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This meta analysis evaluated the comparative safety and efficacy for the addition of
Astragalus-based Chinese medicines combined with chemotherapy and chemotherapy
alone for colorectal cancer (CRC) treatment. Systematic literature search was performed
by PubMed, EMBSAE, Ovid, Web of Science, Cochrane Library, Chinese Science
and Technology Journals (CQVIP), China Academic Journals (CNKI), and Chinese
Biomedical Literature database. A total of 22 studies which reported on 1,409 subjects
were identified. This meta-analysis indicated that the combination of Astragalus-based
Chinese medicines and chemotherapy may increase the efficiency of tumor response
rate (TRR) for the treatment of CRC patients (RR: 1.52; 95% CI: 1.24-1.87; p < 0.0001),
improve their life quality based on KPS (RR: 2.51; 95% CI: 1.85-3.42; p < 0.00001 and
WMD: 10.96; 95% Cl: 9.45-12.47; p < 0.00001), and reduce the adverse reactions,
including neutropenia (RR: 0.52; 95% Cl: 0.44-0.62; p < 0.00001), anemia (RR: 0.49;
95% Cl: 0.34-0.70; p < 0.0001), thrombocytopenia (RR: 0.59; 95% ClI: 0.46-0.77;
p = 0.0001), nausea and vomiting (RR: 0.56; 95% Cl: 0.46-0.68; p < 0.00001), diarrhea
(RR: 0.55; 95% CI: 0.40-0.75; p = 0.0001), and neurotoxicity (RR: 0.56; 95% CI:
0.49-0.65; p < 0.00001). Hepatic dysfunction (RR: 0.76; 95% Cl: 0.53-1.09; p = 0.13)
and renal dysfunction (RR: 0.95; 95% CI: 0.51-1.76; p =0.87) were similar between two

Frontiers in Oncology | www.frontiersin.org

1 August 2019 | Volume 9 | Article 749


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2019.00749
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2019.00749&domain=pdf&date_stamp=2019-08-13
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:xbs@hznu.edu.cn
mailto:qbwu@must.edu.mo
mailto:hzzju@zju.edu.cn
https://doi.org/10.3389/fonc.2019.00749
https://www.frontiersin.org/articles/10.3389/fonc.2019.00749/full
http://loop.frontiersin.org/people/616573/overview

Lin et al.

Efficacy and Safety to Tumor Response

groups. The results showed that Astragalus-based Chinese medicines combined with
chemotherapy in the treatment of CRC may increase the efficiency of TRR, reduce
chemotherapeutic agents-associated adverse reactions, and improve their life quality
when compared with chemotherapy alone, but further randomized studies are warranted.

Keywords: Astragalus, chemotherapy, colorectal cancer, Traditional Chinese Medicine, meta-analysis

INTRODUCTION

Colorectal cancer (CRC) is still one of the most common
malignancies, which ranks the third most common cancer and
the second most often causes of cancer-related death around the
world (1). During recent years, a lot of progress has been made in
the treatment of CRC because of a better understanding about
this disease and the more precise treatment of new diagnostic
biomarkers and clinical drugs (2). However, challenges remain
that require the continued search for novel effective and less toxic
chemotherapeutic agents for the treatment of CRC.

Traditional Chinese Medicine (TCM) is the most common
complementary therapy for cancer treatment and it has been
shown to enhance the efficacy and reduce the side effects of
anticancer strategies (3, 4). In the past few years, Chinese herbs
with anticancer activity have gained more and more attention due
to their favorable safety and efficacy profiles. However, there are
only a limited number of well-controlled preclinical and clinical
studies documenting the potential benefit of those herbs.

A meta-analysis from Wang et al. evaluated the efficiency of
Astragalus-based Chinese medicines combined with platinum-
based chemotherapy for the patients with non-small-cell lung
cancer (NSCLC) (5). Their results showed that Astragalus-
containing Chinese herbal formulae plus platinum-based
chemotherapy was more effective than platinum-based
chemotherapy alone in patients with NSCLC (5). Cao et al.
found that a combination of Astragalus-based Chinese medicines
and platinum-based chemotherapy might improved the efficacy
for treating NSCLC patients, when compared with platinum-
based chemotherapy alone (6). In addition to Astragalus, several
other preparations from TCM were also demonstrated to have
a favorable outcome for NSCLC patients (7-9). However, the
effect of Astragalus-based Chinese medicines on CRC treatment
is still unknown.

To identify whether the combination of Astragalus-based
Chinese medicines and chemotherapy was associated with
elevated TRRs in clinical treatment of CRC, we performed a meta
analysis of Astragalus-based Chinese medicines combined with
chemotherapeutic agents in the treatment of patients with CRC
in order to make a further clinical investigations regarding their
effects on safety and efficacy.

