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. Taxanes are chemotherapeutic agents commonly used to treat several cancers. However, the effects

. of taxanes on advanced gastric cancer (AGC) are still not clear, especially when used as a first-line

. treatment. This systematic review and meta-analysis aims to investigate the efficacy and safety of

. taxanes as a first-line treatment of AGC. The quality of our included studies was assessed using the
Cochrane risk of bias tool for RCTs and NOS scale for nRCTs, and the data of the included studies was of
satisfactory quality to analyze. The outcomes included overall survival (OS), progression-free survival
(PFS), overall response rate (ORR), and toxicity. Taxanes significantly improved OS (HR =0.84, 95%ClI

© 0.76-0.92, P =0.0004) and had a slight effect on ORR (RR=1.23, 95% Cl 1.00-1.51, P =0.05). However,

: taxanes may also increase the risks of neutropenia and leucopenia, similar to effects observed in other

. conventional chemotherapeutic treatments such as oxaliplatin and epirubicin. Therefore, patient

. characteristics including concomitant diseases, physical condition, and prior therapies should be
considered before selecting taxane-based treatments for AGC.

. Gastric cancer (GC) is one of the leading causes of cancer deaths worldwide, particularly in developing countries'.
© Most patients are diagnosed at advanced stages of GC and usually present with metastasis at diagnosis owing to
- alack of health awareness. While radical gastrectomy has shown significant promise as a curative treatment for
early GC, it is not satisfactory for cases of advanced GC (AGC)> Therefore, chemotherapy is still a vital treatment
for AGC worldwide®. For GC patients, particularly those with unresectable local AGC, recurrent GC, or meta-
static GC, systemic chemotherapy is the most common treatment option®>.
: Taxanes, a class of drugs including paclitaxel and docetaxel, have been widely used in various systemic chemo-
. therapy regimens for AGC®”. Paclitaxel (Taxol) is an antileukemic and antitumor agent derived from the bark
. of the Pacific yew tree Taxus brevifolia®. It was initially proven to have an assembly-promoting effect on micro-
© tubule proteins which interrupts cell division and proliferation®!!. Upon isolation from the needle leaves of the
European Taxus baccata, docetaxel was characterized by a tricyclic taxane skeleton and antineoplastic activities
similar to that of paclitaxel'?. At present, taxanes are commonly prescribed to treat several cancers and have been
. shown to have an antitumor effect on lung cancer, GC, breast cancer, and ovarian cancer'® 4. Moreover, they have
© been consistently used in combination with other systemic chemotherapeutic agents including 5-fluorouracil,
. cisplatin, bevacizumab, and S-1'7"7.
Some meta-analyses have evaluated the use of paclitaxel and docetaxel against cancers such as advanced
: non-small-cell lung cancer, prostate cancer, and breast cancer'®-2!. However, to the best of our knowledge, no
* meta-analysis has evaluated the efficacy and safety of taxanes as palliative chemotherapy for AGC. Since most
. clinical studies were conducted using either paclitaxel or docetaxel exclusively, a meta-analysis is warranted to
evaluate the efficacy and safety of the full taxane drug class for the systemic treatment of AGC.
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Figure 1. The flow chart of studies selection.

Results

Search results. We identified 1692 studies from a database search, and 1654 of these were excluded after
reviewing the titles and abstracts. Ultimately, 11 studies met the inclusion criteria (Fig. 1), including 6 rand-
omized controlled trials (RCTs) and 5 non-randomized controlled trials (nRCTs)?>~32. These trials included a
total of 1932 patients, with 969 in the taxane group and 963 in the control group. All patients were diagnosed with
AGC, specifically with unresectable local AGC, recurrent GC, or metastatic GC. We obtained data on patients’
history of gastrectomy from four studies and found that approximately 29.4% patients in the taxane group and
27.2% patients in the control group had undergone gastrectomy. All 11 studies investigated the first-line treat-
ment options for AGC. Detailed characteristics are shown in Table 1. The quality of the studies was assessed
using the Cochrane risk of bias tool for RCTs and NOS scale for nRCTs, showing that the data was of satisfactory
quality to analyze (Fig. 2 and Supplementary Table S1). The quality of the evidence regarding overall survival, pro-
gression-free survival, and overall response rate were also evaluated following the GRADE approach and using
GRADEpro software (Supplementary Table S2)*. Publication bias was observed by performing a funnel plot
on ORR (Supplementary Figure S1). Since this test showed signs of bias, we conducted quantitative assessment
using Begg’s (p = 0.64) and Egger’s (p = 0.20) tests using Stata software. The trim and fill analysis was also used for
testing and adjusting for publication bias in our meta-analysis**. We observed that the logRR value (0.166, 95% CI
0.03-0.301, P =0.017) was similar to the results after trim and fill analysis (0.152, 95% CI 0.018-0.286, P=0.027),
indicating that the results of our study were stable (Supplementary Figure S2). Based on these qualitative results of
publication bias, we concluded that the slight publication bias did not affect our overall results.

