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Background: Non-small-cell lung cancer (NSCLC) is a leading cause of death. Interventions 

to reduce mortality in patients with NSCLC represent a patient-important field of research. 

Little is known about interventions used outside the Western world for NSCLC. One interven-

tion widely used in Asia is astragalus-based herbal preparations.

Methods: We conducted a comprehensive systematic review of all published randomized 

clinical trials (RCTs) evaluating astragalus-based herbal preparations in NSCLC patients. We 

searched independently, in duplicate, 6 English language electronic databases and 2 Chinese-

language databases. We abstracted data independently, in duplicate on studies reporting of 

methods, survival outcomes, tumor responses, and performance score responses. We applied a 

random-effects meta-analysis and report outcomes as relative risks (RR) with 95% confidence 

intervals (CIs).

Results: We included 65 RCTs enrolling 4751 patients. All trials included the herbal preparations 

plus platinum-based chemotherapy versus chemotherapy alone. We pooled 7 studies (n = 529) 

reporting on survival at 6 months and found a pooled RR of 0.54 (95% CI, 0.45 to 0.65, 

P  0.0001). We included 20 trials (n = 1520) on survival at 12 months and found a pooled 

RR of 0.65 (95% CI, 0.54 to 0.79, P  0.0001). This effect was consistent at 24 and 36 months. 

When we applied a composite endpoint of any tumor treatment response, we pooled data from 

57 trials and found a pooled RR of 1.35 in favor of herbal treatment (95% CI, 1.26 to 1.44, 

P  0.0001). Statistical heterogeneity was low across trials.

Limitations: The quality of reporting the RCTs was generally poor. There is also reason to 

believe that studies reported as randomized may not be.

Conclusions: We found a large treatment effect of adding astragalus-based herbal treatment 

to standard chemotherapy regimens. There is a pressing need for validation of these findings in 

well-conducted RCTs in a Western setting.
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Introduction
Lung cancer is the leading cause of cancer death worldwide.1,2 In the United States, 

lung cancer is the leading cause of death, where it is estimated that 219,440 new 

cases of lung and bronchus cancer will be diagnosed in 2009; leading to 159,390 

lung cancer-related deaths.3 Only 15% of all lung cancer patients are alive 5 years or 

more after diagnosis.3

The World Health Organization divides lung cancer into 2 major classes: non-

small-cell lung cancer (NSCLC) and small-cell lung cancer (SCLC). NSCLC accounts 
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for over 85% of all lung cancer cases, and it includes 2 major 

types: (1) non-squamous carcinoma (including adenocarci-

noma, large-cell carcinoma, other cell types) and (2) squa-

mous cell (epidermoid) carcinoma.4

The clinical guidelines for patients with NSCLC include 

combinations of cytotoxic chemotherapy and targeted 

biologic therapies, such as bevacizumab and erlotinib.4 

Unfortunately, these current treatments involve non-specific, 

non-selective cytotoxic chemotherapy, which results in only 

a modest increase in survival and causes significant toxicity 

to the patient.5 According to a meta-analysis of 33 Phase III 

randomized controlled trials (RCTs), platinum-based chemo-

therapy offers symptomatic relief and modest improvements 

in survival (rarely 2 months).6 Data from 3 RCTs showed 

that platinum-based chemotherapy provided a median sur-

vival time of approximately 7 to 10 months.7–9

In China, traditional Chinese medicines (TCM), which 

are herbal and/or animal/insect-based combinations, are 

frequently combined with chemotherapy for the treatment of 

cancer.10 One commonly used herbal compound, astragalus, 

appears to have a number of immunomodulatory proper-

ties.11–13 Astragalus appears to have antitumor activity where 

its potentiates LAK cell activity in vitro when used in com-

bination with IL-214. Astragalus appears to restore in vitro 

T-cell function, which is suppressed in cancer patients.15 

A meta-analysis of 34 RCTs found that Chinese medicines 

containing the herb astragalus (Astragalus membranaceus) 

may increase effectiveness of platinum-based chemotherapy 

when combined with chemotherapy.16 When compared to 

chemotherapy alone, astragalus-based Chinese medicines 

reduced risk of death at 12 months (risk ratio [RR] = 0.67; 