MATERIALS AND METHODS

Study Selection
The PubMed, EMBASE, Ovid, Web of Science, Cochrane Library,
Chinese Science and Technology Journals (CQVIP), China

Academic Journals (CNKI), and Chinese Biomedical Literature
database were searched systematically for all articles published
before August 2018 to compare Astragalus-based product and
chemotherapy, or with chemotherapy alone in the treatment
of CRC. The terms used for the search were: “Astragalus OR
Chinese herb OR Traditional medicine” and “Colon cancer OR
Rectal cancer OR Colorectal cancer.” No restriction on language
or publication status was applied.

Test interventions were Astragalus in any form, including
extracts, by any administration route. All participants had been
diagnosed based on pathology results with CRC.

All retrieved articles listed in references were manually
searched for additional studies. Data extraction and risk of bias
assessments from each study were conducted and discussed by
two reviewers (Shuang lin and Xinbing Sui) independently.

Criteria for Inclusion and Exclusion

For inclusion of the meta-analysis, the following criteria was
performed: the outcomes of chemotherapy with or without
Astragalus-based herbal therapy for CRC treatment were
analyzed (10); at least one of the outcomes was reported (11);
and check whether dual or multiple studies were reported
by the same institution and/or authors, either the one of
higher quality or the most recent publication was included in
the analysis (12).

Non-randomized control trials, letters, editorials, abstracts
and expert opinions, reviews without original data were excluded.
Those studies or case reports lacking control groups were
excluded. The studies or data were also excluded when: it was
impossible to extract the appropriate data from the published
results; the outcomes and parameters of patients were not clearly
reported [e.g., with no clearly reported outcomes or standard
deviations (SD)]; or there was overlap between authors or centers
in the published literature.

Outcomes of Interest

The primary clinical outcome was tumor response rate (TRR);
the secondary outcomes were quality of life (QOL) and drug
toxic effects (DTE), including the blood system (neutropenia,
anemia, and thrombocytopenia), hepatic and renal dysfunction,
and nausea and vomiting, diarrhea and neurotoxicity.

Tumor response criteria were complete response (CR), partial
response (PR), stable disease (SD), and progressive disease (PD).
CR plus PR were included in data pooling as TRR. QOL was
considered to be improved when KPS score was ten points higher
after being treated. DTE was graded from 0 to 4 according to
Recommendations for Grading of Acute and Subacute Toxicity.
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FIGURE 1 | Flow diagram indicating the process of selecting articles for meta-analysis.

Data Extraction

The following parameters from each study were extracted by
two reviewers (Shuang lin and Xinbing Sui) independently:
number of subjects operated on with each group and lastly;
study population characteristics; clinical outcome; first author
and year of publication. Quality estimation was performed by
the Jadad scale. Articles with more than 3 scores were defined
as high-quality.

Statistical Analysis

The meta-analyses were performed by the Review Manager
(RevMan) software, version 5.3. The dichotomous variables
were assessed by relative ratios (RR) with a 95% confidence
interval (95% CI) and continuous variables were analyzed
with weighted mean difference (WMD) with a 95% CI. The
pooled effect was estimated by either the random or fixed
effects model. Heterogeneity of treatment effects across studies
was assessed using I2. An I> > 50% suggests there is high
heterogeneity between the studies analyzed. P < 0.05 was
considered significant. When the same outcome was reported
by more than five studies, publication bias was assessed with a
funnel plot.

RESULTS

A total of 22 relevant studies (10-31) were identified after
the initial search (Figure 1). All 22 studies were randomized
controlled trials, and their characteristics are summarized in
Table 1. Sample sizes ranged from 32 to 132, and the total
number was 1,409, with 713 in the test groups and 696 in
the controls. All 22 studies were conducted in China. Thirteen
studies used the oral TCM, two studies used external TCM, and

seven studies employed commercially available TCM injections.
Five clinical trials were designed to use Astragalus alone
combined with chemotherapy; the other 17 were designed to use
TCM containing Astragalus as the principal drug together with
chemotherapy. The quantitative 5-point Jadad scale was used to
estimate the quality of the included trials.

Meta-Analysis of Tumor Response Rate
(TRR)

Meta-analyses of TRR were performed for the following groups:
Total group (eight studies), Oral administration group (four
studies), Injection group (four studies), and High-quality Study
(three studies).

Total Group

TRR was extracted from eight studies. Using a fixed-effects
model, meta-analysis suggested that TRR data significant in
favored the combination of an Astragalus-based herbal formulae
and chemotherapy over chemotherapy alone (RR: 1.52; 95% CI:
1.24-1.87; p < 0.0001, I, = 0%) (Figure 2).

Oral Administration Group

In four studies, Astragalus-based products were administered
orally as tablets, capsules, or decoctions. The pooled TRR
showed a significant improvement in Astragalus-based medicines
combined with chemotherapy compared to chemotherapy alone
(RR: 1.52; 95% CI: 1.12-2.08; p = 0.008, I, = 0%) (Figure 2).

