementary and alternative medicine [14],
playing a critical role in the treatment of cancer, yet it has not been fully explored. Chinese medicine emphasizes the internal balance of
the body [15], focusing on treating the patient as a whole rather than directly inhibiting cancer itself [16]. TCM states that the causes of
hepatocellular carcinoma (HCC) are yu (stasis), du (toxicity), and xu (deficiency) [16]. Therefore, treatment is based on the philosophy
of huo-xue-hua-yu (removing blood stasis), Jian-Pi-Li-Qi (regulating the flow of qi and strengthening the spleen), or qing-re-jie-du
(clearing heat and detoxifying toxins) [17]. Moreover, TCM can alleviate the tumor symptoms in patients as well as control the
size of tumors, thereby improving their quality of life (QOL) and prolonging the survival time of these patients [18]. Based on this
development and its advantages, it is vital to explore TCM’s role in RFA for PLC.

Several clinical RCTs have been conducted on TCM combined with RFA for PLC. The reported results were inconsistent, with the
major controversial points being the objective response rates (ORRs) and immune function. In a meta-analysis by Jiang et al. (2017),
TCM combined with RFA was shown to be effective for PLC; however, immune and liver functions were not evaluated in this study.
Several new RCTs have been published that focus on assessing immune and liver functions [19-22]. Therefore, it is necessary to
supplement the evidence regardng TCM plus RFA for PLC. This study systematically evaluated the clinical efficacy of TCM combined
with RFA in treating PLC.

2. Materials and methods
2.1. Literature search strategy

A comprehensive literature search was conducted by combining the medical subject headings and free words. Each database was
searched from its inception to March 30, 2022. The Chinese databases included the Chinese National Knowledge Infrastructure (CNKI),
Chongqing VIP Chinese Science and Technology Periodical Database (VIP), China Biology Medicine disc (CBM), and Wan-Fang
Database. For Chinese databases, the following terms were combined to search articles: “liver neoplasms” OR “hepatocellular carci-
noma” OR “liver tumor” AND “Chinese herbal medicine” OR “Chinese medicine” OR “traditional Chinese medicine” OR “Chinese
herbal extracts” AND “catheter ablation” OR “ablation therapy” OR “radiofrequency” OR ‘radiofrequency ablation” OR “radio-
frequency therapy.” The English databases included PubMed, EMBASE, Cochrane Library, and Web of Science. The English database
used the following search strategy: “liver neoplasms” [Mesh] OR “primary liver cancer” OR “liver cancer” OR “hepatic neoplasm” OR
“cancer of liver” OR “hepatocellular cancer” OR “hepatic cancer” OR “cancer of the liver” AND “Radiofrequency Ablation” OR “Radio
Frequency Ablation” OR “Radio-Frequency Ablation” OR “Ablation, Radiofrequency” OR “Ablation, Radio Frequency” OR “Ablation,
Radio-Frequency” AND “Drugs, Chinese Herbal” [Mesh] OR “Chinese Herbal Drugs” OR “Chinese Plant Extracts” OR “Chinese Drugs,
Plant” OR “Herbal Drugs, Chinese” OR “Plant Extracts, Chinese” OR “Extracts, Chinese Plant."

2.2. Inclusion criteria

The inclusion criteria were as follows: (I) all patients included in this study were diagnosed with PLC; (II) the experimental group
was treated with TCM intervention combined with RFA, and the control group was treated with RFA alone; and (III) all the included
studies were confirmed as clinical RCTs.

2.3. Exclusion criteria

The study was manually excluded if any of the following situations were met: (I) duplicate literature; (II) overviews, case reports, or
articles unrelated to the topic; (III) articles on other TCM interventions such as acupuncture; (IV) animal experiments; (V) articles in
which the test subjects had received radiation and chemotherapy; (VI) the TCM intervention time was less than two weeks; and (VII)
unavailable data or unreported target outcomes.

2.4. Outcome measures

The primary outcomes were ORR and immune function; the secondary outcomes were quality of life score, liver function indicators,
and alpha-fetoprotein (AFP). (I) ORR evaluations were determined according to the Response Evaluation Criteria in Solid Tumors
(RECIST) or WHO Solid Tumor Therapeutic Evaluation Criteria. RECIST classifies tumor response as complete remission (CR), partial
remission (PR), stable disease (SD), and progressive disease (PD). ORR—CR + PR; (II) immune function assessment items included
CD3", CD4", CD8™, and CD4+/CD8+; (III) liver function is reflected by alanine aminotransferase (ALT), aspartate aminotransferase
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(AST), total bilirubin (TBIL), and albumin (ALB) levels; and (IV) QOL of patients was assessed using the Karnofsky Performance Status
(KPS) score.