95% confidence interval [CI], 0.52 to 0.87), improved tumor 

response data (RR = 1.34; 95% CI, 1.24 to 1.46), reduced 

risk of death at 24 months (RR = 0.58; 95% CI, 0.49 to 0.68), 

increased tumor response (RR = 1.76; 95% CI, 1.23 to 2.53) 

and stabilized or improved Karnofsky performance status 

(RR = 1.28; 95% confidence interval [CI], 1.12 to 1.46).16

There are a large number of published RCTs on 

astragalus-based Chinese medicines combined with plati-

num-based chemotherapy.16 Although a meta-analysis was 

conducted on NSCLC treatments using astragalus-based 

Chinese medicines along with platinum-based chemo-

therapy,16 this study did not included Chinese language 

studies in its search strategy. In a previous meta-analysis 

on TCM treatments for hepatocellular carcinoma, 44/45 

RCTs extracted were in Chinese compared to 1/45 RCTs 

in English; thereby illustrating the importance of including 

Chinese manuscripts in the analysis.10

Our objective is to systematically review the scientific 

literature for RCTs on astragalus-based Chinese medi-

cines combined with platinum-based chemotherapy and to 

meta-analyze the pooled data from these RCTs. Should the 

results be favorable, astragalus-chemotherapy combination 

treatment may provide an important step forward for new 

interventions for patients with NSCLC.

Methods
Study inclusion criteria
We included any study that randomized patients with 

advanced NSCLC, provided the treatment group with 

Chinese herbal medicines containing the herb astragalus in 

combination with standard platinum-based chemotherapy, 

provided the control group with platinum-based chemother-

apy alone, and reported data on at least one of our outcomes 

of interest (survival, tumor response, or performance status) 

with sufficient detail to permit calculation of the risk ratios 

of each outcome. We excluded pharmacokinetic studies and 

non-randomized trials. We excluded studies that reported 

only laboratory values rather than clinical responses. We also 

excluded direct comparisons of TCM formulations.

Search strategy
PW and EM worked independently, in duplicate, search-

ing the following English electronic databases: MEDLINE 

(1966 to June 2009), AMED (1985 to June 2009), Alt Health 

Watch (1995 to June 2009), CINAHL (1982 to June 2009), 

Nursing and Allied Health Collection: Basic (1985 to June 

2009), Cochrane Database of Systematic Reviews (2008). 

In addition, PW and YL, both fluent in Mandarin and Can-

tonese, searched the Chinese databases CNKI (1979 to June 

2009) and Wan Fang (1994 to June 2009) independently. 

No language restrictions were placed on the searches.

Three reviewers (PW, EM and YL) assessed eligibility 

based on the full text papers and conducted data extrac-

tion, independently, using a standard pre-piloted form. 

Disagreements were resolved by consensus or by a third 

reviewer. If the required information was not available in 

the published article, we obtained additional information 

in correspondence with the authors. We included all evalu-

ated outcome measures including: survival at 6, 12, 24, and 

36 months, disease stage, Karnofsky performace (KP), and 

the response evaluation criteria in solid tumors (RECIST). 

The response is categorized as complete response (CR), 

partial response (PR) outcomes, stable disease (SD), pro-

gressive disease (PD) and as CR + PR as a composite for 

response rate.
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In addition, we extracted data on trial quality, protocol, 

and outcomes assessed. We assessed quality through the 

reporting of the following criteria: sequence generation and 

allocation concealment. We also noted the language in which 

the paper was written and the setting the studies were con-

ducted. These criteria were not used for weighting covariates 

in the meta-analysis; instead, these were considered a priori 

explanations for study heterogeneity.