Injection Administration Group

Four different injection medicines were tested in four studies.
There were significant improvements for TRR, when compared
to their controls (RR: 1.52; 95% CI: 1.16-1.99; p = 0.002, I, =
0%) (Figure 2).
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TABLE 1 | Study characteristics for the included studies.

References TNM stage (patients) Sample size (T/C n) Study arm Drug delivery TRR (T/Cn) KPS (T/C n) Jadad score

Lou et al. (10) Advanced stage 132 (75/57) (Ox+CF+5-Fu plus Astragalus +Medlar) vs.  Orally NR NR 2
(Ox+CF +5-Fu)

Geetal (11) \Y 60 (30/30) (Ox+CF+5-Fu plus Astragalus-based Orally 22/11 28/7
formulae) vs. (Ox+CF +5-Fu)

Tang et al. (12) I/ 51 (25/26) (Ox+CF+5-Fu plus Astragalus-based Orally NR Reported
formulae) vs. (Ox+CF+5-Fu)

Wang et al. (27) 1\ 40 (20/20) (Ox+Xe plus Astragalus-based formulae) vs.  Orally 6/3 Reported
(Ox+Xe)

Shen and Cao (26)  Advanced stage 42 (21/21) (Ox+CF+5-Fu plus Astragalus-based Orally 8/6 NR
formulae) vs. (Ox+CF+5-Fu)

Li et al. (20) /v 46 (23/23) (CPT-11+CF+5-Fu plus Astragalus-based Orally NR 8/3
formulae) vs. (CPT-11+CF+5-Fu)

Xie et al. (29) 117\ 60 (30/30) (Ox+CF+5-Fu plus Astragalus+IL-2) vs. Injection 20/11 23/12
(Ox+CF+5-Fu)

Zhang et al. (30) /11 64 (32/32) (Ox+CF+5-Fu plus Astragalus-based Orally NR NR
formulae) vs. (Ox+CF+5-Fu)

Li and Xu (18) (1Al 80 (40/40) (Ox+CF+5-Fu plus Astragalus-based Orally NR NR
formulae) vs. (Ox+CF+5-Fu)

Wang (28) Advanced stage 60 (30/30) (Ox+CF+5-Fu plus Astragalus-based External NR NR
formulae) vs. (Ox+CF+5-Fu)

Qin et al. (23) 117\ 41 (21/20) (Ox+CF+5-Fu plus Astragalus-based Orally NR 11/5
formulae) vs. (Ox+CF+5-Fu)

Chen et al. (16) Advanced stage 93 (47/46) (Ox+RA plus Astragalus) vs. (Ox+RA) Injection 22/18 NR

Lietal (19) Advanced stage 60 (30/30) (Ox+CF+5-Fu plus Astragalus-based Orally NR NR
formulae) vs. (Ox+CF+-5-Fu)

Cao (14) Advanced stage 49 (25/24) (Ox4-CF+5-Fu plus Astragalus-based Orally NR NR
formulae) vs. (Ox+CF+5-Fu)

Zhu (31) /NAv 60 (30/30) (Ox+CF+5-Fu plus Astragalus) vs. Injection NR Reported
(Ox+CF+5-Fu)

Luo (22) /v 60 (30/30) (Ox4+CF+5-Fu plus Astragalus) vs. Injection 26/14 Reported
(Ox4+CF+5-Fu)

Rong et al. (25) Il 124 (60/64) (Ox+CF+5-Fu plus Astragalus) vs. Injection NR NR
(Ox+CF+5-Fu)

Qiu (24) I\ 43 (22/21) (Ox+CF+5-Fu plus Astragalus-based Injection 10/9 11/5
formulae) vs. (Ox+CF+5-Fu)

Liu et al. (21) \% 32 (16/16) (Ox+CF+5-Fu plus Astragalus-based Orally NR 9/3
formulae) vs. (Ox+CF+5-Fu)

Cao et al. (13) I\ 120 (60/60) (Ox+CF+5-Fu plus Astragalus-based Orally 25/20 NR
formulae) vs. (Ox+CF+5-Fu)

Huang et al. (17) Advanced stage 32 (16/16) (Ox+CF+5-Fu plus Astragalus-based External NR NR
formulae) vs. (Ox+CF+5-Fu)

Chen et al. (15) Advanced stage 60 (30/30) (Ox+CF+5-Fu plus Astragalus) vs. Injection 12/10 Reported

(Ox+CF+5-Fu)

Study quality was listed using the results of the Jadad scale; NR, not reported; T, test; C, control; Ox, Oxaliplatin;, CF, Calcium folinate; 5-Fu, 5-fluorouracil; CPT-11, Irinotecan; Xe,

Xeloda; RA, Raltitrexed.

