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Abstract
Background  Cisplatin played an important role in the treatment of gastric cancer (GC). Oxaliplatin has been shown to be 
at least as effective as cisplatin for GC, with less toxicity and a better tolerability profile. We performed a meta-analysis to 
compare the efficacy and safety of oxaliplatin-based regimen versus cisplatin-based regimen in the treatment of GC.
Methods  Databases of CNKI, CBM, VIP, Wanfang, PubMed, Embase, Cochrane Library were searched for eligible litera-
tures from their establishments to November 2018. Randomized controlled trials that compared the efficacy and safety of 
oxaliplatin-based regimen with that of cisplatin-based regimen in the treatment of GC were included. Statistical analyses 
were calculated using RevMan 5.3 software.
Results  Seven randomized controlled trials including 2297 patients were included. Compared with cisplatin-based regimen 
intervention in GC, oxaliplatin-based regimen treatment was able to significantly improve the partial response rate (OR = 1.26, 
95% CI 1.07–1.49; p = 0.007), disease progression rate (OR = 0.41, 95% CI 0.25–0.66; p = 0.0002) and 1-year survival 
(OR = 1.25, 95% CI 1.00–1.56; p = 0.05). The toxicities of hematopoietic system were significantly higher in cisplatin-based 
regimen group (OR = 0.6, 95% CI 0.46–0.79; p = 0.0002), while oxaliplatin-based regimen group had higher neurosensory 
toxicity (OR = 2.21, 95% CI 1.52–3.21; p < 0.0001), In addition, gastrointestinal toxicity was similar between the two groups 
(OR = 1.01, 95% CI 0.5–2.01; p = 0.27).
Conclusions  Compared with cisplatin-based regimen, oxaliplatin-based regimen treatment has an obvious advantage in 
patients with GC with acceptable tolerance.
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Introduction

Gastric cancer (GC) is ranked as the fourth highest in inci-
dence and is the second most common cause of death from 
malignant tumors [1]. In each year, almost 996,000 peo-
ple are diagnosed with GC and among which 738,000 are 
dead globally [2]. Unfortunately, the early diagnosis rate of 
GC is very low and the majority of patients lose the chance 
of undergoing surgery [3]. This results in only having the 

choice of either palliative chemotherapy or symptomatic 
support treatment.

In 1989, neoadjuvant chemotherapy was first applied 
to treat GC by Wilke et al. and the results suggested that 
neoadjuvant chemotherapy improved the chance of radical 
resection in patients with GC [4]. Adjuvant therapy also 
played a pivotal role in the prevention of recurrence and 
progression in GC. The famous CLASSIC trial demon-
strated that patients with GC who received both surgery and 
chemotherapy were shown to have a higher 3-year disease-
free survival rate [5]. In addition, a meta-analysis includ-
ing 17 randomized controlled trials showed that adjuvant 
chemotherapy can significantly improve overall survival 
(HR = 0.82; 95% CI 0.76–0.90; p < 0.001) and disease-free 
survival (HR = 0.82; 95% C: 0.75–0.90; p < 0.001) compared 
with surgery alone in patients with advanced GC [6]. Nowa-
days, systemic chemotherapy is widely accepted as palliative 
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treatment for patients with advanced GC, leading to objec-
tive responses, improvement of quality of life, and survival 
time [7].

Platinum-based drugs are widely used in anti-tumor 
treatment of various cancers by binding to tumor cell DNA 
chains and interfering with their replication [8]. As a plati-
num drug, cisplatin plays an important role in the treatment 
of advanced gastric cancer. Patients with advanced gastric 
cancer were treated with S-1 plus cisplatin as the first-line 
treatment presenting markedly longer median overall sur-
vival (OS) and progression-free survival (PFS) than those 
treated with S-1 alone [9]. In addition, oxaliplatin is a third-
generation cisplatin analog with a 1,2-diaminocyclohex-
ane (DACH) that also has an obviously inhibitive effect on 
locally advanced or metastatic gastric cancer [6]. Popov et al. 
[10] have reported that leucovorin (LV) with 5-fluorouracil 
(5-FU) for 2 days plus oxaliplatin (LV5–FU2–oxaliplatin) 
regimen may be substituted for LV5–FU2–cisplatin regimen 
with favorable safety and efficacy profile in GC patients. A 
randomized phase III study (the G-SOX trial) demonstrated 
that S-1 and oxaliplatin (SOX) combination therapy was 
noninferior to S-1 and cisplatin combination therapy [11]. 
Therefore, our paper aims to compare oxaliplatin-based regi-
men with cisplatin-based regimen in the treatment of GC in 
terms of meta-analysis to provide a suitable treatment option 
for patients diagnosed with GC.