2.5. Data extraction and risk of bias assessment

The literature was screened, extracted, and cross-checked by two investigators (Y. Kong and X.N. Zhu) independently. Any
disagreement was resolved through discussion or consultation with a third party (H. Jia). The literature was initially screened by first
reading the title of the text, and after excluding irrelevant literature, the abstract and full text were further read to determine inclusion.
Data extraction included : (I) basic information about the included studies: study title, first author, and journal of publication; (II)
baseline characteristics of the study population and interventions; (III) key elements of the risk of bias evaluation; and (IV) outcome
indicators of interest and outcome measures data. The risk of bias of the included studies was evaluated independently by two in-
vestigators (Y. Kong and X.N. Zhu) and the results were cross-checked. The risk of bias assessment of the included literature was
performed using the RCT risk of bias assessment tool recommended in the Cochrane Handbook 6.2 [23].

2.6. Statistical analysis

The study data were analyzed using RevMan 5.4 software and Stata 17.0. Dichotomous variables are demonstrated as relative risk
(RR), and continuous variables are demonstrated as standardized mean difference (SMD). The effect indicators of each study are
expressed as 95% confidence interval (CI). I? was used to assess heterogeneity. A random-effects model was adopted for high het-
erogeneity (I > 50%), and a fixed-effects model was adopted for low heterogeneity (I> < 50%). When more than 10 studies were
included, funnel plots were used to evaluate publication bias. In addition, Egger’s test was used to assess funnel plot asymmetry.
Sensitivity analysis of synthetic results was conducted using a leave-one-out meta-analysis in Stata 17.0.

All related literatures n = 1322 Other pathways n =0

= Excluding repeated literature n = 271

A 4
Reading title, summary n = 1051

Animal experiment n = 33

\

Summary, mechanism study n = 154
Other n =817

Yy

Traditional Chinese medicine combined
with ablation for liver cancer n = 47

Exclusion of non-RCT n =9

Excluding the non-simple ablation
treatment in the control group, n =1

Exclude not getting full text n = 1

Exclusion of microwave ablation and
cryoablation n = 12
Exclusion of outcome index discrepancy n =4

Exclusion of TCM intervention <14d n=2

4

Compliance with inclusion and exclusion criteria n = 18

Fig. 1. Study selection process for the meta-analysis.
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TSA 0.9.5.10 Beta software developed by the Clinical Trials Centre in Copenhagen, Denmark, was used for trial sequence analysis
(TSA) to assess the results’ stability and calculate the required information size (RIS) to obtain sound conclusions. When the cumu-
lative Z-curve crossed the trial sequential monitoring boundary or entered the futility area, a sufficient level of evidence for the
anticipated intervention effect was reached, and no further trials were required. If the Z-curve did not cross any boundary and the
required information size (RIS) was not reached, the evidence to was insufficient and more trials were needed to confirm the results.
TSA was used to reduce the risk of reaching a false-negative conclusion [24].

3. Results
3.1. Retrieval results

The initial search yielded 1322 articles, 271 of which were excluded because of duplication. From the retrieval results, 1004 articles
were excluded based on irrelevance to the study (n = 817) or other reasons stated (n = 187). From this, potentially eligible studies were
identified. After a detailed evaluation of the full text, non-RCT studies (n = 9), studies in which control groups were not treated with a
single radiofrequency ablation (n = 1), studies where full text was not available (n = 1), studies with microwave ablation and cry-
oablation (n = 12), inconsistent outcome indicators (n = 4), and TCM interventions <14 days (n = 2) were excluded from the analysis.
In total, 18 trials were included in the final analysis, including 1193 patients with PLC (Fig. 1).

3.2. Basic characteristics of included studies

The basic characteristics of the included studies are shown in Table 1. Eighteen RCTs published between 2003 and 2022 evaluated
the efficacy and safety of TCM combined with RFA compared with RFA alone for the treatment of PLC. All of them showed good
response with the TCM combined with RFA strategy. Eleven of them displayed higher level of evidence due to focusing on the ORR as
the endpoint [19-22,25,26,27,28-30,31,31]. Nine trials reported on the indicators of immune function [19,20,25,32,26,33,29,34,35].
Eleven trials reported on the indicators of liver function [20,21,25,32,36,27,28,33,30,31,35]. Six trials compared the KPS scores of
patients the experimental and control groups [20,25,36,28,30,34]. Eight trials reported on the level of AFP [21,25,32,37,33,28,30,38,
31].

