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Abstract
Evidence from Europe shows that perioperative chemotherapy may be beneficial for the treatment of locally 
advanced gastric cancer, but reliable and robust data is lacking. To rectify this, the phase 3 RESONANCE trial 
investigated the efficacy and safety of S-1 plus oxaliplatin (SOX) as a perioperative chemotherapy regimen for 
gastric cancer. This randomized, open-label trial enrolled patients from 19 medical centers with stage II/III resectable 
gastric cancer who were centrally randomly assigned to either perioperative chemotherapy (PC) arm or adjuvant 
chemotherapy (AC) arm. Patients in the PC arm received two to four cycles of SOX followed by surgery and four 
to six cycles of SOX. Patients in the AC arm received upfront surgery and eight cycles of SOX. 386 patients in each 
group were enrolled and 756 (382 in PC and 374 in AC) were included in the mITT population. The three-year DFS 
rate was 61.7% in the PC arm and 53.8% in the AC arm (log-rank p = 0.019). The R0 resection rate in the PC arm 
was significantly higher than that in the AC arm (94.9% vs. 83.7%, p < 0.0001). There was no difference between two 
arms in surgical outcomes or postoperative complications. Safety-related data were like the known safety profile. 
In conclusion, from a clinical perspective, this trial indicated a trend towards higher three-year disease-free survival 
rate with perioperative SOX in stage II/III resectable gastric cancer with well-tolerated toxicity compared to adjuvant 
SOX, which might provide a theoretical basis for applying perioperative SOX in advanced gastric cancer patients. 
(ClinicalTrials.gov NCT01583361)
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To the Editor.
Curative resection is the mainstay for resectable gastric 

cancer [1]. To further improve survival, multidisciplinary 
strategies such as perioperative chemotherapy and post-
operative chemotherapy have been assessed. The MAGIC 
study, FNCLCC/FFCD 9703 study, and FLOT4 study 
have established the rationale for perioperative chemo-
therapy in western countries, showing better overall sur-
vival in perioperative settings than surgery only [2–4]. 
In contrast, the ACTS-GC trial and CLASSIC trial have 
solidified adjuvant chemotherapy as a standard treatment 
in East Asia [5, 6]. Despite these advances, current evi-
dence does not suggest a preferred therapeutic strategy 
or an optimal chemotherapy regimen. Several studies 
have shown that the S-1 plus oxaliplatin chemotherapy 
(SOX) was efficient and well tolerated [7–10]. However, 
there remains a scarcity of direct comparisons between 
perioperative and adjuvant chemotherapy using SOX. 
Therefore, the randomized RESONANCE trial was con-
ducted to compare perioperative with adjuvant SOX 
chemotherapy in patients with locally advanced gastric 
cancer. Study Methods were contained in Additional file 
1.

Between Sep 1, 2012, and Jul 1, 2019, 772 patients from 
19 medical centers were enrolled and randomly assigned 
to perioperative chemotherapy (PC) arm or adjuvant 
chemotherapy (AC) arm (Additional file 2: Fig. S1, Table 
S1). 382 in PC arm receiving preoperative chemotherapy 

and 374 in AC arm receiving surgical resection formed 
the modified intention-to-treat (mITT) population 
(Additional file 2: Table S2). The three-year disease-free 
survival (DFS) rate was 61.7% (95%CI 56.8-66.6%) in PC 
group and 53.8% (95%CI 48.8-58.9%) in AC group. The 
hazard ratio (HR) was 0.76 (95%CI 0.61–0.96) and log-
rank p = 0.019 (Fig.  1A). Subgroup analysis revealed a 
significant difference in DFS between the two groups 
among stage III patients, rather than among stage II 
patients (Fig. 1B and C, Additional file 2: Fig. S2). In the 
per-protocol population, which consisted of patients who 
received surgery and preoperative and postoperative che-
motherapy in PC group or postoperative chemotherapy 
in AC group, the three-year DFS rate was 63.0% (95%CI 
58.1-67.9%) in PC group and 55.5% (95%CI 50.3-60.7%) 
in AC group (HR 0.77, 95%CI 0.61–0.96, p = 0.026) (Addi-
tional file 2: Fig. S3).

In the PC arm, 157 patients (41.1%) completed eight 
cycles of perioperative chemotherapy, while 68 (19.2%) 
in the AC group completed eight cycles of postoperative 
chemotherapy, which was significantly lower than that 
of the PC group (p < 0.001) (Additional file 2: Table S3). 
Preoperative chemotherapy resulted in pathological com-
plete response (pCR) in 23.6% of patients in the PC arm. 
Additionally, post-hoc re-evaluation by the third party 
yielded a pCR rate of 22.3%.