All inclusion and exclusion criteria and the categorization 

of outcomes were made before any meta-analysis of the data. 

Our decision to group together for this meta-analysis those 

studies using platinum-based chemotherapy was based on 

the fact that this therapy is currently a standard treatment for 

advanced NSCLC. Following the example set by D’Addario 

et al17 and the Cochrane Collaboration’s Non–Small-Cell 

Lung Cancer Collaborative Group,18 platinum-based 

Potentially relevant RCTs
(n = 1484)

Abstracts excluded as
irrelevant (n = 1320)

Full text paper obtained
for further review
(n = 164)

99 studies further excluded:

•

•

•

•

•

•
•

No astragalus involved in TCM
treatment (n = 54)

Not all subjects received
astragalus-based TCM (n = 8)

No platinum included in the 
chemotherapy or chemotherapy
combined with radiotherapy
(n = 10)

No usable endpoints were
included (n = 16)

Not a controlled trial (n = 3)

Duplicated study (n = 4)

Not all subjects suffered from
NSCLC (n = 4)

Studies included in final
meta-analysis
(n = 65)

Figure 1 Flow diagram of included studies.
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chemotherapy was grouped together as a therapeutic class 

when assessing efficacy of treatment for NSCLC. Each stage 

of the planning, design, analysis, and reporting of this meta-

analysis was conducted in accordance with the QUOROM 

Statement guidelines.19

Analysis of outcomes
Survival
Given that all of the studies identified in our systematic search 

reported crude survival data as the number of patients in each 

treatment group who died by 6, 12, 24, or 36 months, we 

calculated the probability of failure (death) as the number of 

patients who had died by each time point divided by the total 

number of patients enrolled at the start of the trial for each 

treatment group. This approach is intentionally conservative: 

if some patients dropped out of the study, retaining them in 

the denominator as we have done would lower the estimate 

of effectiveness. This is analogous to an intention-to-treat 

analysis.20 The risk ratios of treatment failure (death) at 

each time point was calculated as the proportion who died 

in the astragalus-based herbal medicine plus platinum-based 

chemotherapy treatment group, compared to the proportion 

in the platinum-based chemotherapy group. Thus, RR less 

than 1 favors the combination regimen.

Objective tumor response
Given that most of the studies identified in our systematic 

search reported tumor response at conclusion of treat-

ment using RECIST,21 we calculated the probability of 

tumor response as the number of patients experiencing any 

response (complete response plus partial response) divided 

by the total number of patients in each treatment group 

(complete response plus partial response plus no change plus 

progressive disease). The RR of tumor response was calcu-

lated as the probability of tumor response in the astragalus-

based herbal medicine plus platinum-based chemotherapy 

treatment group, divided by this proportion in the platinum-

based chemotherapy group. Thus, RR more than 1 favors the 

combination regimen. This is the approach for meta-analysis 

of tumor response recommended by Sutton et al.22

Performance status
Many of the studies identified in our systematic search 

reported performance status using the Karnofsky perfor-

mance scale,23 with most using a 10-point change as the 

cutoff for improved or worse performance status, and a few 

others using a 20-point change as the cutoff. We therefore 

calculated the probability of improved or stable performance 

status as the proportion of improved or stable performance 

status: (10-point increase plus no change) divided by the 

total (10-point increase, plus no change, plus 10-point 

decrease). The RR of improved or stable performance status 

was calculated as the proportion of improved or stable per-

formance status in the astragalus-based herbal medicine plus 

platinum-based chemotherapy treatment group, divided by 

this proportion in the platinum-based chemotherapy group. 

Thus, RR more than 1 favors the combination regimen.