High-Quality Study
In three high-quality studies, analysis of the pooled data showed a
significant improvement in Astragalus-based product combined
with chemotherapy group (RR: 1.49; 95% CI: 1.08-2.05; p = 0.02,
I, = 0%) (Figure 2). The incidence of TRR was significantly
higher in Astragalus-based product and chemotherapy group
than in chemotherapy alone group.

In general, Astragalus-based product combined with
chemotherapy in the treatment of CRC can significantly increase
the efficiency of TRR when compared with chemotherapy alone.

Meta-Analysis of Karnofsky Performance

Status (KPS)

The QOL changes on KPS were reported as two types of data
in the included studies, the number of patients who reported
the improved or stable performance status based on KPS (ten-
point cutoff) and the mean £ SD of KPS before and after
treatment. Six trials evaluated the number of improved patients
based on KPS (RR: 2.51; 95% CI: 1.85-3.42; p < 0.00001, I, =
0%) (Figure 3); and other six studies reported the mean £ SD of
KPS (WMD: 10.96; 95% CI: 9.45-12.47; p < 0.00001, I, = 48%)
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Test for overall effect: Z=6.17 (P < 0.00001)
Test for subaroun differences: Chi*=0.02. df=3{(P=1.000. F=0%

Treatment Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H., Fixed, 95% CI
1.2.1 Tumor Response Rate (Total Group)
02 Ge etal (2018) 22 30 1" 30 53% 2.00[1.19, 3.36] =
04 Wang et al (2016) 6 20 3 20 1.5% 2.00([0.58,6.91) ]
05 Shen et al (2016) 8 21 6 21 2.9% 1.33[0.56,3.18] N
07 Xie et al (2016) 20 30 11 29 54% 1.76 [1.03, 2.99] [~
16 Luo etal (2012) 26 30 14 30 6.8% 1.86[1.24, 2.79) =
18 Qiu etal (2011) 10 22 9 21 45% 1.06 [0.54, 2.08] =
20 Caoetal (2011) 25 60 20 B0 9.7% 1.25(0.78, 1.99] ™
22 Chen et al (2009) 12 30 10 30 49% 1.20 [0.61, 2.34] S
Subtotal (95% CI) 243 241 41.0%  1.52[1.24,1.87] L 2
Total events 129 84
Heterogeneity. Chi*= 4.82, df=7 (P=0.68), F=0%
Test for overall effect: Z= 4.02 (P < 0.0001)
1.2.2 Tumor Response Rate (Oral Administration Group)
02 Ge etal (2018) 22 30 11 30 53% 2.00([1.19, 3.36) —
04 Wang et al (2016) 6 20 3 20 1.5% 2.00([0.58,6.91) ]
05 Shen et al (2016) 8 21 6 21 2.9% 1.33[0.56, 3.18) ]
20 Caoetal (2011) 25 60 20 60 9.7% 1.25(0.78, 1.99] T
Subtotal (95% CI) 131 131 194% 1.52[1.12,2.08] <
Total events 61 40
Heterogeneity: Chi*= 2.03,df=3 (P=0.57), F=0%
Test for overall effect: Z= 2.65 (P = 0.008)
1.2.3 Tumor Response Rate (Injection Administration Group)
07 Xie et al (2016) 20 30 11 289 54% 1.76[1.03, 2.99] T
16 Luo etal (2012) 26 30 14 30 6.8% 1.86[1.24, 2.79) -
18 Qiu etal (2011) 10 22 9 21 45% 1.06 [0.54, 2.08] A
22 Chen et al (2009) 12 30 10 30 49% 1.20[0.61, 2.34) .
Subtotal (95% CI) 112 110 21.6% 1.52[1.16, 1.99] <
Total events 68 44
Heterogeneity: Chi*= 2.80,df=3 (P=0.42), F=0%
Test for overall effect: Z= 3.04 (P =0.002)
1.2.4 Tumor Response Rate (High-quality Study)
02 Ge etal (2018) 22 30 1" 30 53% 2.00[1.19, 3.36] —
05 Shen et al (2016) 8 21 6 21 2.9% 1.33[0.56, 3.18) N
20 Caoetal (2011) 25 60 20 60 9.7% 1.25(0.78, 1.99] N =
Subtotal (95% CI) 11 111 18.0%  1.49[1.08, 2.05] <&
Total events 55 37
Heterogeneity: Chi*=1.85, df=2 (P=0.40), F=0%
Test for overall effect: Z= 2.42 (P=0.02)
Total (95% CI) 597 593 100.0%  1.52[1.33,1.73] L
Total events 313 205 . . . .
Heterogeneity. Chi*=11.52, df=18 (P=0.87); F=0% '0.01 071 1 1'0 100-

FIGURE 2 | Forest plot displaying the results of the meta-analysis for tumor response rate (TRR).

Favours [experimental] Favours [control]

(Figure 4). Taken together, the KPS in Astragalus-based product
combined with chemotherapy group was significantly improved
than control group. These results showed that Astragalus-based
product with chemotherapy improve quality of life of CRC
patients when compared with chemotherapy treatment alone.