Overall survival. We extracted OS data from 10 studies (Roth et al.>! did not analyze OS), including 928
patients in the taxane group and 923 patients in the control group. The results indicated an advantage of taxanes
as first-line systemic chemotherapeutic agents for AGC patients compared with other agents (Fig. 3a). The Hazard
Ratio (HR) was 0.84 (95% CI 0.76-0.92, P =0.0004, I>=0%). We performed a subgroup analysis comparing the
different chemotherapy regiments and found that adding a taxane to known chemotherapy regimens had a mod-
erate beneficial effect on OS. The HR was 0.81 (95% CI 0.72-0.91, p=0.0004, I*= 0%, Fig. 3b). In the comparison
between taxane-based chemotherapy and platinum-based chemotherapy, taxane-based chemotherapy trended
toward a slight benefit over the platinum-based chemotherapy, but without statistical significance (HR=0.92,
95% CI 0.73-1.16, p=0.47, I*=0%). We also performed a subgroup analysis between the study types. When
grouped separately, the RCTs (HR=0.81, 95% CI 0.72-0.92, p=0.0007, I?=0%) and the nRCTs (HR=0.89, 95%
CI0.75-1.06, p=0.18, 1>*=0%) both showed a benefit when using a taxane, though the result in the nRCT group
was not statistically significant (Fig. 3c). We then extracted the median length of the overall survival from the 11
studies and found that 9 of the 11 showed a longer median length of overall survival with a taxane (Supplementary
Table S3), further suggesting a benefit of treating with a taxane.

Progression-free survival. A total of 1487 patients from nine studies were included in the analysis of PFS.
The HR for PFS was 0.89 (95% CI 0.78-1.00, P=0.06, I = 15%), indicating that the use of a taxane could prolong
the PFS of AGC patients, although the p-value was 0.06 (Fig. 4a). The results of the subgroup analysis indicated
that the addition of a taxane improved PFS significantly compared to the original chemotherapy regimens (HR
0.79, 95% CI 0.69-0.90, p =0.0006, I*=0%). Taxane-based chemotherapy showed a similar effect compared with
platinum-based chemotherapy (HR =0.95, 95% CI 0.76-1.19, p = 0.66, I>= 0%, Fig. 4b). In the subgroup of RCT
publications, taxane-based treatment trended toward improved PFS, but the results did not show statistical signif-
icance (HR =0.82, 95% CI 0.65-1.04, p=0.10, I* =42%, Fig. 4c). Longer median progress-free survival was found
with taxane use in 7 of 9 studies, indicating the benefit of taxanes for improving the length of progression-free
survival (Supplementary Table S2).
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Kilickap | 2011 | nRCT |DCE CF 40 36 53/18-70 52/23-70 24/16 18/18 35 40 gsf’etPYFS’ ORR,
Koizumi | 2014 |RCT |DS 51 314 321 65/23-79 | 652779  |227/87  |229/92 | NM NM soa%engs’ ORR,
Kos 2011 | nRCT | DCF CF 40 30 52.5/23-68 | 545/35-69 | 29/11 19/11 NM NM gasf’eng’ ORR,
Wang 2014 |nRCT |DS RO 36 48 55.5/33-72 | 60/35-76 20/16 34/14 NM NM OS, PES, ORR,
DCR, Safety
Guo 2015 | nRCT | DS SOX 101 87 60/20-78 56/37-77 59/42 61/26 NM NM 08, PES, ORR,
DCR, Safety
Mochiki | 2012 |RCT | SPac cis 2 41 NM NM s |01 |21 20 g)asf’eg, FS, RR,
Roth 2007 |RCT | DCF ECF a1 40 61/35-78 | 593271 |30/41 | 30/40 |32 18 ORR, Safety
Sugimoto | 2014 |RCT | SPac Slri 51 51 62/30-75 | 6425-75  |2813  |28/13 | NM NM g)asf;;Fs, ORR,
Teker 2014 |nRCT | DCF ECF 2 4 54/25-72 | 57/30-77 | 21/21 28/16 NM NM glsf’etl;FS’ ORR,
Cutsem | 2006 |RCT | DCF CF 21 224 5526-79 | 55/25-76 | 159/62 | 158/66 | NM NM gan&}?S’ ORR,
Wang 2013 |RCT | SPac $-1 41 41 63/35-74 | 61/31-73 32/9 30/11 30 32 gasf’eng’ ORR,

Table 1. Main characteristics of including studies. RCTs: randomized controlled trials, nRCT: non-randomized
controlled trials. DCF: Docetaxle, Cisplatin and Fluorouracil; CF: Cisplatin and Fluorouracil; DS: Docetaxel and
S-1; SOX: Oxaliplatin and S-1; SPac: Paclitaxel and S-1; CiS: Cisplatin and S-1; ECF: Epirubicin, Cisplatin and
Fluorouracil; Slri: Irinotecan and S-1; NM: not mentioned; OS: overall survival; PFS: progression-free survival;
ORR: overall response rate; DCR: disease control rate. The quality of RCT were assessed by the Cochrane risk of
bias tool, and the quality of nRCT were assessed by Newcastle-Ottawa Scale.

