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Abstract
Background: Curing locally advanced gastric cancer through surgery alone is difficult. Adjuvant and neoadjuvant
chemotherapy bring potential benefits to more patients with gastric cancer based on several clinical trials.
According to phase II studies and guidelines, SOX regimen as neoadjuvant chemotherapy is efficient. However, the
optimal duration of neoadjuvant chemotherapy has not been established. In this study, we will evaluate the efficacy
and safety of different cycles of SOX as neoadjuvant chemotherapy for patients with locally advanced gastric
cancer.
Methods: RESONANCE-II trial is a prospective, multicenter, randomized, controlled phase III study which will enroll
524 patients in total. Eligible patients will be registered, pre-enrolled and receive three cycles of SOX, after which
tumor response evaluations will be carried out. Those who show stable disease or progressive disease will be
excluded. Patients showing complete response or partial response will be enrolled and assigned into either group
A for another three cycles of SOX (six cycles in total) followed by D2 surgery; or group B for D2 surgery (three
cycles in total). The primary endpoint is the rate of pathological complete response and the secondary endpoints
are R0 resection rate, three-year disease-free survival, five-year overall survival, and safety.
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Discussion: This study is the first phase III randomized trial to compare the cycles of neoadjuvant chemotherapy
using SOX for resectable locally advanced cancer. Based on a total of six to eight cycles of perioperative
chemotherapy usually applied in locally advanced gastric cancer, patients in group A can be considered to have
completed all perioperative chemotherapy, the results of which may suggest the feasibility of using chemotherapy
only before surgery in gastric cancer.
Trial registration: Registered prospectively in the World Health Organization International Clinical Trials Registry
Platform (WHO ICTRP) with registration number ChiCTR1900023293 on May 21st, 2019.
Keywords: Locally advanced gastric cancer, Duration of neoadjuvant chemotherapy, S-1, Oxaliplatin

Background
Gastric cancer remains the third leading cause of malignant tumor death both in China and worldwide [1, 2].
The overall five-year survival rate is about 20% [3]. At
present radical gastrectomy is regarded as the only approach to curing gastric cancer. However, about 30% of
patients with gastric cancer have recurrence after receiving radical gastrectomy [4, 5]. Thus it is difficult to
achieve a cure for gastric cancer through surgery alone.
Several randomized controlled trials have evaluated
the efficacy of adjuvant chemotherapy, that is, postoperative chemotherapy, for gastric cancer recently. The
ACTS-GC phase III trial enrolled 1059 patients with
stage II or III gastric cancer at 109 centers throughout
Japan. They were assigned randomly to either the S-1
group for receiving S-1 as adjuvant chemotherapy for 1
year postoperatively or the surgery-only group for receiving surgery alone. The five-year overall survival rates
in the S-1 group and surgery-only group were 71.7 and
61.1% respectively, and the five-year relapse-free survival
rates were 65.4 and 53.1% respectively. S-1 reduced the
risk of death by 33.1% and of relapse by 34.7% [6]. The
CLASSIC trial enrolled 1035 patients at 35 cancer centers in South Korea, China Mainland and Taiwan. Patients with stage II-IIIB gastric cancer who underwent
D2 radical gastrectomy were assigned randomly to adjuvant chemotherapy with eight cycles of capecitabine and
oxaliplatin (XELOX) or observation alone. The results
showed that 27% of patients in the adjuvant capecitabine
and oxaliplatin group and 39% in the observation alone
group had recurrence or died (P< 0.0001) and the estimated five-year disease-free survival rates were 68 and
53% respectively [7]. These two trials from Asia confirmed that adjuvant chemotherapy using S-1 or XELOX
could improve survival in patients with gastric cancer
who had received D2 gastrectomy.
Unlike in Asia, in western countries, neoadjuvant
chemotherapy, that is, perioperative chemotherapy, received widespread interest. The MAGIC trial was the
first study to confirm the efficacy of neoadjuvant chemotherapy in gastric cancer treatment. A total of 503

