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AbstrACt
Introduction Adjuvant chemotherapy with the CapeOX 
regimen is now widely used for treating colorectal 
cancer. However, prior studies have demonstrated better 
efficacy of pre-operative/neoadjuvant chemotherapy 
without increase of safety risks.
Methods and Analysis This multicentre, open-label, 
parallel-group, randomised, controlled, phase III study aims 
to compare the efficacy and safety of perioperative CapeOX 
chemotherapy with the postoperative one for treating 
patients with locally advanced R0 resectable colon cancers 
in China. In total 1370 eligible patients will be randomised 
to: the test group, up to four cycles (every 3 weeks is a cycle, 
Q3W) of chemotherapy plus radical surgery plus up to four 
cycles of post-operative chemotherapy; or the control group, 
radical surgery first, then up to eight cycles of chemotherapy. 
In each cycle, oxaliplatin will be given at a dose of 130 mg/
m2 through continuous IV infusion for 2 hours on the first day. 
From day 1 to day 14, capecitabine will be taken orally every 
morning and evening at a dose of 1000mg/m2/d. The primary 
outcome measure is the 3-year disease free survival. The 
objective response rate, R0 resection rate, overall survival, as 
well as the adverse events will also be measured as second 
endpoints. The study may include two periods. If results 
of period 1 are not favourable, period 2 will be initiated, 
recruiting genetically sensitive patients and repeating the 
same process with period 1.
Ethics and dissemination Informed consent will be 
required from, and provided, by all subjects. The study 
protocol has been approved by the independent ethics 
committee of Shanghai Fudan University Cancer Centre. 
This study will clearly demonstrate the potential benefit 
of perioperative chemotherapy with the CapeOX regimen. 
Results will be shared among all the participating centres, 
and with policymakers and the academic community to 
promote the clinical management of colon cancer.
trial registration number NCT03125980.

IntroduCtIon  
Colorectal cancer is the third most common 
cancer in men (663,000 cases, 10.0% of the 
total) and the second in women (570,000 
cases, 9.4% of the total) worldwide.1 Each 

year, more than 1.2 million patients are 
diagnosed with colorectal cancer, and more 
than 600,000 die from the disease.2 In China, 
colorectal cancer ranks fifth among all kinds 
of cancers in terms of incidence and mortality, 
and the incidence has been increasing 
slightly year by year over the past decade. The 
gold standard for treating locally advanced 
colorectal cancer now is radical surgery plus 
postoperative 6-months FOLFOX/XELOX 
chemotherapy. This treatment, compared 
to surgery alone, has obviously improved 
disease-free survival and overall survival of 
colorectal cancer patients. A trial comparing 
the 10-year overall survival of patients with 
chemotherapy versus no chemotherapy 
after surgery has demonstrated the superi-
ority of adjuvant therapy (46.9% vs 29.9%,  
P<0.001).3 

However, the postoperative therapy, to some 
extent, delays the systemic chemotherapy 
since it usually takes 3 months from diagnosis 
to starting chemotherapy.4–6 According to 
some professional opinions, one of the main 
reasons for metastasis after surgery is that the 
surgery stimulates and activates growth 
factors that cause rapid growth of the tumour. 
6 The sooner the systemic chemotherapy 
is received, the better suppression it has on 
activity of growth factors, as well as elimi-
nating tiny metastases.7–11 The neoadjuvant 

strengths and limitations of this study

 ► An adequately powered, two-period, randomised 
and controlled trial;

 ► A second period to validate potentially sensitive pa-
tients based on data from the first period;

 ► A limited number of participating centres might limit 
extrapolations of study findings.