Methods

Literature search

Electronic databases (CNKI, CBM, VIP, Wanfang, PUB-
MED, EMBASE and Cochrane Controlled Trials Regis-
ter) were searched from inception till November 2018 to 
identify studies that provided information on the issue of 
oxaliplatin- or cisplatin-based regimen in the treatment of 
GC. Free text terms combined with MeSH (Medical Subject 
Headings) terms were used for the subject search. Search 
terms used were “gastric cancer*” or “stomach cancer*”, 
“gastric neoplasm*” or “stomach neoplasm*”, “oxaliplatin” 
or “cisplatin”. Additional studies were performed by manu-
ally reviewing the references of included studies and relevant 
review articles to further identify other potentially relevant 
studies.

Inclusion and exclusion criteria

Two reviewers (Gong-chen Wang and Zhao-yuan Fu) inde-
pendently assessed every retrieved study for inclusion. The 
inclusion criteria were as follows: (1) the included studies 
were randomized controlled trials that were conducted on 
the treatment of GC with oxaliplatin- or cisplatin-based 

regimen. (2) The participants included must be ≥ 18 years 
and should have histologically or cytologically confirmed 
GC. (3) The participants included should have adequate 
function of major organs (including cardiac, hepatic, bone 
marrow and renal function); and not previously treated for 
disease with any regimen of chemotherapy or radiotherapy. 
Exclusion criteria were: (1) language other than English; (2) 
case reports and reviews.

Data extraction

Data collection and analysis were performed according to 
a standard Cochrane protocol [12]. The same two review-
ers independently reviewed eligible studies for study char-
acteristics and clinical relevance. All disagreements were 
resolved by an independent third reviewer (Zhi-ming 
Zhang). If feasible, the data were extracted. The following 
information was extracted onto standardized data collec-
tion forms: author, trial title and year of publication, study 
design, length of follow up, number of participants and their 
basic characteristics.

Outcome definition

Grade 3–4 toxicity was defined as severe, life-threatening 
or disabling adverse events according to NCI Common Ter-
minology Criteria for Adverse Events version 3.0 (CTCAE) 
[13] with cases that the severity of nausea/vomiting and diar-
rhea are upper separate 6 and 7 episodes in 24 h or patients 
have the life-threatening consequences; the severity degree 
of anemia as hemoglobin ranged from 65–80 g/L for grade 3 
or lower for grade 4, while the severity of thrombocytopenia 
as plate ranged from 25 ~ 50 × 109/L for grade 3 or lower for 
grade 4; the severity of neutropenia is counted as the abso-
lute neutrophil count < 1.0 × 109/L.

Assessment of methodological quality of included 
studies

All studies that met the selection criteria were evaluated for 
methodological quality to assess the risk of bias for each 
outcome. This assessment was performed independently by 
two reviewers using the Cochrane Collaboration’s risk of 
bias tool as described in the Cochrane Handbook for Sys-
tematic Reviews of Interventions [14]. If there were any 
disagreements in the assessment of studies, we would have 
had a discussion. The outcome measures were assessed in 
the following domains: sequence generation, allocation con-
cealment, blinding of participants and personnel, blinding 
of outcome assessment, incomplete outcome data addressed, 
selective reporting, and other bias. The results of the meta-
analysis are interpreted in terms of the findings regarding 
the risk of bias.
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Statistical analysis

We anticipated heterogeneity among included studies due to 
the variety of methods of analysis, lag exposures, or patient 
population. In this meta-analysis, RevMan 5.2 software, 
developed by the Cochrane Collaboration, was used to ana-
lyze the data. Enumeration data and measurement data were 
carried out for statistical efficacy analysis using odds ratio 
(OR), mean and standard deviation (SD), respectively. Sta-
tistical heterogeneity among the included studies was exam-
ined using the χ2 test and the I2 statistic. The heterogeneity 
was considered minimal when I2 < 25%; moderate, when 
25%<I2 < 50%; and substantial, when I2 ≥ 50%. If there was 
no statistically significant heterogeneity in a given set of 
data, the fixed effects model was used for meta-analysis. If 
the results of trials showed heterogeneity, the random effects 
model was used. If heterogeneity among the groups is too 
large, the descriptive analysis was used. P values ≤ 0.05 
were considered statistically significant. A funnel plot was 
applied to detect publication bias in the meta-analysis.