Overall response rate.  All of the included studies contained data on ORR. A total of 1742 patients were
included in the analysis: 872 in the taxane group and 870 in the control group. The risk ratio (RR) was 1.23
(95% CI 1.00-1.51, P =0.05, I>= 60%, Fig. 5a). Our results indicated that using a taxane could lead to a more
effective curative effect. The subgroup analysis indicated that simply adding a taxane could significantly improve
the ORR (RR 1.53, 95% CI 1.29-1.83, P < 0.00001, I*= 0%, Fig. 5b). We also compared the effect of platinum-
or epirubicin-based chemotherapies with taxane-based chemotherapy. The results indicated that taxane-based
chemotherapy showed a similar effect both with epirubicin-based chemotherapy (RR 1.14, 95% CI 0.70-1.87,
P=0.59, I*=5%) and platinum-based chemotherapy (RR 0.92, 95% CI 0.78-1.08, P =0.30, I>= 0%, Fig. 5b). The
results with subgroup analysis both in the RCTs (RR=1.40, 95% CI 1.15-1.69, P =0.0006, I*=17%) and in the
nRCTs (RR=1.17,95% CI 0.99-1.37, P=0.06, [*=71%, Fig. 5¢) showed a more effective curative effect by using
a taxane.

Safety. We analyzed the grade 3 and grade 4 toxicities of these studies. The most common hematological
toxicities were neutropenia, leucopenia, anemia, and thrombocytopenia. The most common non-hematological
toxicities included nausea, vomiting, diarrhea, febrile neutropenia, anorexia, and neuropathy. Taxane-based
chemotherapy increased the risk of developing neutropenia and leucopenia when compared to the control group
(Table 2). While the risk of developing thrombocytopenia decreased in comparison to control, it was not statisti-
cally significant. Compared to platinum-based or epirubicin-based chemotherapy, taxane-based chemotherapy
showed no significant advantage or disadvantage in terms of safety. Detailed results are shown in Table 3.

Discussion

Various clinical trials have evaluated chemotherapeutic drugs due to their important role in the treatment of
AGC. AGC treatment varies slightly in different geographical areas. The National Comprehensive Cancer
Network (NCCN) Gastric Cancer Guidelines (Version 2.2016) recommend fluoropyrimidine combined with
either cisplatin or oxaliplatin; paclitaxel combined with either cisplatin or carboplatin; docetaxel combined with
cisplatin; docetaxel, cisplatin combined with fluorouracil (DCF); or epirubicin and cisplatin combined with fluo-
rouracil (ECF) as first-line chemotherapeutics for unresectable local AGC, recurrent GC, or metastatic GC. The
Japanese gastric cancer treatment guidelines (Version 4, 2014) recommend S-1 with cisplatin; S-1 combined
with docetaxel; or S-1 and cisplatin combined with docetaxel (DCS) as the first-line treatment®. The European
Society for Medical Oncology (ESMO) Guidelines recommend epirubicin and oxaliplatin combined with 5-FU
(EOF); epirubicin and cisplatin combined with 5-FU (ECF); epirubicin and oxaliplatin combined with capecit-
abine (EOX); or docetaxel and cisplatin combined with fluorouracil (DCF) as the first-line chemotherapy options
for systematic chemotherapy®®. First-line chemotherapy regimens that include a taxane might be good candi-
dates for the combined treatment of AGC*. However, the results of a meta-analysis comparing taxane-based
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Figure 2. Risk of bias graph and summary of RCTs.

chemotherapy and ECF indicated no benefits of taxanes. Therefore, we aimed to investigate the effect of adding
a taxane to known chemotherapy regimens for systemic chemotherapy for AGC.

It has been demonstrated that taxane-based chemotherapy is effective against several types of tumors. In this
respect, Tian et al. found that the use of a taxane improved short-term local control in Chinese patients with
locally advanced nasopharyngeal carcinoma®. Moreover, it has been reported that taxanes were beneficial for
locally advanced squamous cell carcinomas of the head and neck (SCCHN) and advanced non-small cell lung
cancer0-*2,

We concluded that taxanes significantly improved survival and OS (HR = 0.84, p =0.0004) compared with the
control group in patients with AGC. Moreover, taxanes also have a slight effect on ORR (RR =1.23, 95% CI 1.00-
1.51, p=10.05), although these effects are not statistically significant. The significant improvement in ORR sug-
gests that patients may be more sensitive to taxane-based treatments. However, the safety-risk analysis uncovered
negative effects, indicating that taxanes significantly increased the risk of developing neutropenia and leucopenia.

We performed a subgroup analysis to further the investigation, comparing data from the six RCTs and five
nRCTs separately. The RCTs reported that taxanes significantly improved OS, which is similar to the results
above. Furthermore, taxanes improved the ORR compared to the control group, suggesting that patients are more
responsive to taxane-based treatments than control treatments. The results of the analysis of the RCTs indicated
that taxanes increased the risk of developing febrile neutropenia and neuropathy. This result was different from
that obtained for the nRCTs, which may be due to the small sample size.