patients with resectable adenocarcinoma of the stomach,
esophagogastric junction or lower esophagus were enrolled and then assigned to either the perioperativechemotherapy group or surgery group. Three cycles of
preoperative and three cycles of postoperative chemotherapy using epirubicin, cisplatin and fluorouracil (ECF)
were administrated to patients only in the perioperativechemotherapy group, which resulted in a higher fiveyear survival rate than that of the surgery group (36% vs
23%, P=0.009) [8]. Afterwards, the FNCLCC/FFCD 9703
phase III trial was conducted in France to investigate the
benefit of perioperative fluorouracil plus cisplatin (CF)
in resectable gastroesophageal adenocarcinoma. Two
hundred twenty-four patients were randomly assigned to
either the perioperative chemotherapy and surgery group
(CS group) medicated with two or three cycles of CF before surgery and three or four cycles after surgery, or the
surgery alone group (S group) for receiving surgery only.
The results showed that the CS group had a better fiveyear overall survival (38% vs 24%, P=0.02) and five-year
disease-free survival (34% vs 19%, P=0.003) and that the
perioperative chemotherapy significantly improved the
curative resection rate (84% vs 73%, P=0.04) [9]. However, the completion rate of perioperative chemotherapy
in these two trials was relatively low. Later, the FLOT4
trial altered the situation. It aimed to compare the safety
and efficacy of FLOT (fluorouracil plus leucovorin, oxaliplatin and docetaxel) with that of ECF/ECX (epirubicin,
cisplatin and fluorouracil or capecitabine). Seven hundred sixteen patients were enrolled and randomly
assigned to treatment in 38 German hospitals. Results
showed that the median overall survival and chemotherapy completion rate were increased in the FLOT group
(50 months vs 35 months, P=0.012; 46% vs 37%), which
indicated that FLOT could be preferred compared to
ECF/ECX [10].
Although all trials mentioned above had positive findings, the EORTC 40954 study, which was conducted in
Europe, showed no survival benefit for neoadjuvant
chemotherapy. This trial was for the purpose of proving
the superiority of preoperative chemotherapy using
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cisplatin, d-L-folinic acid and fluorouracil. Compared
with the surgery-only group, the neoadjuvant group had
higher R0 resection rate (81.9% vs 66.7%, P=0.036) and
less lymph node metastases (61.4% vs 76.5%, P=0.018).
Survival benefit was not demonstrated after median
follow-up of 4.4 years and 67 deaths (HR 0.84, 95% Cl
0.52 to 1.35, P=0.466). Notably, because of the poor accrual, the trial was terminated and only 144 patients
were randomly assigned in the neoadjuvant arm or
surgery-alone arm (72:72) instead of an estimated total
of 360 patients. The low statistical power, the high rate
of proximal gastric cancer and the better outcome than
expected due to the high quality of surgery were possible
reasons for no survival benefit [11].
Recently, S-1 plus oxaliplatin (SOX) as neoadjuvant
chemotherapy showed relatively high efficacy and
safety in several studies [12–14]. A phase II trial conducted by our medical center demonstrated that neoadjuvant chemotherapy with SOX regimen yielded an
overall response rate of 68.8% and a disease control
rate of 93.8%. The D2 lymph nodes dissection rate
and R0 resection rate in neoadjuvant chemotherapy
group were both higher than those in surgery-only
group [15]. Furthermore, fluoropyrimidine plus oxaliplatin was recommended in the National Comprehensive Cancer Network (NCCN) Guidelines Version
1.2020 Gastric Cancer and the Chinese Society of
Clinical Oncology (CSCO) guidelines for the diagnosis
and treatment of gastric cancer (2019) [16, 17].