Results

Studies selection

Our initial search strategy yielded 185 potentially relevant 
articles. After elimination of duplicates or irrelevant papers, 
30 articles were included and reviewed for their titles, 
abstracts and the full text examinations. Among them, 22 
articles were excluded from the final assessment for the fol-
lowing reasons: letter to editorials (n = 10), uncontrolled 
case series (n = 8), conference abstracts (n = 4), subgroup 
analysis (n = 1). Seven randomized clinical trials (Korea = 1, 
China = 2, UK = 1, Japan = 1, German = 1, Serbia = 1) were 
eventually eligible for the final meta-analysis [10, 11, 15–19] 
involving a total of 2297 patients of whom 1144 underwent 
oxaliplatin-based regimen and 1153 underwent cisplatin-
based regimen. Figure 1 presents the PRISMA statement 
of search results.

The details of the risk of bias assessment of included 
studies are summarized in Fig. 2. In terms of the adequate 
randomization sequence, all studies were assessed as low 
risk. However, most of the relative information in the stud-
ies was not available, such as allocation concealment and 
blinding of participants and personnel, as well as blinding of 
outcome assessment. Nevertheless, the overall methodologi-
cal quality was generally fair.

Characteristics of eligible studies

The included studies were published between 2008 and 
2016 with the number of the enrolled patients ranging 

from 43 to 1002. Five studies used adequate random 
allocation sequences [10, 11, 15–17]. While the exactly 
randomization methods of the other studies were unclear, 
since there was only a statement of “allocation had been 
randomized” in their papers. Information about allocation 
concealment was not mentioned in any of the studies, since 
it was impossible to perform blinding due to the nature 
of the two different chemotherapy regimens. The charac-
teristics of the included studies are presented in Table 1.

Outcome of meta‑analysis

Partial response rate

Seven studies including 2297 patients reported the partial 
response rate [10, 11, 15–19]. The fixed effect model was 
used and the pooled analysis suggested that when compar-
ing with cisplatin-based regimen treatment group, oxalipl-
atin-based regimen treatment was associated with a signifi-
cantly increased partial response rate (OR = 1.26, 95% CI 
1.07–1.49; p = 0.007), with low heterogeneity among the 
studies (I2 = 40%; heterogeneity p = 0.12; Fig. 3).

Disease stability rate

Four studies involving 1095 patients evaluated the disease 
stability rate [10, 11, 15, 16, 18] and no heterogeneity 
among them was observed (p = 0.69, I2 = 0%). The fixed 
effect model was used with no significant difference of 
disease stability rate between the two groups (OR = 1.05, 
95% CI 0.81–1.36; p = 0.7) (Fig. 4).

Fig. 1   The PRISMA statement of search results
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Disease progression rate

Three studies containing 410 patients evaluated the dis-
ease progression rate [10, 15, 16, 18] A meta-analysis 
showed that oxaliplatin-based regimen treatment substan-
tially improved disease progression rate compared with 
the cisplatin-based regimen treatment (OR = 0.41, 95% CI 
0.25–0.66; p = 0.0002), with no heterogeneity among the 
studies (I2 = 0%; p = 0.51; Fig. 5).

1‑Year survival rate

Three studies including 1263 patients reported the 1-year 
survival rate [16–18]. Compared with the cisplatin-based 
regimen treatment, oxaliplatin-based regimen treatment 
was associated with a significant increase of 1-year sur-
vival rate (OR = 1.25, 95% CI 1.00–1.56; p = 0.05), with 
low heterogeneity among the studies (I2 = 28%; p = 0.25; 
Fig. 6).