Further subgroup analyses were subsequently performed. One subgroup analysis compared the effect of add-
ing taxanes into known chemotherapy regimens. The results indicated that adding taxanes significantly improved
OS, ORR, and PFS, demonstrating that the incorporation of taxanes improved the systemic chemotherapeutic
treatment of AGC patients. Another two subgroup analyses evaluated the effects of platinum- or epirubicin-based
chemotherapy regimens with taxane-based chemotherapy. Taxane-based chemotherapy did not improve OS, PES,
or ORR when compared with platinum-based chemotherapy, a result which was also observed by Mao et al.**.
Likewise, Roberto P et al. found that docetaxel and epirubicin-based chemotherapeutic regimens had similar
effects on metastatic gastric cancer®®. Thus, adding a taxane to known chemotherapy regimens improved the sys-
temic chemotherapeutical treatment of AGC patients, but taxane-based chemotherapy did not have any advan-
tage compared to the platinum- or epirubicin-based chemotherapies.
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Figure 3. Meta-analysis of the overall survival (OS). (a) Forest plots of the hazard ratio (HR) for the OS
comparing Taxane with control. (b) Subgroup analysis between the adding and replacing groups of the OS.
(c) Subgroup analysis between the RCT and nRCT groups of the OS.

With regard to toxicity, we found that the inclusion of a taxane increased the risk of neutropenia and leucope-
nia compared with the original chemotherapy regimens. Alternately, the inclusion of a taxane seemed to decrease
the risk of thrombocytopena, but was not statistically significant.

The results of the comparison between single and combined treatment for AGC were similar to those of other
studies. Bittoni et al. found that first-line triple therapy might be superior to dual therapy for the treatment of
AGC patients regarding the ORR and PFS*. Mohammad et al. also found that first-line triple chemotherapy may
be superior to a dual regimen in the treatment of advanced esophagogastric cancer patients*’. These two studies
also found that the triple therapy regimens increased the risk of toxicity, similar to our results. Conversely, Sun et
al. reported that single-agent treatment should be chosen as the first-line palliative chemotherapy option for older
patients with GC*S. Therefore, the inclusion of a taxane in systemic chemotherapeutic treatments for AGC could
improve the therapeutic effect; however, the benefits should be weighed against the risks of treatment-related
toxicity.
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Figure 4. Meta-analysis of the progression-free survival (PFS). (a) Forest plots of the hazard ratio (HR) for the
PFS comparing Taxane with control. (b) Subgroup analysis between the adding and replacing groups of the PFS.
(c) Subgroup analysis between the RCT and nRCT groups of the PFS.

Similar to the survival analysis results, we did not find significant improvements in safety by replacing the
drugs in known chemotherapy regimens with a taxane. However, each drug has unique characteristics. For exam-
ple, compared with platinum-based chemotherapy, taxane-based chemotherapy increased the risk of neutrope-
nia, leukopenia, and diarrhea but decreased the risk of neuropathy, nausea, and vomiting (Table 3). This result was
similar to that of Mao et al.*’. Moreover, taxane-based chemotherapy significantly increased the risk of developing
neutropenia but decreased the risk of developing thrombocytopenia compared with epirubicin-based chemother-
apy (Table 3). Therefore, replacing chemotherapeutic drugs with a taxane did not significantly decrease the net
overall risk of toxicity. For this reason, systemic chemotherapeutic regimens should be chosen according to the
patients’ health status and drug characteristics. Further studies should evaluate better combinations of chemo-
therapeutic drugs. In addition, the effects of newly emerging antineoplastic drugs and their correlation with tra-
ditional chemotherapeutic drugs, such as targeted therapies and Chinese medicine*’, should also be investigated.
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a Taxane Control Risk Ratio Risk Ratio
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Kilickap 2011 16 40 6 36 47% 2.40[1.05, 5.47] -
Koizumi 2014 92 237 65 243 14.0% 1.45[1.12, 1.89] -
Kos 2011 12 33 4 25 34% 2.271[0.83, 6.21] 7
Mochiki 2012 22 42 20 41 10.3% 1.07 [0.70, 1.64] -1
Roth 2007 15 41 10 40 6.3% 1.46 [0.75, 2.86] 1T
Sugimoto 2014 16 51 17 51 78% 0.94 [0.54, 1.65] 1
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Figure 5. Meta-analysis of the overall response rate (ORR). (a) Forest plots of the risk ratio (RR) for the ORR
comparing Taxane with control. (b) Subgroup analysis between the adding and replacing groups of the ORR. (c)
Subgroup analysis between the RCT and nRCT groups of the ORR.