Analysis
We used the random-effects model of DerSimonian and 

Laird24 to estimate the summary RR for each of the four 

outcomes: risk of death (at 6, 12, 24, and 36 months), tumor 

response, performance status, and severe chemotherapy 

toxicity. We used the I2 statistic to assess between-study 

heterogeneity and interpreted the outcome as 50% as non-

problematic heterogeneity. To assess publication bias, we 

used the Begg-Mazumdar test, which examines the associa-

tion between the effect estimates of individual studies and 

their variances; significant correlation between these two 

factors identifies publication bias.25

We applied the RR and 95% CI as our primary effect 

measure in this analysis. For analysis examining response, 

favorable results for the TCM intervention are in the direction 

greater than 1. In circumstances of zero outcome events in 

either arm of a trial, we used the Haldane method and added 1 

to each arm, as suggested by Sheehe.26 We first pooled studies 

on all interventions versus all controls using the DerSimo-

nian-Laird random effects method.27 This method recognizes 

and anchors studies as a sample of all potential studies, and 

incorporates an additional between-study component to 

the estimate of variability. We calculated the I2 statistic for 

each analysis as a measure of the proportion of the overall 

variation that is attributable to between-study heterogeneity.28 

Forest plots are displayed for the primary analysis, show-

ing individual study effect measures with 95% CIs and the 

overall DerSimmonian-Laird pooled estimate. We conducted 

a meta-regression analysis using the unrestricted maximum 

likelihood method to determine if the a priori covariates of 

TCM formulation yielded differing effects. We examined 

publication bias visually and through the Begg-Mazumdar 

tests. We calculated the optimal information size (OIS) 

required to determine adequate power across trials. We used 

Stats Direct and Comprehensive Meta-Analysis (Version 2) 

for all statistical procedures. All P values are 2-sided and 

a P value  0.05 was considered significant. PW and EM 

conducted the analysis.
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Results
Included studies
Our systematic search identified 1484 potentially relevant 

abstracts, of which 164 were identified as requiring full-text 

article retrieval (Figure 1). Close screening of these 221 

studies identified 65 studies that met our inclusion criteria, 

containing a total of 4751 patients. Most studies were small 

(median 67, interquartile range 56 to 83). Studies poorly 

reported methodological issues including sequence generation 

(25%), allocation concealment (3%), and reporting of adverse 

events (67%). Table 1 provides the study characteristics.

Survival
We pooled 7 studies29–35 (n = 529) reporting on survival at 

6 months and found a pooled RR of 0.54 (95% CI, 0.45 to 

0.65, P  0.0001, I2 = 0%, 95% CI, 0% to 58%, P = 0.74, 

see Figure 2). We included 20 trials30–49 (n = 1520) in our 

analysis of survival at 12 months and found a pooled RR 

of 0.65 (95% CI, 0.54 to 0.79, P  0.0001, I2 = 74%, 95% 

CI, 57% to 82%, P  0.0001, see Figure 3). As 12-month 

survival was our primary outcome, we applied the publica-

tion bias assessment and found no evidence of publica-

tion bias (Kendall’s tau = –0.157, P = 0.31). We included 

13 trials32,34,35,40–49 (n = 1090) with survival rates reported at 

24 months and found a pooled RR of 0.74 (95% CI, 0.66 to 

0.84, P  0.0001, I2 = 64%, 23% to 78%, P = 0.0008, see 

Figure 4). We included data from 10 trials35,40–46,48,49 (n = 878) 

reporting on survival at 36 months and found a pooled RR 

of 0.86 (95% CI, 0.80–0.92, P  0.0001, I2 = 29%, 95% CI, 

0% to 65%, P = 0.17, see Figure 5).

Tumor response
We were able to include data from 27 trials37,39–43,50–70 (n = 1759) 

reporting on complete responses to treatment and found a 

pooled RR of 1.43 in the direction of favorable outcomes for 

herbal-based treatment (95% CI, 0.98 to 2.10, P = 0.07, I2 = 0%, 

95% CI, 0% to 42%, P  0.99). The same 27 trials reported on 

partial response to treatment and found a pooled RR of 1.35 

favoring herbal treatment (95% CI, 1.19 to 1.53, P  0.0001, 

I2 = 0%, 95% CI, 0% to 38%, P = 0.99). When we applied a 

composite endpoint of any treatment response we pooled data 

from 57 trials30,32–35,37,39–45,48–50,87–90 and found a pooled RR of 1.35 

in favor of herbal treatment (95% CI, 1.26 to 1.44, P  0.0001, 

I2 = 0%, 0% to 28%, P = 0.99, see Figure 6).