3.3. Assessment of risk of bias

The risk of bias was evaluated using the RCT risk of bias assessment tool recommended in the Cochrane Handbook 6.2 [18]. The
overall risk of bias is graphically summarized in Fig. 2.

Table 1
Baseline characteristics of the included studies.
Study Type Intervention Cases (treatment group/control average age outcomes
group) T C

[19] RCT RFA + fushengkang capsule 42/42 48.14 + 49.01 + OO
6.71 6.76

[20] RCT RFA + Qinggan Huayu Recipe 49/45 - - OOOOEO®

[21] RCT RFA + Yipi Yanggan Decoction 22/20 49.1+7.2 49.3+7.3 [0]610]6I0I)

[22] RCT RFA + Jiawei Xiaoyao Powder 21/21 51.32 + 53.61 + 0]
4.68 5.33

[25] RCT RFA + Kangai Injection 42/40 50.6 + 4.5 49.3 £5.3 OOROOOEO®OO®®

[36] RCT RFA + Aitongxiao Gr anule 15/15 - - ®DO

[32] RCT RFA + Aidi Injection 42/47 52.3+ 50.7+ [6]6I6]610)]
15.6 13.8

[26] RCT RFA + Fuzheng Jiedu Tongluo 45/45 53.79 + 55.41 + [0]6]0]6)]
8.12 6.38

[371 RCT RFA + Xiaoaiping 31/30 51.3 49.1 @]

[27] RCT RFA + Xiaoji Huoxue Kangai RFA + 39/39 54.14 + 54.56 + [0]6lelele)

Prescription 6.71 6.60

[33] RCT RFA + Aidi Injection 36/31 50.2 +£16.3 50.2 +16.3 [6]6I6]610)]

[28] RCT RFA + Jiawei Xiaoyao Powder 21/21 51.32 + 53.61 + OEOEOO®
4.68 5.33

[29] RCT RFA + Jiawei Sijunzi Decoction 30/30 55.11 + 54.23 + OOe®G
0.26 0.29

[30] RCT RFA + Jia wei Chai shao liu jun zi tang 20/19 50.4 +15.1 49.6 + 14.7 OO

[38] RCT  RFA + ailiyou 31/30 - - @

[34] RCT RFA + Tianzhicao capsule 50/40 48 49 QO®OO

[31] RCT RFA + Modified Shenling Baizhu Powder 37/37 56.6 + 3.1 55.3 + 2.6 [0]610]6)

[35] RCT  RFA + Aidi injection 34/34 55.6 56.8 OROOCOO®O®

Abbreviations: RCT, Randomized controlled trial; RFA, radiofrequency ablation; T, treatment; C. control; @, ORR; @, CD3; ®, CD4; @, CDS8; ®,
CD4/CD8; ®, ALT; @, AST; ®, TBIL; ®, ALB; @, KPS; @, AFP.



Y. Kong et al. Heliyon 9 (2023) e18591

3.4. Outcome measures
3.4.1. Tumor progression

3.4.1.1. Objective response rate. Eleven RCTs were included with 753 patients, including 380 and 373 patients in the trial and control
groups, respectively. Meta-analysis of the fixed-effect model showed that the experimental group showed increased tumor ORR
compared to the control group (RR = 0.78, 95% CI [0.46, 1.09], p < 0.001) (Fig. 3a).

3.4.1.2. AFP. Eight RCTs with a total of 496 patients were included, of which 251 and 245 patients were in the trial and control
groups, respectively. Meta-analysis of the random-effects model revealed that the experimental group showed decreased tumor AFP
levels compared to the control group (SMD = —0.83, 95% CI [-1.15, —0.51], p < 0.001) (Fig. 3b).

3.4.2. Immune function

3.4.2.1. CD3". The four studies included 316 patients, of which 164 and 152 patients were in the trial and control groups, respec-
tively. Meta-analysis of the fixed-effects model showed that the trial group had a significantly enhanced ratio of CD3™" cells in the body
compared to the control group (MD = 1.25, 95% CI [0.97, 1.54], p < 0.001) (Fig. 3c).