Our systematic review and meta-analysis has some limitations. First, the variance in the control group was
not uniform due to the limited number of studies that evaluated the use of a taxane alone. Therefore, the heter-
ogeneity might be higher than what was reported herein. Second, some subgroup analyses could not be done
due to the limited number of studies, and some of our analyses included only two studies, which might decrease
the stringency of the meta-analysis. Third, the quality of the included studies (both RCTs and nRCTs) was poor.
Therefore, more high-quality RCTs should be conducted to elucidate the role of taxane in the treatment of AGC.
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Neutropenia 11 381 964 39.52% 213 950 22.42% 1.69 |1.11-2.56 | 0.01 Random
Leukopenia 7 241 807 29.86% 102 797 12.80% 2.05 |1.05-3.99 |0.04 Random
Anemia 9 110 883 12.46% 119 875 13.60% 094 |0.64-1.38 |0.75 Random
Thrombocytopena 9 38 882 4.31% 55 874 6.29% 0.77 | 0.44-1.35 | 0.36 Random
Nausea or vomiting 11 142 965 14.72% 135 952 14.18% 1.17 | 0.80-1.71 | 0.41 Random
Diarrhea 10 76 923 8.23% 49 908 5.40% 1.45 10.92-2.29 |0.11 Random
Febrile neutropenia | 6 31 584 5.31% 17 559 3.04% 1.12 | 0.38-3.28 | 0.83 Random
Anorexia 7 99 808 12.25% 80 795 10.06% 1.21 |0.85-1.72 | 0.30 Random
Neuropathy & 6 3 481 | 6.86% a |43 |aaan 141 |049-404 |052 | Random
eurotoxicity

Table 2. Toxicities comparison between taxane-based and control chemotherapy.

Neutropenia 5 216 |0.89-5.1 009 |3 158 |090-277 |01 |2 137 [103-1.82 |003 | 0.06
Leukopenia 3 361 | LI3-1151  |0.03 |2 167 |077-361 |0.19 |NM NM | NM NM o028
Anemia 4 128 | 0.66-2.48 047 |3 076 |041-1.40 |038 |NM NM | NM NM  |026
Thrombocytopena 4 068 [036-127 [022 |2 090 |[0.15-546 |091 |2 0.63 |0.08-500 |0.66 |0.95
Nausea or vomiting 5 136 |082-227  [024 |3 040 [0.07-231 |031 |2 122 |056-2.63 |0.62 | 042
Diarrhea 5 135 |064-285  [043 |3 158 |057-438 [0.38 |NM NM | NM NM o8l
Febrile neutropenia 3 165 |0.18-1514 |066 |NM NM | NM NM | NM NM | NM NM | —

Anorexia 3 150 |0.89-252 |03 |2 085 [0.20-360 |082 |NM NM | NM NM  |047
Ezzzgf;;zti‘ 2 323 | 141-7.44 0.006 |2 040 |015-109 |007 |NM NM | NM NM | 0.002

Table 3. Toxicities comparison between subgroup. NM: Not mentioned.

Conclusions

The addition of taxane to current first-line treatment options for AGC can improve OS, PFS, and ORR; however,
these treatments concomitantly increase the risk of toxicity. The effect of taxane is similar to that of conventional
drugs such as oxaliplatin and epirubicin in known chemotherapy regimens. Therefore, other patient charac-
teristics, including concomitant diseases, physical condition, and prior therapies, should be considered before
choosing taxane.

Methods

Study selection. We searched the PubMed, EMBASE, and the Cochrane Library databases for citations
published before February 2016. The keywords searched included “taxane”, “taxol”, “paclitaxel’, “docetaxel’, “gas-
tric cancer’, and “gastric carcinoma” The full search strategy is shown in the Supplementary Materials. Different
search strategies were conducted for different databases, and the references of the included studies were also

searched.

Date extraction and outcomes. The primary outcomes of our study were overall survival (OS),
progression-free survival (PFS), and overall response rate (ORR). ORR was defined as the sum of both partial
and complete responses. We also included grade 3 and grade 4 adverse events as safety outcomes. Two investiga-
tors (Jinxin Shi and Peng Gao) extracted the data from the full articles independently. Any disagreements were
resolved by a third investigator.

Eligibility criteria. Eligibility criteria included (1) studies that were published in English; (2) patients were
diagnosed with AGC; (3) studies that evaluated at least one of the three primary outcomes; (4) studies that com-
pared taxane-based therapy with other agent-based therapies as chemotherapy regimens; (5) studies that evalu-
ated first-line chemotherapeutic agents; and (6) in cases of duplicates, the most recent and higher-quality study
was included. We excluded case reports, review articles, and letters. The studies were excluded in cases in which
none of the outcomes (OS, PFS, ORR, or safety) were provided or could not be calculated, and in cases in which
the classification of the chemotherapeutic agents was not provided. Two reviewers (Jinxin Shi and Peng Gao)
evaluated the studies independently. The PRISMA 2009 checklist was used as a guideline for reporting the find-
ings for included studies*.
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Quality assessment. The quality of the articles were assessed by two researchers independently using the
Cochrane risk of bias tool for RCTs and NOS scale for nRCTs*. The quality of the evidence used for calculating
OS, PFS and ORR was also evaluated using GRADEpro software.