Performance status
We included data from 35 trials35,37,43,48–53,55,56,58–64,66–72, 

77,80,84,85,87,88,91–94 (n = 2650) assessing stable or improved 

Karnofsky scores and found a pooled RR of 1.58 (95%, 1.39 

to 1.81, P  0.0001, I2 = 69%, 55% to 78%, P  0.0001, 

see Figure 7).

Discussion
Our findings should be of interest to cancer researchers and 

funding agencies. We found consistent evidence of improved 

survival and tumor response in astragalus-based herbal medi-

cine therapy combined with platinum-based chemotherapy 

compared with platinum-based chemotherapy alone, the 

standard of care. While there is reason to be cautious of 

the quality of the included clinical trials, due to their small 

sample sizes and inadequate reporting of methodological 

issues, there has been a consistent direction of treatment 

effect that warrants further examination by experienced 

clinical trialists in a transparent manner.

Our study has both strengths and limitations to consider. 

Strengths include our extensive searching and identifica-

tion of Chinese clinical trials that few systematic review 

groups may be able to accomplish. Our analysis used a 

broad approach that considered all astragalus containing 

herbal combinations as comparatively similar, thus allow-

ing much greater power to detect an effect over a single 

trial. It is possible that specific combination exert a differ-

ing therapeutic effect; however we were unable to identify 

such specific formulations. The limitations of our study are 

predominantly related to the need for caution in interpreting 

the clinical trials. There is consistent evidence that publica-

tion bias may exist in Chinese medical journals and thus, 

only positive trials are published.95 Although we recognize 

favorable outcomes may be more likely to be published, 

our analysis actually does not find that only positive trials 

are published. If one examines the forest plots, on average, 

most trial are negative, but when pooled, become positive. 

A recent evaluation, by Wu et al, found that many studies 

labelled as RCTs with Chinese journals were, in fact, not 

randomized.96 In our own experience, we recognize many 

Chinese clinical trialists have not been exposed to appropri-

ate clinical epidemiology training. Yet even if our analysis 

includes predominantly non-randomized studies, the con-

sistency of therapeutic effect warrants further examination. 

Other systematic reviews of published studies from Chinese 

journals have identified specific journals with better study 

quality, and also found trends in improvement of study 

quality over time.97 We assessed publication bias in our 

primary outcome (survival at 12 months) and did not find 

statistical evidence of bias, although funnel plots and sta-

tistical tests cannot identify the absence of publication bias. 
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Relative risk meta-analysis plot (random effects)

0.2 0.5 1 2 5

Liu35 0.46 (0.31, 0.67)

Liu34 1.08 (0.40, 3.12)

Sui33 0.52 (0.32, 0.79)

Chen32 0.57 (0.25, 1.25)

Wang31 0.51 (0.34, 0.69)

Weng30 0.53 (0.24, 1.12)

Wang44 0.69 (0.43, 1.11)

Combined [random] 0.54 (0.45, 0.65)

Relative risk (95% confidence interval)

Figure 2 Six-month survival with astragalus-based herbs and platinum-based chemotherapy versus platinum-based chemotherapy alone.