Therefore, the SOX is considered to have good application prospects.
It should be noted that the number of cycles of preoperative chemotherapy applied in these studies is not
standardized and two to four cycles seemed to be acceptable based on previous studies [8–10]. So, the
proper duration for neoadjuvant therapy needs to be settled. A randomized phase II trial conducted in Japan enrolled 83 patients with stage III and IV resectable gastric
cancer. They were randomly assigned into two courses
of SC (S-1 plus cisplatin), four courses of SC, two
courses of PC (paclitaxel plus cisplatin) and four courses
of PC. The study found no significant differences between two regimens (P=0.956) or between the two- and
four- course treatments (P=0.723). However, the limitations of the study are the relatively small sample size
and the inclusion of some stage IV patients, which could
lead to the negative result [18].
Based on these findings, the randomized phase III
RESONANCE-II trial was designed to evaluate the efficacy and safety of different cycles of SOX as neoadjuvant chemotherapy for patients with locally
advanced gastric cancer, so as to provide a theoretical
basis for setting an optimal duration of neoadjuvant
chemotherapy.
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Methods
RESONANCE-II trial is a prospective, multicenter, randomized, controlled phase III study which will be conducted in 29 medical centers in China and one medical
center in Korea. Chinese PLA General Hospital is the
lead center. Lin Chen is the trial principal investigator
(PI). All screened patients should state that they are
healthy and have no discomfort, then they will sign the
informed consent. After signing the informed consent,
they will receive consultation from investigator and
examinations. Eligible patients will be registered, preenrolled. Main possible reasons for screening failure
include: (1) The results of physical examination or laboratory tests do not meet the inclusion criteria or meet
the exclusion criteria; (2) Patients withdraw informed
consent or refuse to participate in the research.
Pre-enrolled patients will receive three cycles of SOX.
Then, tumor response evaluation will be carried out according to the Response Evaluation Criteria for Solid
Tumors (RECIST) 1.1 [19]. Those who demonstrate
stable disease (SD) or progressive disease (PD) will be
excluded. Patients achieving complete response (CR) or
partial response (PR) will be enrolled and assigned into
either group A (six cycles of neoadjuvant chemotherapy
with SOX) for another three cycles of SOX followed by
D2 surgery or group B (three cycles of neoadjuvant
chemotherapy with SOX) for D2 surgery. Figure 1
showed the study flow chart. The trial has been approved by the ethics committee of the Chinese PLA
General Hospital, Beijing, China and registered prospectively in the World Health Organization International
Clinical Trials Registry Platform (WHO ICTRP) with
registration number ChiCTR1900023293 on May 21st,
2019. All patients are required to sign the written informed consent.
Primary endpoint: Pathological complete response rate
(pCR%) based on Ryan’s 0–3 pathological tumor regression grade (TRG) system [20].
Secondary endpoints: R0 resection rate, three-year
disease-free survival (3-y DFS), five-year overall survival
(5-y OS) and safety.
The study started in October 2019. Local ethics committee approvals are expected in October 2020, the enrollment of the first patient in November 2020, the last
patient completing the research in November 2027,
database lock in June 2027 and publication in June 2028.
Patient eligibility
Inclusion criteria
 Non-bedridden, aged 18 to 70 years old;
 Eastern Cooperative Oncology Group (ECOG) score