Statistical analysis. The meta-analysis was performed using Review Manager Software version 5.2
(Cochrane Collaboration). The hazard ratios (HRs) and 95% confidence intervals (95% Cls) of OS and PFS
were calculated using the log HR and standard error in Review Manager Software version 5.2 (Cochrane
Collaboration) following the method of Tierney®®. ORR and safety were analyzed by calculating the risk ratio
(RR). The random-effects model was selected prior to analysis because it provides more conservative estimates
and is tailored to multicenter studies in which heterogeneity is usually present®’. The p-values less than 0.05 were
considered significant. The Begg’s and Egger’s tests were performed using Stata software version 12.0.

References

1. Torre, L. A. et al. Global cancer statistics, 2012. CA Cancer ] Clin 65, 87-108 (2015).

2. Buzzoni, R. et al. Pathological features as predictors of recurrence after radical resection of gastric cancer. Br J Surg 93, 205-9 (2006).

3. Liu, Y., Feng, Y., Gao, Y. & Hou, R. Clinical benefits of combined chemotherapy with S-1, oxaliplatin, and docetaxel in advanced
gastric cancer patients with palliative surgery. Onco Targets Ther 9, 1269-73 (2016).

4. Glimelius, B., Hoffman, K., Haglund, U., Nyren, O. & Sjoden, P. O. Initial or delayed chemotherapy with best supportive care in
advanced gastric cancer. Ann Oncol 5, 189-90 (1994).

5. Ochenduszko, S. et al. Comparison of efficacy and safety of first-line palliative chemotherapy with EOX and mDCF regimens in
patients with locally advanced inoperable or metastatic HER2-negative gastric or gastroesophageal junction adenocarcinoma: a
randomized phase 3 trial. Med Oncol 32, 242 (2015).

6. Lee, S. Y. et al. PD-L1 polymorphism can predict clinical outcomes of non-small cell lung cancer patients treated with first-line
paclitaxel-cisplatin chemotherapy. Sci Rep 6, 25952 (2016).

7. Park, S. C. & Chun, H. J. Chemotherapy for advanced gastric cancer: review and update of current practices. Gut Liver 7, 385-93
(2013).

8. Wani, M. C,, Taylor, H. L., Wall, M. E., Coggon, P. & McPhail, A. T. Plant antitumor agents. VI. The isolation and structure of taxol,
a novel antileukemic and antitumor agent from Taxus brevifolia. ] Am Chem Soc 93, 2325-7 (1971).

9. Schiff, P. B,, Fant, J. & Horwitz, S. B. Promotion of microtubule assembly in vitro by taxol. Nature 277, 665-7 (1979).

10. Heidemann, S. R. & Gallas, P. T. The effect of taxol on living eggs of Xenopus laevis. Dev Biol 80, 489-94 (1980).

11. Yvon, A. M., Wadsworth, P. & Jordan, M. A. Taxol suppresses dynamics of individual microtubules in living human tumor cells. Mol
Biol Cell 10, 947-59 (1999).

12. Francis, P. A, Kris, M. G., Rigas, J. R., Grant, S. C. & Miller, V. A. Paclitaxel (Taxol) and docetaxel (Taxotere): active chemotherapeutic
agents in lung cancer. Lung Cancer 12(Suppl 1), S163-72 (1995).

13. Kim, S. C. et al. In vivo evaluation of polymeric micellar paclitaxel formulation: toxicity and efficacy. ] Control Release 72, 191-202
(2001).

14. Qian, J. et al. A clinical prognostic scoring system for resectable gastric cancer to predict survival and benefit from paclitaxel- or
oxaliplatin-based adjuvant chemotherapy. Drug Des Devel Ther 10, 241-58 (2016).

15. Yoshinami, T. et al. Efficacy and safety of re-induction therapy with bevacizumab and paclitaxel for metastatic breast cancer. Breast
Cancer (2016).

16. Miyawaki, Y. et al. Efficacy of docetaxel, cisplatin, and 5-fluorouracil chemotherapy for superficial esophageal squamous cell
carcinoma. Dis Esophagus (2016).

17. Satoi, S. et al. Multicenter Phase II Study of Intravenous and Intraperitoneal Paclitaxel With S-1 for Pancreatic Ductal
Adenocarcinoma Patients With Peritoneal Metastasis. Ann Surg (2016).

18. He, X., Wang, J. & Li, Y. Efficacy and safety of docetaxel for advanced non-small-cell lung cancer: a meta-analysis of Phase III
randomized controlled trials. Onco Targets Ther 8,2023-31 (2015).

19. Lei, N. et al. Docetaxel-based therapy with and without antiangiogenic agents as first-line chemotherapy for castration-resistant
prostate cancer: A meta-analysis of nine randomized controlled trials. Mol Clin Oncol 2,1182-1188 (2014).

20. Li,J., Yao, Y. & Jing, J. Comment on Wang et al.: The efficacy of bevacizumab plus paclitaxel as first-line treatment for HER2-negative
metastatic breast cancer: a meta-analysis of randomized controlled trials. Tumour Biol 35, 6183 (2014).