Relative risk meta-analysis plot (random effects)
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Liu35 0.46 (0.31, 0.67)

Liu34 2.04 (0.84, 5.45)

Zou49 0.62 (0.41, 0.86)

Liu48 1.00 (0.66, 1.52)

Yu47 0.31 (0.14, 0.62)

Jin46 0.21 (0.09, 0.42)

Zhou45 0.72 (0.45, 1.15)

Sui33 0.52 (0.32, 0.79)

Chen32 0.95 (0.44, 2.07)

Wang31 0.90 (0.71, 1.11)

Weng30 0.90 (0.70, 1.21)

Wang44 0.36 (0.24, 0.50)

Luo43 0.83 (0.60, 1.17)

Lu42 0.32 (0.14, 0.69)

Shen41 0.57 (0.37, 0.85)

Wang40 0.79 (0.32, 1.93)

Zhang91 0.73 (0.40, 1.31)

Hong38 0.91 (0.57, 1.42)

Xue37 0.63 (0.39, 0.96)

Shen36 0.76 (0.52, 1.08)

Combined [random] 0.65 (0.54, 0.79)

Relative risk (95% confidence interval)

Figure 3 Twelve-month survival with astragalus-based herbs and platinum-based chemotherapy versus platinum-based chemotherapy alone.
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Relative risk meta-analysis plot (random effects)
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Yu47 0.66 (0.46, 0.92)

Jin46 0.49 (0.32, 0.69)

Zhou45 0.86 (0.64, 1.14)

Chen32 0.91 (0.69, 1.14)

Wang44 0.85 (0.63, 1.13)

Luo43 0.86 (0.70, 1.07)

Lu42 0.62 (0.42, 0.88)

Shen41 0.80 (0.62, 1.00)

Wang40 0.69 (0.36, 1.29)

Combined [random] 0.74 (0.66, 0.84)

Relative risk (95% confidence interval)

Figure 4 Twenty-four-month survival with astragalus-based herbs and platinum-based chemotherapy versus platinum-based chemotherapy alone.

Relative risk meta-analysis plot (random effects)
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Zhou45 0.93 (0.73, 1.15)

Wang44 0.91 (0.72, 1.14)

Luo43 0.92 (0.78, 1.08)

Lu42 0.76 (0.59, 0.95)

Shen41 0.90 (0.76, 1.06)

Wang40 0.75 (0.48, 1.14)

Combined [random] 0.86 (0.80, 0.92)

Relative risk (95% confidence interval)

Figure 5 Thirty-six-month survival with astragalus-based herbs and platinum-based chemotherapy versus platinum-based chemotherapy alone.
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Figure 6 Tumor response with astragalus-based herbs and platinum-based chemotherapy versus platinum-based chemotherapy alone.
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Figure 7 Stable/improved Karnofsky performance status with astragalus-based herbs and platinum-based chemotherapy versus platinum-based chemotherapy alone.

The reporting of quality features including how trials were 

randomized and how allocation concealment was achieved 

adds further caution to our study interpretation. While the 

inadequate reporting of these items is undesirable, there is, 

as yet, conflicting evidence that the reporting of these issues 

affects the magnitude of treatment effect.98–100

Given the consistency of treatment effect, large number 

of trials, importance of the disease and the caution about 

study quality it seems only reasonable that a clinical trial 

should be conducted in a Western setting that can ensure 

adequate sample size and concealed allocation to study 

arms. Such a clinical trial would provide strong inferences 

into the believability of our meta-analysis findings and could 

massively impact drug development. However, until a trial 

is conducted, we recommend counseling interested patients 

to maintain cautious optimism on any treatment effect and 
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discuss with their oncology physician about potential costs 

and harms.

Our study builds on an existing collaboration between 

researchers in China and in North America. We recognize 

that important and effective drugs have been discovered by 

examining the Chinese medical literature for existing clinical 

trials. Artemisin-based therapy for malaria and oseltamivir 

(Tamiflu®) for influenza are two compelling examples.101,102 

We have previously used this approach for examining poten-

tially effective interventions for hepatocellular cancers and 

found evidence of existing interventions that have never 

been evaluated in the West, despite compelling evidence 

of effectiveness. We believe that this approach represents a 

low-cost approach to identifying potentially effective new 

opportunities for drug development.

Additional research is needed to further understand 

the specific immunologic and cytotoxic mechanisms that 

astragalus may affect as an adjunct to chemotherapy for the 

treatment of advanced NSCLC.
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