is 0 to 1;
 Histologically confirmed gastric adenocarcinoma;
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Fig. 1 Study Flow Chart

 Have evaluable lesions based on RECIST 1.1;
 Stage III (cT3-4aN1-3 M0, American Joint

Committee on Cancer (AJCC) TNM staging system
8th edition) gastric cancer confirmed by enhanced
computer tomography (enhanced CT) and
laparoscopic exploration (endoscopic
ultrasonography (EUS) and magnetic resonance
imaging (MRI) if necessary);
 The research center and the surgeon have the
ability to complete standard D2 radical
gastrectomy, and the gastrectomy can be tolerated
by the patient;
 Laboratory test criteria: peripheral blood
hemoglobin (Hb) ≥ 90 g/L, neutrophil absolute
count ≥ 3× 109 /L, platelet count (PLT) ≥ 100× 109
/L, alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) ≤ 2.5 times the upper limit
of normal (ULN), total bilirubin ≤ 1.5×ULN, serum
creatinine (SCr) ≤ 1.5×ULN, and serum albumin
(ALB) ≥ 30 g/L;
 Patients with heart disease, echocardiogram showing
that the left ventricular ejection fraction ≥ 50%,
electrocardiogram (ECG) is basically normal within

4 weeks before operation and with no obvious
symptoms are acceptable;
 There is no serious underlying disease that could
lead to an expected life expectancy < 5 years;
 Willing to sign the informed consent for
participation and publication of results.
Exclusion criteria
 Pregnant or lactating women;
 Positive pregnancy test for women in childbearing







age. Menopausal women without menstruation for
at least 12 months can be regarded as women with
no possibility of getting pregnant;
Refusal of birth control during the study;
Prior chemotherapy, radiotherapy or
immunotherapy;
History of other malignant diseases in the last 5
years (except for cervical carcinoma in situ);
History of uncontrolled central nervous system
diseases, which could influence the compliance;
History of severe liver diseases (Child-Pugh class C),
renal diseases (endogenous creatinine clearance rate
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(Ccr) ≤ 50 ml/min or SCr > 1.5 ULN) or respiratory
diseases; Uncontrolled diabetes and hypertension;
Clinically severe heart disease, such as symptomatic
coronary heart disease, New York Heart Association
(NYHA) class II or more severe congestive heart
failure, uncontrolled arrhythmia requiring drug
intervention, or a history of myocardial infarction in
the last 6 months;
History of dysphagia, complete or partial
gastrointestinal obstruction, active gastrointestinal
bleeding and gastrointestinal perforation;
On steroid treatment after organ transplant;
With uncontrolled severe infections;
Known dihydropyrimidine dehydrogenase deficiency
(DPD);
Anaphylaxis to any research drug ingredient;
Known peripheral neuropathy (> NCI-CTC AE 1).
Patients with only disappearance of deep tendon reflex need not to be excluded.

Grouping

All eligible patients will be registered, pre-enrolled and
receive three cycles of SOX. After tumor response evaluation using RECIST 1.1, patients achieving CR or PR will
be enrolled [19]. Then randomization without stratification will be carried out by computer generated allocation
using IBM SPSS Statistics 22, and enrolled patients will
be randomly assigned (1:1) to Arm A or Arm B.
Arm A: Patients will be pre-enrolled and receive three
cycles of SOX. After randomization, patients in Arm A
will receive three more cycles of SOX (six cycles of neoadjuvant chemotherapy with SOX in total) followed by
D2 gastrectomy. After which postoperative chemotherapy will not be recommended.
Arm B: Patients will be pre-enrolled and receive three
cycles of SOX. After randomization, patients in Arm B
will receive D2 gastrectomy (three cycles of neoadjuvant
chemotherapy with SOX in total). After which postoperative chemotherapy using SOX will be recommended.
Intervention
Laparoscopic exploration

Laparoscopic exploration is to detect occult peritoneal
metastases and inspect the primary lesion, liver, diaphragm, pelvic organs, bowel and omentum according
to the standard requirements reported before [21]. Patients with any patterns of distant metastases, suggestive
of distant metastasis (M1), will be excluded from the
trial and recommended to a multi-disciplinary team
(MDT) for further treatment.
Surgery

A standard D2 radical open or laparoscopic gastrectomy
will be planned 3–4 weeks after the last cycle of
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chemotherapy. Laparoscopic gastrectomy will be recommended. The extent of gastric resection and lymphadenectomy will be performed as per the treatment
guidelines [22]. Reconstruction after gastrectomy will be
decided by the surgeon. All operations will be performed
by well trained and experienced surgical team to guarantee the quality of surgery, including harvesting more
than 16 lymph nodes. The surgeon will determine if D2
lymphadenectomy is completed and photos of the surgical field after gastrectomy will be monitored and
reviewed centrally.
Neoadjuvant chemotherapy