21. Schwentner, L. et al. Short term quality of life with epirubicin-fluorouracil-cyclophosphamid (FEC) and sequential epirubicin/
cyclophosphamid-docetaxel (EC-DOC) chemotherapy in patients with primary breast cancer - Results from the prospective multi-
center randomized ADEBAR trial. Breast 27, 69-77 (2016).

22. Guo, M. et al. Low-dosed docetaxel showed equivalent efficacy but improved tolerability compared with oxaliplatin in the S-1-based
first-line chemotherapy regimen for metastatic or recurrent gastric adenocarcinoma. Med Oncol 32, 230 (2015).

23. Wang, M., Wu, M., Wang, W,, Wang, Q. & Wang, Y. Docetexal plus S-1 versus oxaliplatin plus S-1 for first-line treatment of patients
with advanced gastric cancer: a retrospective study. Oncol Res Treat 37, 24-8 (2014).

24. Teker, E, Yilmaz, B., Kemal, Y., Kut, E. & Yucel, I. Efficacy and safety of docetaxel or epirubicin, combined with cisplatin and
fluorouracil (DCF and ECF), regimens as first line chemotherapy for advanced gastric cancer: a retrospective analysis from Turkey.
Asian Pac ] Cancer Prev 15, 6727-32 (2014).

25. Sugimoto, N. et al. Randomized phase II trial of S-1 plus irinotecan versus S-1 plus paclitaxel as first-line treatment for advanced
gastric cancer (OGSG0402). Anticancer Res 34, 851-7 (2014).

26. Koizumi, W. et al. Addition of docetaxel to S-1 without platinum prolongs survival of patients with advanced gastric cancer: a
randomized study (START). ] Cancer Res Clin Oncol 140, 319-28 (2014).

27. Wang, X. et al. Randomized phase II study comparing paclitaxel with S-1 vs. S-1 as first-line treatment in patients with advanced
gastric cancer. Clin Transl Oncol 15, 836-42 (2013).

28. Mochiki, E. et al. Phase IT multi-institutional prospective randomised trial comparing S-1+ paclitaxel with S-14- cisplatin in patients
with unresectable and/or recurrent advanced gastric cancer. Br ] Cancer 107, 31-6 (2012).

29. Kos, E T. et al. Comparison of cisplatin-5-fluorouracil-folinic acid versus modified docetaxel-cisplatin-5-fluorouracil regimens in
the first-line treatment of metastatic gastric cancer. Chemotherapy 57, 230-5 (2011).

30. Kilickap, S., Yalcin, S., Ates, O. & Tekuzman, G. The first line systemic chemotherapy in metastatic gastric carcinoma: A comparison
of docetaxel, cisplatin and fluorouracil (DCF) versus cisplatin and fluorouracil (CF); versus epirubicin, cisplatin and fluorouracil
(ECF) regimens in clinical setting. Hepatogastroenterology 58, 208-12 (2011).

31. Roth, A. D. et al. Docetaxel, cisplatin, and fluorouracil; docetaxel and cisplatin; and epirubicin, cisplatin, and fluorouracil as systemic
treatment for advanced gastric carcinoma: a randomized phase II trial of the Swiss Group for Clinical Cancer Research. J Clin Oncol
25, 3217-23 (2007).

32. Van Cutsem, E. et al. Phase III study of docetaxel and cisplatin plus fluorouracil compared with cisplatin and fluorouracil as first-line
therapy for advanced gastric cancer: a report of the V325 Study Group. J Clin Oncol 24, 4991-7 (2006).

SCIENTIFICREPORTS|7:5319 | DOI:10.1038/541598-017-05464-0 9



www.nature.com/scientificreports/

33. Guyatt, G. et al. GRADE guidelines: 1. Introduction-GRADE evidence profiles and summary of findings tables. J Clin Epidemiol 64,
383-94 (2011).

34. Duval, S. & Tweedie, R. Trim and fill: A simple funnel-plot-based method of testing and adjusting for publication bias in meta-
analysis. Biometrics 56, 455-63 (2000).

35. Japanese Gastric Cancer, A. Japanese gastric cancer treatment guidelines 2014 (ver. 4). Gastric Cancer (2016).

36. Waddell, T. et al. Gastric cancer: ESMO-ESSO-ESTRO clinical practice guidelines for diagnosis, treatment and follow-up. Eur J Surg
Oncol 40, 584-91 (2014).

37. Fujitani, K. et al. Phase I and pharmacokinetic study of S-1 combined with weekly paclitaxel in patients with advanced gastric cancer.
Oncology 69, 414-20 (2005).

38. Petrioli, R. et al. Epirubicin-based compared with docetaxel-based chemotherapy for advanced gastric carcinoma: A systematic
review and meta-analysis. Crit Rev Oncol Hematol 102, 82-8 (2016).

39. Tian, R. et al. Use of taxane-containing induction chemotherapy in combination with concurrent chemoradiotherapy in Chinese
patients with locally advanced nasopharyngeal carcinoma: a meta-analysis. Onco Targets Ther 8, 3255-63 (2015).