http://bmjopen.bmj.com/
http://dx.doi.org/10.1136/bmjopen-2017-017637
http://dx.doi.org/10.1136/bmjopen-2017-017637
http://dx.doi.org/10.1136/bmjopen-2017-017637
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2017-017637&domain=pdf&date_stamp=2019-01-29
NCT03125980
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chemotherapy, provided before the radical surgery, may 
suppress tumour growth factors and decrease progression 
of micro-metastases.12 Another potential advantage of 
neoadjuvant chemotherapy is that it may shrink the inva-
sion of the tumour, and thus reduce operational trauma 
and expedite recovery.13 This makes it more possible for 
patients to tolerate and receive large dosages for chemo-
therapy after the surgery.4 An increasing number of 
clinical trials have demonstrated even better efficacy of 
perioperative chemotherapy and radiotherapy than post-
operative ones on locally advanced esophageal cancer, 
gastric cancer and rectal cancer.14–16 Feasibility and safety 
were also proved in some preliminary studies on the effi-
cacy and safety of neoadjuvant chemotherapy for locally 
advanced colorectal cancer.12 17–20

Unfortunately, the universal acceptance of neoadju-
vant chemotherapy has been challenged by the clinical 
concerns that non-sensitive patients may have disease 
progression due to the delay of radical surgery and that 
incorrect computed tomography (CT) staging may lead 
to the overtreatment of low-risk patients. A crowd of clin-
ical trials have showed no progression was developed in 
the process of the neoadjuvant chemotherapy.7 12 19 More-
over, the precision of pre-operative intestinal CT staging 
is proved in many imaging trials to be 41% to 82%.21–25 As 
shown in a trial conducted by Smith,25 pre-operative CT 
staging can provide accurate prognosis for non-metastatic 
colon cancer patients, and the accuracy is the same with 
that of histopathology. The researchers also suggested 
that pre-operative CT assessment of prognosis is helpful 
in identifying patients with poor prognosis and thus 
offering them neoadjuvant chemotherapy. On the other 
hand, continuous development of imaging, such as oral 
and enema contrast agent, makes pre-operative staging of 
colon cancer more precise,25 and so unnecessary chemo-
therapy can be avoided for low-risk patients.

The world is waiting for published results from phase III 
trials on neoadjuvant chemotherapy for locally advanced 
colorectal cancer. Very few phase III trials can be found 
registered on the international site of clinical researches. 
In China where there are a large number of patients with 
locally advanced colon cancer, not many data from large-
scale clinical trials have been published with respect to the 
neoadjuvant chemotherapy. The phase II trial conducted 
at Fudan University Shanghai Cancer Centre has yielded 
encouraging results (N=47, CapeOX regimen,  clinical-
trials. gov NCT02415829): after the neoadjuvant chemo-
therapy, no subject had disease progression and 68.1% 
subjects reached complete or partial response. Besides, 
the toxicity of neoadjuvant chemotherapy was accept-
able. Based on those preliminary efficacy and safety 
data, we proposed to perform this prospective phase III 
randomised controlled trial with the expectation to find 
out a more effective treatment for patients with locally 
advanced colorectal cancer.

One of the factors that may impact the efficacy of 
therapy on end-stage colon cancer patients is the muta-
tion of mismatch repair gene (MMR) (MLH1, MSH2, 

MSH6, PMS2). Researchers have found that non-polyp-
osis colon cancer demonstrated high rates of mutations, 
particularly in regions of short tandem repeats (named 
microsatellites), a phenomenon referred to as replica-
tion error or microsatellite instability (MSI).26–31. MSI 
has been shown to be correlated with better prognosis in 
patients with colorectal cancer.32 MSH6 protein expres-
sion in pretreatment biopsy tissue is an independent 
predictor for overall survival and MSH6 expression in 
resection specimens is an independent predictor for local 
recurrence in our analysis. Moreover, a trend for a better 
disease-free survival rate was observed in tumours with 
high expression of MSH2.33 In our study design, we will 
take into consideration the mismatch repair gene, and 
will screen out sensitive patients for a second period of 
trial if the first period fails to find superiority of neoadju-
vant chemotherapy.