Meta-Analysis of the Blood System
Fourteen trials with 887 patients reported neutropenia
occurrence rate. The meta-analysis showed significant difference

between these two treatment groups (RR: 0.52; 95% CI: 0.44-
0.62; p < 0.00001, I, = 53%) (Figure 5). Five trials reported the
levels of anemia and indicated a statistically significant difference
between the two treatment groups (RR: 0.49; 95% CI: 0.34-0.70;
p < 0.0001, I, = 0%) (Figure5). Thrombocytopenia was
analyzed from five studies and the result indicated that patients
had lower occurrence of thrombocytopenia in Astragalus-
based product with chemotherapy group (RR: 0.59; 95% CI:
0.46-0.77; p = 0.0001, I, = 0%) (Figure5). Those results
indicated that Astragalus-based product with chemotherapy
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Treatment Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M_-H, Fixed, 95% CI
02 Ge etal (2018) 28 30 7 30 19.8% 4.00(2.08,7.71) ==t
06 Lietal (2016) 8 23 3 23 8.5% 2.67[0.81,8.80] S
07 Xie et al (2016) 23 30 12 29 344% 1.85(1.15, 2.98) ——
11 Qin etal (2014) 1 21 5 20 145% 2.10[0.89, 4.96) T
16 Luo etal (2012) 0 0 0 0 Not estimahle
18 Qiu etal (2011) 1 22 5 21 14.4% 2.10([0.88,5.02) T F
19 Liu et al (2011) 9 16 3 16 8.5% 3.00[0.99, 9.08) T -
Total (95% CI) 142 139 100.0%  2.51[1.85,3.42] <
Total events 90 35
Heterogeneity: Chi*= 3.95, df= 5 (P = 0.56); F= 0% ; t t |
e 0.01 01 1 10 100
Test for overall effect: Z=5.89 (P < 0.00001) Favours [experimental] Favours [control]
FIGURE 3 | Forest plot displaying the results of the meta-analysis for Karnofsky performance status (KPS) according to number of patients.
Treatment Control Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% ClI
02 Ge etal (2018) 8533 6.29 30 7467 507 30 27.2% 10.66(7.77,13.55] -
03 Tang etal (2017) 77.35 5.681 25 6415 612 26 21.6% 13.20[9.96,16.44] *
04 Wang et al (2016) 885 9.88 20 805 7.59 20 7.6% 8.00 [2.54,13.46) =
15 Zhu et al (2012) 8353 6.85 30 71.85 7.56 30 17.0% 11.68[8.03,15.33] e
16 Luo etal (2012) 8583 6.85 30 7815 6.56 30 19.7% 7.68(4.29,11.07) e
22Chenetal (2008) 77.28 106 30 61.25 12.2 30 6.8% 16.03[10.25, 21.81) -
Total (95% Cl) 165 166 100.0% 10.96 [9.45, 12.47] '
Heterogeneity: Chi*= 9.70, df= 5 (P = 0.08); F= 48% ! t t {
ok -100 -50 0 50 100
Test for overall effect: Z=14.25 (P < 0.00001) Favours [experimental] Favours [control]
FIGURE 4 | Forest plot displaying the results of the meta-analysis for Karnofsky performance status (KPS) according to mean =+ SD.

can significantly decrease the incidence of neutropenia, anemia,
and thrombocytopenia compared to chemotherapy alone for the
treatment of CRC.

Meta-Analysis of Hepatic and Renal

Dysfunction

Analysis of the pooled data indicated that the hepatic dysfunction
of two groups did not significantly differ (RR: 0.76; 95% CI: 0.53-
1.09; p = 0.13, I = 0%) (Figure 6) and renal dysfunction (RR:
0.95; 95% CI: 0.51-1.76; p = 0.87, I, = 0%) (Figure 6). The
result showed that Astragalus-based product with chemotherapy
had no improvement in the hepatic and renal dysfunction when
compared with treatment of chemotherapy alone.

Meta-Analysis of Nausea and Vomiting,

Diarrhea, and Neurotoxicity

In the nine studies, result showed that there was a significant
difference in the incidence of nausea and vomiting between
the two groups, and the Astragalus-based product with
chemotherapy group was found to have lower nausea and
vomiting (RR: 0.56; 95% CI: 0.46-0.68; p < 0.00001, I, =
0%) (Figure 7). Diarrhea was extracted from eight studies and
the result indicated that CRC patients with Astragalus-based
product with chemotherapy treatment suffered with a lower
diarrhea (RR: 0.55; 95% CI: 0.40-0.75; p = 0.0001, I, = 0%)
(Figure 7). Eleven trials that included 615 cases reported the
incidence of neurotoxicity. This result indicated a statistical

difference between the two groups (RR: 0.56; 95% CI: 0.49-0.65;
p < 0.00001, I, = 74%) (Figure 7). These data indicated that
Astragalus-based product with chemotherapy can highly reduce
nausea and vomiting, diarrhea and neurotoxicity of CRC patients
when compared with chemotherapy alone.