Grade 3–4 gastrointestinal toxicity

Four trials on 1883 patients evaluated the grade 3–4 gastro-
intestinal toxicity rate [11, 15–17] Among them, significant 
heterogeneity was observed (p < 0.0001, I2 = 80%). The ran-
dom effect model was used and the result showed no signifi-
cant difference between the two groups (OR = 1.01, 95% CI 
0.5–2.01; p = 0.27) (Fig. 7). Subgroup analysis showed no 
significant difference in the incidences of nausea or vomit-
ing (OR = 0.58, 95% CI 0.31–1.08; p = 0.09) and diarrhea 
(OR = 174, 95% CI 0.64–4.71; p = 0.27) between the two 
groups.

Grade 3–4 hematopoietic system toxicity

Four studies containing 1883 patients evaluated the grade 
3–4 hematopoietic system toxicity rate [11, 15–17] and sig-
nificant heterogeneity among them was observed (p = 0.006, 
I2 = 58%). The random model was used and the incidences 
of grade 3–4 hematopoietic system toxicity in cisplatin-
based regimen treatment group were significant higher than 
the oxaliplatin-based regimen treatment group (OR = 0.6, 
95% CI 0.46–0.79; p = 0.0002) (Fig. 8). Subgroup analy-
sis showed that the rate of anemia (OR = 0.49, 95% CI 
0.33–0.74; p = 0.0005) and neutropenia (OR = 0.50, 95% 
CI 0.34–0.73; p = 0.0003) in cisplatin-based regimen treat-
ment group was significantly higher than that in oxaliplatin-
based regimen treatment group, whereas the incidences of 
thrombocytopenia (OR = 0.98, 95% CI 0.68–1.42; p = 0.93) 
were similar.

Grade 3–4 peripheral neurotoxicity

Four studies including 1883 patients reported the grade 3 – 4 
peripheral neurotoxicity rate [11, 15–17] and significant het-
erogeneity was observed among them (p = 0.02, I2 = 71%). 
The random effect model was used and the incidences of 
peripheral neurotoxicity were significantly higher in oxali-
platin-based regimen treatment group than cisplatin-based 
regimen treatment group (OR = 2.21, 95% CI 1.52–3.21; 
p < 0.0001) (Fig. 9).

Publication bias assessment

Begg’s funnel plot was performed to assess the publication 
bias of literatures. The shape of the funnel plot did not reveal 
any evidence of obvious asymmetry. The finding suggested 

Fig. 2   Risk of bias summary of the included study. Low risk = bias, if present, is unlikely to alter the results seriously, unclear risk = bias raises 
some doubt about the results, high risk = bias may alter the results seriously



618	 International Journal of Clinical Oncology (2019) 24:614–623

1 3

that there was no publication biases likely affecting the 
results of the meta-analysis (Fig. 10).

Discussion

A total of 2297 GC patients from 7 studies were eventually 
included in the present meta-analysis to quantitatively assess 
the efficacy of oxaliplatin or cisplatin-based regimen in the 
treatment of GC. With the assessment of the bias risk and 
the quality, all the included studies were proven to be high 
quality and had good results. Finally, our research showed 
that:

1.	 Compared with cisplatin-based regimen, oxaliplatin-
based regimen could significantly improve partial 
response rate (OR = 1.26, 95% CI 1.07–1.49; p = 0.007), 
reduce disease progression rate (OR = 0.41, 95%CI: 
0.25–0.66; p = 0.0002), while, no obvious difference 
was observed in terms of disease stability rate.

2.	 On the long-term effect, oxaliplatin-based group was 
superior than cisplatin-based group in 1-year survival 
rate (OR = 1.25, 95% CI 1.00–1.56; p = 0.05).

3.	 The incidence of 3–4 grades toxicity was evaluated in 
three categories. In terms of grade 3–4 gastrointestinal 
toxicity, there was no significant difference in the occur-
rence rate of nausea or vomiting (p = 0.09) and diarrhea 
(p = 0.27) between the oxaliplatin-based regimen and the 
cisplatin-based regimen. In hematological toxicity, the 
rate of anemia (p = 0.0005) and neutropenia (p = 0.0003) 
in the cisplatin-based regimen was significantly higher 
than that in oxaliplatin-based regimen, whereas inci-
dences of thrombocytopenia (p = 0.93) were similar. 
However, the peripheral nerve damage was significantly 
higher in oxaliplatin group than that in cisplatin group 
(p < 0.0001).