MEthods And AnAlysIs
study design
This phase III trial is to compare the efficacy and safety 
of perioperative adjuvant chemotherapy CapeOX versus 
postoperative chemotherapy CapeOX in patients who are 
diagnosed through CT with T4 or N+ resectable colon 
cancer. It is hoped that the neoadjuvant systemic chemo-
therapy will lead to better clinical efficacy than the adju-
vant chemotherapy by shrinking the tumour, lowering its 
staging, eliminating tiny metastases, and so on. The study 
will be conducted in about six study centres in China as 
a multicentre, randomised, open-label, parallel-group, 
active controlled superiority trial. This study adopts the 
Adaptive Signature Design, 34 and is allowed to have two 
periods. The study phase scheme is shown in figure 1, and 
the flow chart is summarised in figure 2.

After the first period, an interim analysis, under 
the supervision of the Independent Data Monitoring 
Committee (IDMC), will be performed to analyse the 
3-year disease-free survival (3YDFS), as well as the overall 
survival, safety data, and so on. The IDMC will provide 
recommendations of go or not-go on period 2. If superi-
ority of the neoadjuvant chemotherapy is identified and 
proved, the investigators will terminate the trial. Other-
wise, new subjects will be recruited, and gene testing will be 
conducted to screen out sensitive patients for the second 
period of trial. Approximately 994 eligible subjects will 
be recruited in the first period, and approximately 376 
subjects in the second period. Each of the two periods 
of the study may take up to 5 years, and consists of three 
consecutive parts for every subject: a 2-week screening 
and randomisation period; a 7 to 8 months’ open-label 
treatment period; as well as relapse and survival follow-up 
of up to 4years.

The trial is planned to start in the middle of May 2017, 
and will necessitate a recruitment period of 2 to 3 years. 
After the screening, patients who are diagnosed with R0 
resectable T4/N+ colon cancer and have provided written 
informed consent will be recruited for further eligibility 



3Liu F, et al. BMJ Open 2019;9:e017637. doi:10.1136/bmjopen-2017-017637

Open access

assessment. Eligible patients will then be allocated to 
the test group or the control group randomly at a 1:1 
ratio and start receiving treatment immediately. Before 
the initiation of treatment, the biopsy procedure will be 
conducted for immunohistochemistry, and data of DNA 
MMR gene, MSI or RAS/BRAF will be collected. Biolog-
ical specimens obtained in radical surgeries will also be 
used for immunohistochemistry test. Relevant data will be 
analysed to find out the potentially sensitive genes, based 
on which the patient screening in period 2 (if necessary) 
will be conducted.

Subjects in the test group will be given systemic CapeOX 
chemotherapy at first for up to four cycles (every 3 weeks 
is a cycle, Q3W), then have the radical surgery and rest for 
at least 4 weeks. Thereafter, they will receive postoperative 
CapeOX chemotherapy for at most four cycles (Q3W). 
Subjects in the control group will take the radical surgery 
first, and will then, after at least 4 weeks of rest, receive 
CapeOX chemotherapy for up to eight cycles (Q3W). In 
each cycle of chemotherapy, oxaliplatin will be given at a 
dose of 130 mg/m2 through continuous IV infusion for 
2 hours on the first day. From day 1 to day 14, capecit-
abine will be taken orally every morning and evening at 
a dose of 1000mg/m2/d. The regimen is administered 
according to the NCCN guidelines for colon cancer.35 
After the study treatment, long-term follow-up via outpa-
tient visits and telephone visits will be performed for 
survival and tumour assessment.

The study data will be recorded by investigators in case 
reports (CRF), which will be reviewed and collected by 
independent data managers who do not participate in 
the clinical practice. CRFs will be stored by the sponsor/
research coordinator.

The study has been registered and the registration is  
ClinicalTrials. gov number, NCT03125980.