Publication Bias
The inverted funnel plot was used to assess publication
bias and conducted funnel plots for all comparisons. The
shapes of the funnel plots showed a low potential for
publication bias (Figures S1-S5). There was no significant
heterogeneity observed.

DISCUSSION

CRC has a high incidence and morbidity around the world. The
integrative treatment for CRC includes surgery, chemotherapy,
radiotherapy, immunotherapy, molecular target therapy,
palliative care, and treatment of TCM (32). Increasing evidence
shows that TCM, as a common complementary strategy, can
enhance the efficacy, and reduce toxicity of anticancer treatment
(33, 34). However, the efficacy comparison between Astragalus-
based Chinese medicines combined with chemotherapy and
chemotherapy solely used in CRC treatment is still unclear.
Astragalus, also known as Huangqi in Chinese, is a perennial
herbaceous plant of the Leguminosae family, which has been
widely used for more than 2,000 years. Increasing data have
shown that it has the potential of anticancer, including increasing
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Treatment Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.5.1 Neutropenia
01 Lin et al (2018) 10 75 20 57 6.0% 0.38[0.19,0.75]
02 Ge etal (2018) 18 30 28 30 7.4% 0.64[0.47,0.87] -
03 Tang etal (2017) 8 25 16 26 42% 0.52[0.27,0.99) ==
04 Wang et al (2016) 16 20 18 20 48% 0.89[0.68,1.16) -1
05 Shen et al (2016) 5 21 10 21 2.7% 0.50[0.21,1.21) — = I
06 Lietal (2016) 7 23 16 23 42% 0.44[0.22,0.86) [ —
07 Xie et al (2016) 7 30 21 29 57% 0.32[0.16, 0.64] —
08 Zhang et al (2015) ] 32 19 32 50% 0.47[0.25,0.88) - T
11 Qin etal (2014) 3 21 9 20 24% 0.32[0.10,1.01]
12 Chen et al (2014) 7 47 ] 46  2.4% 0.76 [0.31,1.87) =
17 Rong et al (2011) 16 60 23 64 59% 0.74[0.44,1.26) T
18 Qiu etal (2011) 1 22 8 21 2.2% 0.12[0.02,0.87)
18 Liu et al (2011) 3 16 12 16  3.2% 0.25(0.09,0.72)
22 Chen et al (2008) 8 30 12 30 32% 0.67[0.32,1.39) il i
Subtotal (95% ClI) 452 435 59.3%  0.52[0.44,0.62] 2
Total events 118 221
Heterogeneity: Chi*= 27.84, df=13 (P=0.010); F=53%
Test for overall effect: Z=7.48 (P < 0.00001)
1.5.2 Anemia
03 Tang etal (2017) 4 25 1 26 29% 0.38[0.14,1.03)
04 Wang et al (2016) 5 20 8 20 21% 0.63[0.25,1.58] - =1
07 Xie et al (2016) 8 30 17 29 46% 0.45[0.23,0.89) -
11 Qin etal (2014) 8 21 9 20 24% 0.85[0.41,1.76) -
15 Zhu et al (2012) 5 30 16 30 42% 0.31[0.13,0.74) -
Subtotal (95% ClI) 126 125 16.3%  0.49[0.34,0.70] L 4
Total events 30 61
Heterogeneity: Chi*= 3.78, df= 4 (P = 0.44), F= 0%
Test for overall effect: Z= 3.92 (P < 0.0001)
1.5.3 Thrombocytopenia
03 Tang etal (2017) 4 25 11 26 29% 0.38[0.14,1.03)
04 Wang et al (2016) 10 20 13 20 3.4% 0.77[0.45,1.32) =
07 Xie et al (2016) 5 30 13 29 35% 0.37[0.15,0.91) S
08 Zhang et al (2015) 9 32 17 32 45% 0.53[0.28,1.01) =
11 Qinetal (2014) 0 21 0 20 Not estimable
12 Chen et al (2014) 16 47 18 46  48% 0.87[0.51,1.49) 1
19 Liu et al (2011) 7 16 14 16  3.7% 0.50(0.28, 0.90) -
22 Chen et al (2009) 4 30 6 30 1.6% 0.67[0.21,213] —
Subtotal (95% ClI) 221 219 245%  0.59[0.46,0.77] <&
Total events 55 92
Heterogeneity: Chi*=5.13,df=6 (P=0.53); F=0%
Test for overall effect: Z= 3.89 (P = 0.0001)
Total (95% Cl) 799 779 100.0%  0.53[0.47,0.61] ¢
Total events 203 374
Heterogeneity: Chi*= 36.55, df = 25 (P = 0.06); = 32% :0 o1 0: 1 3 1=0 100:

Test for overall effect: Z=9.25 (P < 0.00001)

Test for subaroun differences: Chi*= 0.97. df= 2 (P = 0.62). F= 0% FRISRIEIES (RIS RRE] i)

FIGURE 5 | Forest plot displaying the results of the meta-analysis for the blood system.

the sensitivity of antitumor drugs, inducing cell death, inhibiting
cell proliferation, and so on (35-37). In addition, many clinical
studies have also shown that Astragalus, had outstanding
anticancer activity (5, 25, 29). Based on experimental and clinical
evidences, we believe that Astragalus-based Chinese medicines
combined with chemotherapy can significantly improve TRR in
patients with CRC, which is consistent with our results.