3.4.2.2. CD4". Nine RCTs were included with a total of 724 patients with CD4" data, including 370 and 354 patients in the exper-
imental and control groups, respectively. Meta-analysis of the random-effects model showed that the percentage of CD4" cells in the
experimental group was significantly higher compared to that in the control group (SMD = 1.01, 95% CI [0.42, 1.59], p < 0.001)
(Fig. 3d).

3.4.2.3. CD8". Eight RCTs were included with 640 patients, including 328 patients in the experimental group and 312 patients in the
control group. Meta-analysis of the random-effects model showed that the percentage of CD8" cells was lower in the experimental
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Fig. 2. Risk of bias in the included studies.
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Fig. 3. Meta-analysis of ORR, AFP, CD3, CD4, CD8, and CD4/CD8.
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group than in the control group (SMD = — 0.74, 95% CI [— 1.67, 0.18], p = 0.12) (Fig. 3e).

3.4.2.4. CD4"/CD8". Seven RCTs with 642 patients were included, with 327 and 315 patients in the experimental and control groups,
respectively. Meta-analysis of the fixed-effects model showed that CD4"/CD8™ cells were higher in the experimental group than in the
control group (SMD = 0.43, 95% CI [0.26, 0.60], p = 0.00001) (Fig. 3f).

3.4.3. Liver function

3.4.3.1. ALT. Six RCTs with a total of 646 patients were included, which included 326 and 320 patients in the experimental and

Treatment Control SMD Weight Treatment Control SMD Weight
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Lietal2020 49 50.12 413 45 5978 423 | -229(-281, 1.77) 17.03 Lelal2020] 49146118 408456070 438 =M= el W0 g2ul], 1259
Louetal 2007 42 54 196 47 70 221 M- 076[-1.18, -0.33] 12.92
Wangetal.2019 39 49.84 486 39 8289 7.78 —Ml— -5.04[-5.95, -4.14] 16.02 WaAEAIiz010’ ¢ k70 642 9010467 ozl 57314385001 1207
Yueetal2010 34 50.72 1135 34 8456 10.73 = -3.03[-372, -2.34] 16,63 Gectdon: o5 47 FERi 24 o B |-106[-165 059 1274
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control groups, respectively. Meta-analysis of the random-effects model showed that ALT levels were lower in the experimental group
compared to that in the control group (SMD = —1.70, 95% CI (—2.51, —0.89), p < 0.00001) (Fig. 4b).

3.4.3.2. AST. Six RCTs with 448 patients were included, of which 227 patients were in the experimental group and 221 patients were
in the control group. Meta-analysis of the random-effects model showed that AST levels were lower in the experimental group
compared to that in the control group (SMD = —2.33, 95% CI [-3.54, —1.11], p < 0.001) (Fig. 4a)

3.4.3.3. ALB. Six RCTs were included with 472 patients, including 235 and 237 patients in the experimental and control groups,
respectively. Meta-analysis of the random-effects model showed that ALB was higher in the experimental group compared to that in the
control group (SMD = 1.12, 95% CI [0.50, 1.74], p < 0.001) (Fig. 4c).

3.4.3.4. TBIL. Six RCTs were included with 383 patients, including 193 and 190 patients in the experimental and control groups,
respectively. Meta-analysis of the random-effects model showed that TBIL levels were higher in the experimental group compared to
that in the control group (SMD = —1.51, 95% CI [-2.22, —0.80], p < 0.001). (Fig. 4d).

3.4.3.5. KPS. Six RCTs were included with 377 patients, including 197 and 180 patients in the experimental and control groups,
respectively. Meta-analysis of the fixed-effects model showed that the patients in the experimental group showed improved quality of
life than patients in the control group (SMD = 1.16, 95% CI [0.94, 1.37], p < 0.001). (Fig. 4e).

3.4.4. Publication bias

The funnel plot test was used to evaluate the publication bias of ORR studies. Moreover, the funnel plot showed a left-right
symmetrical distribution, indicating that there was no potential publication bias (Fig. 4f). A regression-based Egger test of t = 1.03
and p = 0.33 further demonstrated the absence of publication bias.

3.4.5. Analysis of sensitivity
We conducted sensitivity analyses using a leave-one-out meta-analysis. Each study was excluded once, and the remaining studies
were included in the meta-analysis. No additional variation was observed, indicating the robustness of the data analysis (Fig. 5).