Patients
Patients should be diagnosed through CT scan with R0 
resectable T4/N+ colon cancer. Specifically:
1. T staging:

T3: Rough intestinal wall(s) around the tumour.
T4a: Adjacent peritoneal nodular thickening.
T4b: Invasion of adjacent viscera.

2. N staging
a. Three lymph node aggregation.
b. The lymph node shows obvious enhancement, or 

inhomogeneous enhancement with rough edge.
c. Only one lymph node larger than 1 cm.

3. Resectability: The lymph node resection is within the 
scope of D3 radical resection. The respectability of 
viscera for T4b patients will be determined through 
multi-disciplinary discussion.

Besides, they shall meet all the following inclusion 
criteria (except for the last one which is applicable only 
to period 2) for being included:

 ►  Age: 18-–75 years’ old;

Figure 1. Phase scheme.
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Figure 2. Flow chart.
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 ► Eastern Cooperative Oncology Group (ECOG) 
performance status (PS) ≤ 2;

 ► Adequate bone marrow, hepatic and renal func-
tion as assessed by the following laboratory require-
ments conducted within 7 days of starting study 
treatment: neutrophil count≥1.5×109/L; platelet 
count≥100×109/L; haemoglobin≥80g/L; serum bili-
rubin≤24umol/L; alanine aminotransferase and 
aspartate aminotransferase ≤ 60×IU/L; ;serum creati-
nine≤110 umol/L;

 ► No current pregnancy or breast-feeding, and 
subjects of childbearing age shall take method of 
contraception;

 ► Be in a condition to receive a surgery/procedure;
 ► No second tumour at present or in the past 5 years, 

except skin basal cell carcinoma, skin squamous cell 
carcinoma or any in situ cancer;

 ► No previous systemic chemotherapy for treating colon 
cancer;

 ► No other chemotherapy at the same time;
 ► Expected lifetime longer than 3 months;
 ► Be willing and able to understand the study and to 

provide written informed consent.
 ► Other clinical factors (CEA) will also be considered 

for suspicious T4b patients, especially those with only 
one lymph node metastasis;

 ► Genetically sensitive to the chemotherapy (only for 
period 2);

Patients with any of the following conditions will be 
excluded from the study:

 ► End-stage cachexia patients;
 ► Cardiopulmonary dysfunction or liver and kidney 

dysfunction, and unable to tolerate CapeOX 
chemotherapy;

 ► Metastatic carcinoma;
 ► Moderate or above anaemia caused by serious local 

tumour bleeding;
 ► Incomplete or complete intestinal obstruction;
 ► Preoperative abscess formation;
 ► Known to be allergic to oxaliplatin or capecitabine;
 ► Active hepatitis, severe coagulation disorder patients;
 ► Pregnant or lactating women; or women who have 

fertility but have not taken adequate contraceptive 
measures;

 ► Known to have deficient dihydropyrimidine dehydro-
genase (DPD);

 ► Have vital organ failure or other severe diseases, 
including, but not limited to, coronary heart disease, 
cardiovascular diseases or myocardial infarction within 
12 months before being included; severe neurological 
or psychiatric history; severe infection; active dissemi-
nated intravascular coagulation;

 ► Unable or unwilling to abide by the study plan.

Withdrawal management
Subjects can decide to withdraw from the study at any 
time for whatever reason of their own. Visits and assess-
ment will also be provided for withdrawal patients. 

Investigators, on the other hand, can exclude patients 
who are affected by another disease, or cannot tolerate or 
suppress treatment-related toxicity, or have poor compli-
ance or had better withdraw for the best medical profit. 

Investigators are obliged to clarify reasons for with-
drawal, and to confirm with subjects whether they would 
like to continue being contacted and providing survival 
data. Withdrawal reasons shall be recorded in case reports 
(CRF).

Unnecessary withdrawal will be avoided. Withdrawal 
patients are not allowed to participate in this trial any 
more.