Oxaliplatin is the third generation of chemotherapeutic 
agents after cisplatin and carboplatin. It was indicated that 
oxaliplatin also played a very important role in the treatment 
of cancer. In 1996, Machover et al. carried out two consecu-
tive phase II trials of oxaliplatin for treatment of advanced 
colorectal carcinoma. Results showed that the overall 
response rate of two trials was 10% (95% CI 0.046–0.16). 
The most common toxicity was peripheral nerve damage, 
and the incidences of grade 3 and 4 levels of toxicity in study 
I were 23% and 8%, in study II were 14% and 4%; fewer 
patients experienced gastrointestinal toxicity and bone mar-
row suppression [20]. Another study reported the efficiency 
of FOLFOX (oxaliplatin and 5-FU/leucovorin) regimen in 
advanced colorectal cancer, 32 patients with more than 2 
lesions were included in the study. The results indicated that 
complete response, partial response and stable disease were Ta
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Fig. 3   Meta-analysis results of oxaliplatin-based regimen treatment on partial response rate as compared with cisplatin-based regimen treatment

Fig. 4   Meta-analysis results of oxaliplatin-based regimen treatment on disease stability rate as compared with cisplatin-based regimen treatment

Fig. 5   Meta-analysis results of oxaliplatin-based regimen treatment on disease progression rate as compared with cisplatin-based regimen treat-
ment

Fig. 6   Meta-analysis results of oxaliplatin-based regimen treatment on 1-year survival rate as compared with cisplatin-based regimen treatment
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6.2%, 28% and 41%, separately. After 1 year follow-up, the 
survival rate was 72%, grade 3–4 nerve damage appeared 
in about 50% of patients [21]. These reports have revealed 
that oxaliplatin could significantly improve the short-term 
efficacy of patients with colon cancer, but the emergence 
of neurotoxicity should n’ot be ignored, as the main perfor-
mance was peripheral sensory nerve abnormalities, such as 
“socks levy” and so on. In 2007, the famous NSABPC-07 
trial compared the efficacy and neurotoxicity of FULV 
(fluorouracil, leucovorin) regimen with FOLFOX regimen 
in 2492 patients with colon cancer. The results showed that 
neurotoxicity in FOLFOX group was significantly higher 
than that in FULV group (p < 0.0001) after 18 months of 
follow-up. Meanwhile, a higher proportion of hand-foot 
paresthesia (26% vs. 2.6%), and fatigue (27.4% vs. 16.2%) 
were observed in the FOLFOX group. After 18 months of 
treatment, hand paresthesia disappeared in most of patients, 
but the foot paresthesia still existed. However, regarding 
the long-term efficacy, the 2-year survival rate in FOLFOX 
group exceeded FULV regimen by nearly 10% [22].

Although lots of studies confirmed the efficiency of oxali-
platin, neurotoxicity occurred in a considerable number of 
patients. Based on this, a number of scholars tried a variety 
of ways to explore how to minimize the adverse reactions 
caused by oxaliplatin, summed up the results, mainly in the 
following ways:

(1) Dose adjustment: Studies have found that when the 
cumulative dose of oxaliplatin reached 750–850 mg/m2, the 

rate of grade 3 neurotoxicity was 15%, and up to 50% after 
a total dose of 1170 mg/m2 [23]. MOSAIC trial showed that 
the neurotoxicity could be reversible and controllable; in the 
course of oxaliplatin treatment, the cumulative concentration 
should be lower than its toxic threshold, so that the incidence 
of nerve damage could be reduced [24].

(2) Stop-and-go fashion: The previous description sug-
gested that the nerve damage would gradually disappear 
after withdrawal. OPTIMOX test proposed a chemotherapy 
regimen of 6 cycles of FOLFOX6 regimen with 12 cycles of 
irinotecan combined 5-FU-6 cycles of FOLFOX7 regimen, 
and the promotion of this chemotherapy strategy has signifi-
cantly reduced the accumulation of oxaliplatin in body [25].