3.4.6. Trial sequence analysis

A trial sequential analysis (TSA) of ORR was conducted, demonstrating the following results: 11 studies reporting ORR were
analyzed with a Type I error defined as 5%, an information axis set at cumulative sample size, and a statistical power of 80%, with the
sample size as the RIS. The [relative risk reduction (RRR)] and control event rate was set at —30% and 47%, respectively, based on the
meta-analysis results. The final TSA bounding graph is shown in Fig. 6. The cumulative Z-curve crossed both the conventional and TSA

RIS is a Two-sided graph

Fig. 6. TSA bounding graph.



Y. Kong et al. Heliyon 9 (2023) e18591

boundaries after inclusion in Study 5, and a stable conclusion could be obtained in advance, although RIS was not reached. This result
further demonstrates the clinical effectiveness of TCM combined with RFA in treating PLC.

4. Discussion

RFA was a vital treatment for PLC. However, the high recurrence rate, liver damage, and other adverse effects of PLC led to a poor
patient prognosis [39]. TCM has been used clinically as an adjuvant treatment [40]. Several publications have reported that Chinese
medicine combined with RFA for PLC can benefit patients [41]. However, the exact efficacy has not been systematically and wholly
studied. In this meta-analysis, we selected 18 RCTs with a total of 1488 patients, according to the established criteria. The experimental
group (755 patients) was treated with TCM plus RFA and the control group (733 patients) was treated with RFA. Our findings revealed
that TCM combined with RFA for PLC significantly increased objective tumor response rates, reduced AFP levels, promoted the
restoration of immune function, and improved QOL.

Our study showed that TCM combined with RFA significantly increased ORR and decreased AFP compared to RFA alone. These
results were similar to those of the study by She et al. in which transcatheter arterial chemoembolization (TACE) combined with
strengthening Qi and eliminating pathogens improved ORR in patients with PLC [42]. The subgroup analysis by Ma et al. showed that
herbal medicine combined with RFA for hepatocellular carcinoma was effective in improving ORR in their study [41]. The ORR is a
surrogate indicator of survival and is often used clinically to assess short-term efficacy [43]. It has been suggested that AFP may be a
risk factor for tumor recurrence following RFA for liver cancer [44,45] and is mainly used to predict advanced disease and poor
prognosis [43]. Studies have shown that the improvement of AFP may reduce the recurrence of postoperative RFA [44,46].

The immune system plays an important role in regulating tumor growth and metastasis [47]. Peripheral blood T lymphocyte
subsets have become an important indicator for monitoring tumor progression and predicting outcome and prognosis in clinical
treatment [48]. A previous study showed that Chinese herbs can modulate the immune system by suppressing the inflammatory
response and enhancing immune function [49]. For example, the rebalancing of TGF-p/Smad?7 signaling in hepatic stellate cells using
bitter ginseng injection has a protective effect against liver fibrosis and hepatocarcinogenesis [50]. Additionally, ginger may inhibit
tumor growth by promoting mitochondrial biogenesis and T-cell function [51]. Our findings confirmed that TCM combined with RFA
significantly increased the percentage of CD3", CD4", and CD4+/CD8+ cells in the peripheral blood compared with RFA alone,
suggesting an improvement in the function of the immune system.

Liver function indicators were often used to evaluate the safety of drugs. They also played an important role in the treatment and
prognosis of the PLC [52]. Previous studies focused on adverse events and recurrence rates, lacking systematic summaries of liver
function and immune function indicators [41,46]. Our study added to the evidence, and the results showed that TCM combined with
RFA significantly improved ALT, AST, ALB, and TBIL levels, promoting the recovery of liver function. Furthermore, our study high-
lighted that TCM combined with RFA significantly improved the QOL of patients, which is an important secondary outcome measure.

We confirmed the positive effect of TCM on the ORR using TSA. Compared to previous studies, this study systematically evaluated
the efficacy of TCM plus RFA in the treatment of PLC, bridging the gap in the systematic evaluation of immune and liver function. This
study has several limitations. First, the participants in the included clinical studies were from China, which may have introduced
regional and cultural biases. Second, our results may be inherently biased because some of the included trials were not described for
randomization methods, allocation concealment, and blinding. Therefore, more high-quality randomized controlled clinical trials with
larger sample sizes and multiple centers were required to provide more evidence.

5. Conclusion

TCM combined with RFA for PLC can effectively reduce AFP, and improve clinical efficacy, immune function, liver function, as well
as QOL.
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