Chemotherapy often leads to some side effects,
including myelosuppression, hepatic and renal dysfunction,
gastrointestinal reaction, and neurotoxicity. In China, TCM
may be combined with chemotherapy with the aim to reduce
the side effects of anticancer drugs. A number of active
compounds (such as glycosides, polysaccharides, flavone,
amino acids, and flavonoids) extracted from Astragalus are
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Treatment Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.6.1 Hepatic Dysfunction
04 Wang et al {(2016) 6 20 8 20 11.3% 0.75[0.32,1.77) -
06 Lietal (2016) 3 23 4 23 56% 0.75[0.19, 2.98) S
07 Xie et al (2016) ] 30 8 29 11.5% 1.09[0.49, 2.43)
08 Zhang et al (2015) 5 32 12 32 16.9% 0.42[0.17,1.05) —= 1
11 Qin etal (2014) 3 21 4 20 58% 0.71[0.18,2.80) I —
12 Chenetal (2014) 5 47 6 46  86% 0.82[0.27,2.49) B2
17 Rong et al (2011) ] 60 11 64 15.0% 0.87 [0.39, 1.96) —
Subtotal (95% CI) 233 234 74.7%  0.76[0.53, 1.09] <&
Total events 40 53
Heterogeneity: Chi*= 2.54, df=6 (P = 0.86); F= 0%
Test for overall effect: Z=1.51 (P=0.13)
1.6.2 Renal Dysfunction
04 Wang et al (2016) 0 20 0 20 Not estimahle
06 Lietal (2016) 2 23 4 23 56% 0.50(0.10,2.47) I R
07 Xie et al (2016) 7 30 6 29  86% 1.13[0.43, 2.96) =
11 Qin etal (2014) 1 21 1 20 1.4% 095[0.06,14.22)
12 Chen etal (2014) 1 47 1 46 1.4% 098[0.06,15.19)
17 Rong et al (2011) 6 60 6 64 8.2% 1.07 [0.36,3.13) -
Subtotal (95% ClI) 201 202 25.3%  0.95[0.51, 1.76] -
Total events 17 18
Heterogeneity: Chi*=0.79, df= 4 (P=0.94); F=0%
Test for overall effect. Z=0.16 (P = 0.87)
Total (95% Cl) 434 436 100.0%  0.80[0.59, 1.10] L 2
Total events 57 71
Heterogeneity: Chi*= 3.72, df=11 (P = 0.98); F= 0% =0 o1 0=1 3 1=0 100:
Test for overall effect: Z=1.36 (P=017) ’ : ;
Testfor subaroun differences: Chi*= 039, df=1 (P = 0.53). F= 0% FERQUER (eparmanial] Eavaursieoning

FIGURE 6 | Forest plot displaying the results of the meta-analysis for hepatic and renal dysfunction.

demonstrated to have the potential to enhance cytotoxic effects
and/or reduce side effects of chemotherapeutic agents (38, 39).
Meanwhile, it was pleased to find that chemotherapy-related
adverse reactions appeared less frequent and milder in the
use of concomitant Astragalus-based Chinese medicines, which
suggested Astragalus-based Chinese medicines could increase the
compliance to chemotherapy and finally lead to improvement
of patients KPS. Furthermore, several studies have shown
that Astragalus could markedly reduced myelosuppression,
gastrointestinal reaction, and neurotoxicity (40, 41). This
meta-analysis also suggested that Astragalus could reduce the
adverse reactions of chemotherapy and improve their life quality
based on KPS. However, there was no significant difference in
hepatic dysfunction and renal dysfunction between Astragalus-
based Chinese medicines combined with chemotherapy and
chemotherapy solely used in CRC treatment.

The results of this meta-analysis of 1,409 patients showed
that Astragalus-based product combined with chemotherapy
in the treatment of CRC may increase the efficiency of
TRR, improve their life quality, and reduce some side
effects that result from chemotherapy when compared with
chemotherapy alone.