(3) Glutathione: In 2002, Cascinu et al. evaluated the 
role of glutathione in colorectal cancer patients receiving 
chemotherapy which contained oxaliplatin. 53 patients were 
divided into glutathione group and placebo group. Toxic-
ity was evaluated in 4 cycles (the accumulation of oxali-
platin was about 400 mg/m2), 8 cycles (800 mg/m2) and 
12 cycles (1200 mg/m2); the patients with neurotoxicity 
in two groups were 7 vs. 11, 2 vs. 11 (p = 0.003), 3 vs. 8 
(p = 0.004), respectively. In addition, the neurological func-
tion test found that gastrocnemius muscle sensation was sig-
nificantly reduced in placebo group [26].

(4) Calcium and magnesium combination: In 2004, 
Gamelin L et  al. performed a retrospective analysis of 
FOLFOX regimen in 161 patients with colorectal cancer, 
among which, 96 patients received calcium gluconate and 

Fig. 7   Meta-analysis results of oxaliplatin-based regimen treatment on grade 3–4 gastrointestinal toxicity as compared with cisplatin-based regi-
men treatment
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magnesium sulfate (group A), while the other 65 did not 
(group B). The results showed that only 4% patients in group 
A stopped chemotherapy because of neurotoxicity; Mean-
while, the proportion was 31% in group B (P = 0.000003). 
Distal nerve sensory abnormalities in the two groups was 
7% and 26% (p = 0.001). The incidence of neurotoxicity of 
the two groups was 45% and 20% (p = 0.003), the response 
rate was similar [27]. This study showed that calcium and 

magnesium combined could significantly reduce the toxicity 
of oxaliplatin.

(5) Lipoic acid: Many studies have shown that lipoic 
acid has achieved satisfactory results in terms of improv-
ing the physical and autonomic neuropathy caused by 
diabetes [28, 29]. Researchers tried to improve neurologi-
cal damage caused by oxaliplatin. In a trial, 15 patients 
with colorectal cancer received chemotherapy (oxaliplatin 

Fig. 8   Meta-analysis results of oxaliplatin-based regimen treatment on grade 3–4 hematopoietic system toxicity as compared with cisplatin-
based regimen treatment

Fig. 9   Meta-analysis results of oxaliplatin-based regimen treatment on grade 3–4 peripheral neurotoxicity as compared with cisplatin-based regi-
men treatment
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combined with raltitrexed). After 6 cycles of chemo-
therapy, 15 patients experienced neurotoxicity, then they 
received lipoic acid treatment. Six months later, neurotox-
icity was relieved in 8 patients [30]. The results suggested 
that lipoic acid could be a choice to improve the neurotox-
icity of oxaliplatin.

Our results suggested that the efficiency of oxaliplatin-
based regimen was superior to cisplatin-based regimen in 
the treatment of GC. Compared with cisplatin-based regi-
men, oxaliplatin has achieved both short- and long-term effi-
cacy. In terms of efficacy, the study seems to suggest that 
oxaliplatin can replace cisplatin. However, some potential 
limitations needed to be pointed out: (1) Although the basic 
characteristics of the two groups were well balanced, some 
differences still existed, such as age, sex, nationality, tumor 
location, disease stage, surgery type and TNM classifica-
tion. In addition, different chemotherapy regimens and drugs 
were used in the patients. It is worth noting that although 
not mentioned in any of the included studies, the nutritional 
status and postoperative surgical complications in the two 
groups may also be different. All of these differences may 
have a potential effect on the results. (2) Potential publica-
tion bias may exist in this meta-analysis, our meta-analysis 
was restricted to publications in English language, without 
some potential eligible studies in other languages included, 
which probably led to bias. (3) The results of this meta-anal-
ysis were based on studies with relatively small sample sizes 
and, therefore, should be interpreted cautiously. More well-
designed and large-scale randomized controlled clinical tri-
als should be conducted for further study on the comparison 
of adjuvant chemoradiotherapy with chemotherapy in GC.

In conclusion, our meta-analysis suggested that oxali-
platin-based regimen had a significant advantage in treat-
ment of GC compared with cisplatin-based regimen. Further 
prospective studies with different adjuvant approaches are 
needed to strengthen our findings.
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