Premature termination
The study may stop early under any of the following 
circumstances:

 ► Efficacy of the experiment group equals to, or worse 
than, the control group;

 ► Safety data are found to be unacceptable in the middle 
of the trial.

Investigators will assess all the subjects within at most  
1 month after the decision is made for premature termi-
nation. All distributed but yet unused drugs and materials 
for the trial must be returned, and all the CRF must be 
completed as soon as possible.

recruitment process
All study sites will participate in screening and recruiting 
patients, each of whom will be assigned a unique iden-
tification number. Patients screened out will be evalu-
ated for eligibility according to inclusion and exclusion 
criteria by oncologists at the very site. All of the patients 
are outpatients.

randomisation process
Randomisation will be conducted immediately after 
recruitment. Eligible subjects will be randomised into 
either the neoadjuvant group or the adjuvant group at 
a 1:1 ratio, and a second randomisation is not allowed 
for any patient. A stratified block randomisation will be 
adopted, and the sizes of blocks will vary randomly so 
as to avoid the predictability. To ensure a good balance 
between groups for distribution of important prognostic 
factors, stratification will be conducted as per:

 ► Study centre: one centre is a level;
 ► T staging: the level of T4 versus a level of non-T4;
 ► N staging: the level of N+ versus a level of non-N+;
 ► Primary tumour site: the level of left splenic flexure 

versus the level of right splenic flexure.
Random assignment is generated by an independent 

statistician from Shanghai Knowlands MedPharm 
Consulting Co., Ltd and assigned to each eligible patient 
via an interactive web-based response system. In order to 
avoid potential selection bias, the sequence is concealed 
from both clinical staff and patients until assignment.

All clinical practices after randomisation shall be 
recorded in CRF and shall be taken into consideration 
for analysis, no matter whether the randomised patients 
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receive the study treatment or not. Study patients will not 
be treated without randomisation.

description of the intervention
Test group
Patients in this group will be first given chemotherapy, 
then radical surgery and chemotherapy again after the 
surgery. Chemotherapy both before and after the surgery 
will use the CapeOX regimen at the same dosage for at 
most four cycles each, specifically:

 ► Oxaliplatin 130 mg/m2 iv continue for 2 hours.D1;
 ► Capecitabine 1000mg/m2/d PO Bid, once every 

morning and evening. D1-14;
 ► Repeat every 3 weeks (Q3W).
After the surgery, patients have to take rest for at least 4 

weeks before receiving chemotherapy. The chemotherapy 
is administered in accordance with the NCCN guideline 
for colon cancer.35 However, dosage can be modified and 
therapy can be delayed for at most 4 weeks for tolerance 
of, and recovery from, toxicity. During the pre-opera-
tive chemotherapy, a procedure will be provided in case 
of cancer progression, acute intestinal obstruction or 
perforation.

Medications used for both groups during study come 
from routine treatment, and require no extra package, 
labelling or storage.

Control group
Study patients in the control group will receive radical 
surgery first, and then rest for at least 4weeks. Thereafter, 
they will receive systemic chemotherapy with the CapeOX 
regimen for at most eight cycles. The chemotherapy is 
administrated in the same dosage with the test group.

The medication for study treatment will be recorded 
in CRF.

Adherence will be assessment at each study visit. Warn-
ings will be given by investigators to subjects with poor 
adherence. Investigators are responsible for drug inven-
tory management.

The surgical quality is secured for each group. The 
surgeons who will perform the surgical procedure at all 
the sites are highly experienced senior titles, that is chief 
physician or associate chief physician. Besides, quality 
control will be carried out through the pathological 
reports in terms of the number of lymph node dissection 
and circumferential resection margin, etc.

study vIsIts
To ensure adequate follow-ups and assessment, study 
visits are planned based on the study design and specific 
to the disease treatment:

 ► At baseline: diagnosis of colon cancer confirmed by 
histopathology examination: chest CT scan, abdomen 
CT scan and/or enhancement, abdominal/pelvic CT 
/MRI (scan+enhancement), tumour markers (carci-
noembryonic antigen CEA, CA199, CA242, CA724, 

CA50, alpha-fetoprotein AFP), biomarkers (MLH1, 
MSH2, MSH6, PMS2), ECOG score, and so on.