No significant difference was found in terms of surgical 
time, blood loss, gastrectomy, number of dissected lymph 

Fig. 1 Kaplan-Meier estimates of disease-free survival for mITT patients (A), stage II patients (B), and stage III patients (C). HR, hazard ratio; PC, periopera-
tive chemotherapy; AC, adjuvant chemotherapy
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nodes, and lymphadenectomy (Additional file 2: Table 
S4). The R0 resection rate of the PC group was 94.9%, 
which was higher than that of 83.7% in the AC group. 
The stratified analysis revealed higher R0 resection rates 
in the PC arm compared to the AC arm for stage IIIC 
patients or patients with tumors located in the esophago-
gastric junction (Additional file 2: Fig. S4).

Postoperative complications occurred in 68 patients 
(18.1%) in the PC arm and 73 (19.5%) in the AC arm. No 
significant difference in postoperative hospital stays or 
the rate of complication was found between the two arms 
(Additional file 2: Table S5, Table S6). Adverse events 
(AE) are listed in Table  1. The most common hemato-
logical and non-hematological AE were thrombocytope-
nia and fatigue, respectively. Neutropenia was the most 
frequent AE in all observed grade 3/4 AE. Two patients 
from PC group and one patient from AC group died from 
thrombotic event, cardiovascular event and abdominal 
infection, respectively.

The results of our study have suggested a tendency 
towards higher three-year disease-free survival rate with 
perioperative SOX for patients with resectable stage II/
III gastric cancer compared to the adjuvant SOX. The 
results of the subgroup analysis provide compelling evi-
dence supporting the recommendation in the Chinese 
guidelines for administering neoadjuvant chemotherapy 
in stage III patients [11]. The limitations of this study 
include potential deviations in stage or response evalua-
tion, the absence of using Lauren’s classification and mic-
rosatellite instability status, and the uneven number of 
enrolled cases across different centers. Despite these, we 
believed that this study might provide a theoretical basis 
for applying perioperative SOX as a standard cure in Chi-
nese advanced gastric cancer patients.
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Table 1 Adverse events
PC arm AC arm (N = 354) P value

(PC-post vs. AC)Preoperative (N = 382) Postoperative (N = 364)
All Grade 3/4 All Grade 3/4 All Grade 3/4 All Grade 3/4

Serious adverse events 8(2.1%) 3(0.8%) 12(3.3%) 6(1.6%) 18(5.1%) 11(3.1%) 1.000 1.000
Hematological
Anemia 251(65.7%) 30(7.9%) 191(52.5%) 25(6.9%) 201(56.8%) 23(6.5%) 0.246 0.842
Leukopenia 242(63.4%) 16(4.2%) 184(50.5%) 19(5.2%) 190(53.7%) 14(4.0%) 0.402 0.418
Neutropenia 209(54.7%) 75(19.6%) 173(47.5%) 54(14.8%) 162(45.8%) 67(18.9%) 0.636 0.143
Thrombocytopenia 292(76.4%) 40(10.5%) 250(68.7%) 32(8.8%) 243(68.6%) 28(7.9%) 0.991 0.670
Non-hematological
Anorexia 267(69.9%) 18(4.7%) 219(60.2%) 16(4.4%) 231(65.3%) 9(2.5%) 0.159 0.176
Diarrhea 180(47.1%) 12(3.1%) 156(42.9%) 9(2.5%) 130(36.7%) 11(3.1%) 0.093 0.605
Fatigue 288(75.4%) 20(5.2%) 247(67.9%) 12(3.3%) 245(69.2%) 14(4.0%) 0.697 0.637
Mucositis 108(28.3%) 2(0.5%) 89(24.5%) 1(0.3%) 105(29.7%) 3(0.8%) 0.116 0.303
Nausea 261(68.3%) 8(2.1%) 201(55.2%) 5(1.4%) 191(54.0%) 11(3.1%) 0.734 0.116
Neuropathy 187(49.0%) 14(3.7%) 157(43.1%) 15(4.1%) 144(40.7%) 9(2.5%) 0.505 0.239
Vomitting 121(31.7%) 6(1.6%) 94(25.8%) 8(2.2%) 104(29.4%) 8(2.3%) 0.287 0.955
Chemotherapy population (patients who received at least one cycle of chemotherapy). Data are n (%). PC, perioperative chemotherapy; AC, adjuvant chemotherapy; 
PC-post, adverse events observed in postoperative chemotherapy in the PC group
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