The preoperative SOX chemotherapy consists of threeweek cycles of intravenously administered oxaliplatin
130 mg/m2 on day 1 and orally administered S-1 40–60
mg twice a day (BID) on day 1 to 14. The dose of S-1
depends on body surface area (BSA): 40 mg BID for BSA
< 1.25 m2; 50 mg BID for 1.25 m2 < BSA < 1.5 m2; 60 mg
BID for BSA > 1.5 m2. Day 15 to day 21 is the rest
period.
Tumor response and toxicity criteria

Lesions will be evaluated according to the RECIST 1.1
criteria after the third and the sixth cycle of SOX by enhanced CT, EUS, MRI as needed [19]. Toxicities are
measured according to National Cancer Institute Common Toxicity Criteria for Adverse Event (NCI-CTC AE),
version 4.0. AE will be recorded in the AE report form.
Serious adverse events (SAE) are defined according to
the rules of good clinical practice (GCP) and will be reported to the lead center within one working day, after
which other centers will be notified promptly.
Follow-up

After treatment, patients will be examined every 6
months for 5 years, then every 12 months for life. The
follow-up will include enhanced CT/MRI, abdominal
ultrasound, chest X-ray, physical and laboratory examination, according to the schedule (Table 1).
Table 1 Follow-up schedule
Postoperative (years)

1

2

3

4

5

Postoperative (months) 1 6 12 18 24 30 36 42 48 54 60
Body weight
Complete blood count
Biochemical test
Tumor markers

√ √ √

√

√

√

√

√

√

√

√

Abdominal ultrasound

√ √

√

√

√

√

√

√

√

√

√ √ √

√

√

√

√

√

√

√

√

Abdominal CT/MRI
Chest X-ray

√

√

√

√

√

Wang et al. BMC Cancer

(2021) 21:20

Sample size calculation

The primary endpoint of this trial is pCR rate. Based on
the data from previous study, after three cycles of SOX,
the PCR rate is about 7% (p0), and we estimated that
with six cycles of SOX, the PCR rate can be increased to
15% (p). Based on the Z test, the null and alternative hypotheses are H0: p=p0; H1: p≠p0. With the statistical
power of 0.8 (β=0.2), the type I error rate of 0.05 (α=
0.05), when Z > marginal value, the H0 will be rejected
and H1 will be accepted. Using the following formulas
with the sampling ratio is 1:1 and the drop-out rate of
10%, the sample size is set at 262 per arm [23].


z1 − α2 þ z1 − β 2
n ¼ pð 1 − pÞ
p − p0
Each participant center takes 400 to 1000 cases of gastric
cancer per year and about 2% of patients can be enrolled. Thus recruitment can be completed in 2 years.
Statistical analysis

The pCR rate is defined as the rate of patients achieving
pCR. The R0 resection rate is defined as the rate of R0
resection. The DFS is defined as the period from the
time of surgery to recurrence or death. The OS is defined as the period from the time of surgery to death or
last follow-up. Chi-square test will be used to compare
patients’ characteristics, pCR rate and R0 resection rate
between two arms. Survival curves will be estimated by
the Kaplan-Meier method. Survival rate of DFS and OS
will be compared respectively between two arms using a
two-sided log-rank test. Both intention-to-treatment
analysis (ITT, patients who receive any treatment after
enrollment) and per-protocol analysis (PP, patients who
receive all preoperative chemotherapy and surgery) will
be performed. Missing data will be processed using multiple imputation. For loss of follow-up, ITT analysis and
sensitivity analysis will be performed respectively.
Management and quality control

Each participating surgical team performs over 200 gastrectomies with D2 lymphadenectomies. Each researcher
has over 20 years of professional experience. The role of
clinical research organization (CRO) is filled by Beijing
Sinocro PharmaScience Co.,Ltd. The lead center and
CRO will organize periodical training in standard operating procedure (SOP) of gastroscopy, enhanced CT,
EUS, MRI, pathological examination, staging and response evaluation. Local PI will be responsible for staging, observation of D2 completion and identification of
eligible patients. To address interrater disparities, three
researchers will perform the evaluation. The central review for observation and evaluation will be conduct.