There are several limitations to this meta-analysis. First,
the methodological quality of the included RCTs was generally
low. Most of them do not describe allocation concealment

and blinding, which limit the credibility of the results.
So, we did not get some other information. For example,
whether Chinese herbs from other sources were avoided,
whether only chemotherapy was used in the contamination
between arms, how is the adherence/compliance of the CRC
patients with Chinese herbs and chemotherapy, what is the
disparity rate of missing data on outcomes between arms,
and so on. Second, all clinical trials should be required
to be registered in a clinical trial registry before enrolling
subjects. However, none of the included studies was registered.
Third, the reports in Chinese language were excluded. So,
the risk of language bias should be considered. Fourth, the
molecular effect of Astragalus based therapies on cancer has
not been validated at molecular level and therefore remains
controversial. Given these limitations, additional real world
studies in CRC on Astragalus-based product combined with
chemotherapy to detect differences in tumor response and
long-term prognosis are required to confirm these findings in
the future.
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Treatment Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
1.7.1 Nausea and Vomiting

04 Wang et al (2016) 8 20 16 20 36% 0.50(0.28,0.89)

05 Shen et al (2016) 4 21 5 21 11% 0.80[0.25, 2.57) I
07 Xie et al (2016) 5 30 12 29 28% 0.40[0.16,1.00)

08 Zhang et al (2015) 12 32 20 32 45% 0.60[0.36,1.01) B
11 Qin etal (2014) 5 21 12 20 28% 0.40([0.17,0.92) e
12 Chenetal (2014) 27 47 39 46  8.9% 0.68[0.51,0.89) —~
18 Qiu etal (2011) 2 22 9 21 21% 0.21 [0.05,0.87) - =
19 Liu etal (2011) 6 16 13 16  2.9% 0.46 [0.24,0.91) N
22 Chen et al (2009) 12 30 17 30 38% 0.71[0.41,1.21) ]
Subtotal (95% CI) 239 235 326%  0.56[0.46, 0.68] *
Total events 81 143

Heterogeneity: Chi*= 6.45, df=8 (P = 0.60); F=0%
Test for overall effect: Z=5.88 (P < 0.00001)

1.7.2 Diarrhea

04 Wang et al (2016) 6 20 13 20 29% 0.46[0.22,0.97)

05 Shen et al (2016) 2 21 8 21 1.8% 0.25[0.06, 1.04)

06 Lietal (2016) 8 23 16 23 36% 0.50(0.27,0.93) _—

07 Xie et al (2016) 8 30 7 28 16% 1.10[0.46, 2.65) -1
11 Qin etal (2014) 2 21 4 20 089% 0.481(0.10,2.32) —
12 Chenetal (2014) 5 47 7 46  1.6% 0.70[0.24, 2.04) -1
19 Liu etal (2011) 5 16 12 16  2.7% 0.42[0.19,0.91)

22 Chen et al (2009) 6 30 9 30 2.0% 0.67 [0.27,1.64) N
Subtotal (95% CI) 208 205 17.3%  0.55[0.40,0.75] <

Total events 42 76

Heterogeneity: Chi*= 4.79, df=7 (P = 0.69), F= 0%
Test for overall effect. Z= 3.79 (P = 0.0001)

1.7.3 Neurotoxicity

04 Wang et al (2016) 5 20 7 20 16% 0.71[0.27,1.88) .
10 Wang et al (2015) 24 30 25 30 57% 0.96 [0.76,1.22) -1
11 Qin et al (2014) 4 21 6 20 1.4% 0.63[0.21,1.92) -1
12 Chenetal (2014) 12 47 32 46 7.3% 0.37[0.22,0.62) =

13 Lietal (2013) 20 30 27 30 B1% 0.74 [0.56, 0.98) ===

14 Caoetal (2013) 5 25 12 24 28% 0.40[0.17,0.96)

15 Zhu et al (2012) 1 30 26 30 59% 0.42[0.26, 0.69) -

16 Luo etal (2012) 22 30 29 30 66% 0.76 [0.61, 0.95) =

19 Liu etal (2011) 4 16 1 16  2.5% 0.36 [0.15,0.90)

21 Huang et al (2010) 8 30 25 30 57% 0.32[0.17,0.59) =

22 Chen et al (2009) 10 30 21 30 47% 0.48[0.27,0.83) -
Subtotal (95% CI) 309 306 50.1%  0.56 [0.49, 0.65] ¢

Total events 125 221

Heterogeneity: Chi*= 38.71, df=10 (P < 0.0001); F=74%
Test for overall effect. Z= 7.86 (P < 0.00001)

Total (95% CI) 756 746 100.0%  0.56 [0.50, 0.62] 4
Total events 248 440

Heterogeneity: Chi*= 50.70, df= 27 (P = 0.004); F= 47%

Test for overall effect: Z=10.40 (P < 0.00001)

Test for subaroun differences: Chi*=0.02. df=2 (P=099). F=0%

0.01 0.1 1 10 100
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FIGURE 7 | Forest plot displaying the results of the meta-analysis for nausea and vomiting, diarrhea and neurotoxicity.
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