 ► During chemotherapy: haematology (white blood 
cells, neutrophils, platelet count, haemoglobin, and 
so on) once or twice every week; biochemistry (total 
bilirubin, alkaline phosphatase, AST, ALT, electro-
lyte [Na+, K+, CL-, Mg2+, Ca2+]), serum creatinine, 
creatinine clearance, urea, total protein, albumin) 
every 1 or 2 weeks; vital signs, haematology, biochem-
istry and tumour markers 3 days before each cycle; 
and CT scan every two cycles during neoadjuvant 
chemotherapy, and radical surgery will be performed 
in case of progression;

 ► After surgery: vital signs, wound healing, infection, 
inflammation, bleeding and complications on a daily 
basis; haematology and biochemistry on day 1, 3 and 
5; biomarkers; and tumour markers and tumour 
assessment in week 4;

 ► After study treatment: check the following items every 
3 months in the first 2 years, every 6 months from 
the third year through the fourth year, and every 12 
months from the fifth year, until cancer regression 
or death: haematology and biochemistry, tumour 
markers, chest CT scan, abdominal/pelvic CT/MRI 
(scan + enhancement), tumour markers, and so on.

 ► Other post-operative follow-ups for primary colorectal 
cancer: electronic colonoscopy within 1 year after 
radical surgery; if abnormal, recheck within 1 year, 
otherwise, recheck every 5 years. More frequent colo-
noscopy check-up for subjects who are diagnosed 
with colon cancer at younger than 50 years. Colonos-
copy check-up within 3 to 6 months after surgery for 
subjects who cannot take colonoscopy due to obstruc-
tion before the surgery.

All adverse effects happening or found during visits will 
be followed up until recovery, so will cancer-related symp-
toms until the first documented tumour progression.

No further anti-tumour therapy will be given until 
tumour progression.

outCoME MEAsurEs
All of the baseline, in-treatment and follow-up evalu-
ations will be performed by experienced investigators 
during the study. The primary outcome measure is 
3YDFS, defined as the length of time from the date of 
randomisation until the first documented date of relapse. 
The relapse will be judged by two experienced imaging 
experts based on results of such imaging tests as chest CT, 
abdominal-enhanced CT or enhanced MRI and PET scan 
in combination with physical examination and tumour 
marker examination. Puncture check or biopsy can be 
used if necessary.

In order to further assess the efficacy of the neoadju-
vant chemotherapy, we will also measure the objective 
response rate by assessing the lesion shrinkage through 
CT scan before the surgery as per the RECIST version 
1.1 – measurable lesions.36. After surgery, R0 resection 
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rate (defined as the rate of patients whose tumours are 
completely resected with all the margins being negative) 
and TRG staging (defined as the TRG staging of tumour 
after surgery in line with AJCC) will be examined. Assess-
ment of overall survival (defined as the length of time 
from randomisation date until the date of death from any 
cause) will also be performed.

Safety of the therapy will be evaluated through assessing 
adverse events according to the National Cancer Institute 
Common Terminology Criteria for Adverse Events (NCI 
CTCAE, VERSION 4.0).37 Any known serious adverse 
events must be reported by the investigator(s) to the 
sponsor/coordinator. A non-serious adverse event shall 
be reported within 5 working days, for which the report 
shall be signed and sent to the inspector or sponsor/coor-
dinator. Analysis of adverse events (AEs) related to addi-
tional radiological imaging in the neoadjuvant group and 
genetic testing will be closely monitored.

sample size calculation
Based on Curran et al’s estimation,38 the sample size 
calculation for this study has taken into consideration the 
adjustment of testing significance level. Nominal signifi-
cance levels are allocated at two-sided alpha levels of 0.04 
and 0.01 for study period 1 and 2 respectively.34 39 The 
primary outcome measure is 3YDFS.