Page 6 of 8

CRO will appoint and authorize clinical research associates (CRA) as monitors throughout the trial according
to the SOP. CRA are responsible for regularly monitoring case report forms (CRF), ensuring compliance with
the protocol and GCP regulations, and checking completeness, consistency and accuracy of data. Researchers
will work with CRA to ensure that any problems can be
solved. Through the Electronic Data Capture System
(EDC), the lead center will have the right to obtain all
data and report the results. Other participating centers
will only have the right to obtain the data from their
own centers.
The test drugs will be purchased by the patients at
their own expense according to medical orders, and the
pharmacies of participating centers will be responsible
for distributing them. The patients will take the medicine and make records in the patient diaries, which will
be regularly monitored by CRA.
National Medical Products Administration of China
and Human Genetic Resource Administration of
China will inspect the trial and fulfillment of legal
requirements.

Discussion
The RESONANCE-II study was conducted to evaluate
the efficacy and safety of different cycles of SOX as neoadjuvant chemotherapy for patients with locally advanced gastric cancer. The primary endpoint of the
study is the rate of pathological complete response. A
study evaluated the histopathological tumor regression
in 480 gastric cancer patients who received surgery after
neoadjuvant chemotherapy. The results showed that
complete or subtotal tumor regression was an independent prognostic factor for survival, which suggested that
pathological complete regression could be regarded as a
proper endpoint for neoadjuvant trials in gastric cancer
[24]. Moreover, our study aims to evaluate the efficacy
of preoperative chemotherapy. Using pCR rate as the
primary endpoint instead of survival could reduce the
influence of surgery and postoperative chemotherapy on
the endpoint. Also, less time will be required to get the
primary results. Therefore, we chose pCR rate as the primary endpoint. However, to illustrate the relation between tumor regression and survival thoroughly, further
research is still needed.
In our study, eligible patients will be pre-enrolled and
receive 3 cycles of SOX. Those who achieve CR or PR
will be enrolled and considered as subjects with cancer
that is sensitive to SOX chemotherapy. As for patients
achieve SD or PD, they will be considered as subjects
with tumors that are not sensitive to SOX chemotherapy
and will be excluded. The purpose of this setting is to
answer the question of whether more cycles of preoperative chemotherapy should be applied when it is effective

Wang et al. BMC Cancer

(2021) 21:20

in short-term application. When preoperative chemotherapy shows little effectiveness, other treatments will
be recommended instead of continuing to apply chemotherapy. In addition, pre-enrollment can ensure the
completion of chemotherapy after randomization and reduce the early termination of chemotherapy due to poor
efficacy. Therefore, in our opinion, the design is
appropriate.
The total number of cycles of preoperative and postoperative chemotherapy in most trials is about six to
eight [8–10]. In this study, patients in group A who
receive 6 cycles of neoadjuvant chemotherapy can be
considered to have completed all perioperative chemotherapy. It will be recommended that these patients
could not receive adjuvant chemotherapy with close
monitoring after surgery if there is no evidence of disease progression. Relevant results of group A may suggest the feasibility of applying only preoperative
chemotherapy in gastric cancer.
To avoid bias, uniform inclusion and exclusion criteria
will be applied and randomization will be performed. To
prevent loss to follow-up, investigators will keep timely
and effective contact with patients and provide a userfriendly mobile phone application for patients to contact
investigators and record medications. All radiologists,
endoscopists and pathologists will not participate in any
process relevant to grouping or intervention and they
will not have access to any chemotherapy-related or
surgery-related records. SOPs will be defined and used
with sufficient training. The CRO will monitor throughout the project.
To the best of our knowledge, this study is the first
phase III randomized trial to compare the cycles of neoadjuvant chemotherapy using SOX for resectable locally
advanced cancer. Due to the relatively high efficacy and
safety of SOX neoadjuvant chemotherapy, it can be
widely used for treatment of resectable locally advanced
gastric cancer. We hope that the results of this trial can
provide theoretical basis for setting an optimal duration
of neoadjuvant chemotherapy.
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