40. Socinski, M. A. Update on taxanes in the first-line treatment of advanced non-small-cell lung cancer. Curr Oncol 21, e691-703
(2014).

41. Behera, M. et al. Concurrent therapy with taxane versus non-taxane containing regimens in locally advanced squamous cell
carcinomas of the head and neck (SCCHN): a systematic review. Oral Oncol 50, 888-94 (2014).

42. Perl, G., Ben-Aharon, I., Popovtzer, A., Stemmer, S. M. & Vidal, L. Addition of taxane to induction therapy in head and neck
malignancies: a systematic review and meta-analysis of randomized controlled trials. Chemotherapy 59, 435-40 (2013).

43. Mao, Z. Y. et al. Retrospective evaluation of the efficacy of first-line treatment of advanced gastric cancer with docetaxel and
oxaliplatin. Cancer Invest 33, 16-21 (2015).

44. Bittoni, A. et al. Three drugs vs two drugs first-line chemotherapy regimen in advanced gastric cancer patients: a retrospective
analysis. Springerplus 4, 743 (2015).

45. Mohammad, N. H. et al. Optimal first-line chemotherapeutic treatment in patients with locally advanced or metastatic
esophagogastric carcinoma: triplet versus doublet chemotherapy: a systematic literature review and meta-analysis. Cancer Metastasis
Rev 34, 429-41 (2015).

46. Sun, D. S. et al. Outcomes in elderly patients treated with a single-agent or combination regimen as first-line chemotherapy for
recurrent or metastatic gastric cancer. Gastric Cancer 18, 644-52 (2015).

47. Chung, V. C. et al. Effectiveness of Chinese herbal medicine for cancer palliative care: overview of systematic reviews with meta-
analyses. Sci Rep 5, 18111 (2015).

48. Moher, D,, Liberati, A., Tetzlaff, J., Altman, D. G. & Group, P. Preferred reporting items for systematic reviews and meta-analyses:
the PRISMA statement. PLoS Med 6, e1000097 (2009).

49. Knijn, N., Mogk, S. C., Teerenstra, S., Simmer, E & Nagtegaal, I. D. Perineural Invasion is a Strong Prognostic Factor in Colorectal
Cancer: A Systematic Review. Am ] Surg Pathol 40, 103-12 (2016).

50. Tierney, J. E, Stewart, L. A., Ghersi, D., Burdett, S. & Sydes, M. R. Practical methods for incorporating summary time-to-event data
into meta-analysis. Trials 8, 16 (2007).

51. Liebig, C. et al. Perineural invasion is an independent predictor of outcome in colorectal cancer. J Clin Oncol 27, 5131-7 (2009).

Acknowledgements

We thank the department of Surgical Oncology of First Hospital of China Medical University for technical
assistance. This work was supported by Program of Education Department of Liaoning Province (L2014307) and
the Key Laboratory Program of Education Department of Liaoning Province (LZ2015076).

Author Contributions

J.X.S. and P.G. contributed equally to this work. Z.N.W. designed the research, revised the manuscript and
supervised all the work. S.J.X. took part in designing the research, collected the data, analyzed the results and
wrote the manuscript. P.G. designed the research, searched the studies, collected the eligible studies and wrote the
manuscript. Y.X.S. solved the disagreements between J.X.S. and P.G., X.W.C. contributed to the extraction of the
data. Y.L. did the similar work of data extraction as X.W.C., C.W.Z. helped to write some parts of the manuscript.
H.C.W. also contributed to write some parts of the manuscript and check the data in the manuscript. All authors
read and provided suggestions during manuscript preparation.

Additional Information
Supplementary information accompanies this paper at doi:10.1038/s41598-017-05464-0

Competing Interests: The authors declare that they have no competing interests.

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International
CE | jcense, which permits use, sharing, adaptation, distribution and reproduction in any medium or

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2017

SCIENTIFICREPORTS|7:5319 | DOI:10.1038/541598-017-05464-0 10


http://dx.doi.org/10.1038/s41598-017-05464-0
http://creativecommons.org/licenses/by/4.0/

	Efficacy and safety of taxane-based systemic chemotherapy of advanced gastric cancer: A systematic review and meta-analysis ...
	Results

	Search results. 
	Overall survival. 
	Progression-free survival. 
	Overall response rate. 
	Safety. 

	Discussion

	Conclusions

	Methods

	Study selection. 
	Date extraction and outcomes. 
	Eligibility criteria. 
	Quality assessment. 
	Statistical analysis. 

	Acknowledgements

	Figure 1 The flow chart of studies selection.
	Figure 2 Risk of bias graph and summary of RCTs.
	Figure 3 Meta-analysis of the overall survival (OS).
	Figure 4 Meta-analysis of the progression-free survival (PFS).
	Figure 5 Meta-analysis of the overall response rate (ORR).
	Table 1 Main characteristics of including studies.
	Table 2 Toxicities comparison between taxane-based and control chemotherapy.
	Table 3 Toxicities comparison between subgroup.