Sample size calculation for period 1
Supposing that the 3YDFS of the study population is 
60% with the adjuvant chemotherapy and will increase 
9.2% (from 60% to 69.2%) with the neoadjuvant 
chemotherapy, 318 events of death or progression will 
be required to observe, and the treatment comparison 
will be powered at 80% to establish differences for the 
primary endpoint, at a two-sided nominal significant level 
of 4.0% (corresponding to HR=0.72). Sample size shall 
be 10% larger due to the possibility of drop-out. There-
fore, a total of 994 subjects (497 subjects per group) will 
be enrolled and randomised to the test and the control 
group at a 1:1 ratio.

Sample size calculation for period 2
Assuming that the 3YDFS is 17.5% higher among sensi-
tive subjects in the neoadjuvant chemotherapy group 
(test group), 106 events of death or regression will be 
observed. Differences can be identified with 80% power 
through the log-rank test at a two-sided nominal signifi-
cant level of 1.0% (corresponding to HR=0.50). A total of 
376 potentially sensitive subjects (188 subjects per group) 
will be enrolled and randomised during this period.

stAtIstICAl AnAlysIs
The primary outcome measure of this study is the 3YDFS, 
which will be analysed according to the intention to treat 
(ITT) principle through the two-sided log-rank test after 
the stratification factors are adjusted. The non-stratified 
log-rank test will also be conducted. Kaplan-Meier curves 

and estimates including median survival and confidence 
interval (CI) will be provided for each group. The 3-year 
and 5-year overall survivals will be analysed for both of 
the groups. Efficacy will be also demonstrated through 
hazard ratio with the use of the Cox proportional hazard 
model as appropriate. The plot of log-negative-log of the 
Kaplan-Meier estimates of the survival function versus 
the log of time and Schoenfeld residual versus time were 
used to visually check the proportional hazards assump-
tion. 40

Subgroup analysis will be performed if necessary with 
respect to efficacy targets. Subgroup stratification factors 
may include other important prognostic factors, such 
as organ function preservation for T4b patients and 
surgery quality (completeness of resection, quality of 
total mesorectal excision and edges after surgery), which 
will be determined in the statistical analysis plan (SAP). 
Hazard ratios and CIs of survival variables may be further 
presented with forest plots.

Safety will be analysed for all subjects receiving the 
study treatment. Summary statistics will be provided 
for AEs, which will be graded according to the criteria 
of NCI CTCAE V4.0. AEs of level 3 to 4 or with an inci-
dence of 10% or higher will be listed and summarised, 
and between-group comparison of differences in AE inci-
dences between the two groups will be performed through 
the two-sided Fisher test as appropriate. The Fisher test 
will also be considered for comparing study treatment 
interruption, delay and risk of death from toxicity due to 
AEs. Summary tables will be provided to describe contin-
uous changes from baseline by treatment and visit. A shift 
table will also be provided for categorical laboratory 
parameters.

Logit model (machine learning will be adopted if 
applicable) will be set up to screen expressions of MMR 
(MLH1, MSH2, MSH6, PMS2), RAS and BRAF gene, 
based on which sensitivity to the neoadjuvant chemo-
therapy will be assessed.34 Parameters for screening out 
sensitive subjects will be calculated using relevant data 
obtained during period 1 by cross-validation.

The Logit model is constructed as below:

  Logit(pi) = µ + λjti + βjtixi,j  

Where, pi: probability of 3YDFS; λ: main effect of 
treatment; t: group (ti=1 represents the test group; ti=0 
represents the control group); β: interaction effect of 
the specific group with the genetic expression; and x: the 
expression of the gene being assessed. If β is statistically 
significant on specified test level (η), the specific gene 
will be considered as being sensitive to treatment. The 
value of the specified test level is 0.1.

Only those who meet both the sensitivity and inclu-
sion criteria will be recruited and randomised in period 
2.

R, version 3.1.1 and SAS software, version 9.2 (SAS 
Institute, NC, USA) will be used for the statistical analysis.
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Ethics and dissemination
Ethical considerations
This study will be performed in accordance with the 
Declaration of Helsinki, without causing any extra harm 
or risks to patients. The protocol has been approved by 
the independent ethics committee of Fudan University 
Shanghai Cancer Centre for all the six centres (Approval 
No. 1703170-6). Written informed consents are required 
for patients to be enrolled.

relevance and dissemination
The present phase III study aims at comparing the efficacy 
and safety of neoadjuvant CapeOX chemotherapy with the 
adjuvant chemotherapy for patients with locally advanced 
resectable colon cancer. There are only a handful of 
studies of its kind, without any published results available. 
Our adequately-powered randomised controlled trial, 
with two periods and more subjects (n=994 for period 
1; n=376 for period 2), will be conducted in six centres  
with an expectation to demonstrate clear benefit of the 
perioperative chemotherapy with the CapeOX regimen.

First of all, the neoadjuvant chemotherapy is expected 
to be more effective than the adjuvant one for treating 
locally advanced colon cancer patients without raising 
risks or toxicity. The locally relapse and intraperitoneal 
implantation of colon cancer after surgery are closely 
related to the fallout and seeding of cancer cells during 
operation and the local resection degree. Chemotherapy 
before the surgery can shrink the tumour, and may 
reduce fallout of cancer cells41 and the rate of incomplete 
resection (Non-R0).42.Residual tumours from non-R0 
resection are probably more aggressive and less sensitive 
to systemic chemotherapy.43 44 There are no such risks 
with perioperative chemotherapy, and patients success-
fully receiving neoadjuvant chemotherapy are in a better 
condition for postoperative recovery13 and for larger 
dosages of adjuvant chemotherapy.4 Efficacy assessment 
of pre-operative chemotherapy may provide guidance for 
clinicians for optimised postoperative medication.

Second, data collected from this study can address 
the following concerns from clinical practices: whether 
the pre-operative CT staging is accurate enough to 
correctly identify different risks of patients in order 
to avoid overtreatment for low-risk patients; whether 
patients will develop progression or need emergency 
operation because of intestinal obstruction during 
pre-operative therapy; and whether the neoadjuvant 
chemotherapy is as safe as, or even safer than, the 
adjuvant one. Some trials have provided preliminary 
answers for those concerns. Hardly any patients develop 
progression during neoadjuvant chemotherapy,7 12 19 
and the accuracy of preoperative CT staging is 41% to 
82%.21–25 The single-arm randomised phase II study 
(n=47) conducted at Fudan University Shanghai Cancer 
Centre showed that no subjects had progression during 
preoperative chemotherapy with CapeOX, and 68.1% 
reached complete or partial response.45 However, more 

evidence and data are needed from larger-scale and/or 
phase III trials.

Moreover, this trial, adopting the Adaptive Signature 
Design,34 will probably identify factors that impact the 
sensitivity of patients to CapeOX chemotherapy. Preci-
sion medical care has proved that only patients with 
certain mutations respond to a specific therapy. Muta-
tions are considered in the second period of this trial, 
which will be conducted if the comparison in the first 
period fails to demonstrate a clear benefit of the neoadju-
vant chemotherapy.

In summary, the neoadjuvant chemotherapy with 
the CapeOX regimen might be superior to the adju-
vant one with respect to efficacy for patients with locally 
advanced colon cancer. The study findings will be 
shared with participating hospitals, policymakers and 
the academic community via conferences, data report 
and/or publication in order to promote the clinical 
management of locally advanced colon cancer in China 
and worldwide.
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