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Background: In a Phase II clinical trial, we reported the effectiveness and safety of a sandwich 

neoadjuvant treatment based on a modified oxaliplatin plus capecitabine (XELOX) regimen 

for locally advanced rectal cancer (LARC). The pathologic complete response (pCR) rate was 

42.2%, and no patient presented Grade 4 acute toxicities. This study was performed to evalu-

ate whether the high pCR rate could translate into an improved long-term survival benefit by 

analyzing the 5-year follow-up results of the trial.

Methods: Fifty-one patients with LARC were initially enrolled in the trial. Of these, 2 cases 

were eliminated due to distant metastasis before treatment. In addition, 4 cases were eliminated 

for refusing surgery after neoadjuvant chemoradiotherapy (NACRT). Finally, a total of 45 patients 

were treated with the sandwich NACRT plus total mesorectal excision. We followed up these 

patients and calculated their overall survival (OS) and disease-free survival (DFS) through a 

Kaplan–Meier approach. A log-rank test and multivariate survival analysis based on a Cox pro-

portional hazard model were performed to explore the risk factors influencing distant metastasis.

Results: The median follow-up time was 60.8 months, and among the 45 patients analyzed, 1 

(2.2%) patient suffered local recurrence, and 9 (20.0%) suffered distant metastasis. The 3-year 

OS and DFS were 95.6% and 84.4%, respectively. In addition, the 5-year OS and DFS were 

91.1% and 80.0%, respectively. In the multivariate analysis, postsurgical pathological N stage 

and carbohydrate antigen 19–9 before treatment maintained statistical significance on distant 

metastasis.

Conclusions: The sandwich NACRT with XELOX regimen might reduce distant metastasis 

and improve the survival of LARC patients. However, long-term benefits should be verified 

through further Phase III clinical trials.

Keywords: rectal neoplasms, neoadjuvant chemoradiotherapy, locally advanced, neoadjuvant 

therapy, prognosis

Introduction
Currently, neoadjuvant chemoradiotherapy (NACRT) plus total mesorectal excision 

(TME) is a standard mode of treating locally advanced rectal cancer (LARC).1 Because 

preoperative radiotherapy has been proven to reduce the local recurrence rate of LARC 

patients,2,3 the reducing effect becomes particularly more remarkable in combination with 

chemotherapy.4,5 However, unfortunately, the major cause of treatment failure is still dis-

tant metastasis, from which ~27.6% of LARC patients eventually die.6 To further improve 

survival, it is thus necessary to intensify systemic therapy that could eliminate distant 
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metastasis. A number of clinical trials previously attempted 

to apply adjuvant chemotherapy after NACRT and TME. 

However, the value of adjuvant chemotherapy still remains 

uncertain.7,8 Moreover, adjuvant chemotherapy was proven to 

substantially increase severe toxic effects in LARC patients.7,9

Approaches have also sought to modify the NACRT 

regimen to maximize systemic control and minimize adverse 

effects. For example, after the German CAO/ARO/AIO-04 

Phase III trial added oxaliplatin to fluorouracil-based NACRT 

and demonstrated a better pathologic complete response 

(pCR, 17% vs. 13%).10, oxaliplatin became one of the first-

line treatments selected for LARC patients. Nevertheless, 

in some other Phase III trials, oxaliplatin combined with 

5-fluorouracil (5-FU) or capecitabine appeared to result 

in more toxicities but not better treatment efficacy.11,12 In 

a Phase II trial, we attempted to modify the sequence of 

NACRT based on oxaliplatin. We developed a sandwich-type 

NACRT based on an optimized XELOX (oxaliplatin plus 

capecitabine) regimen administered prior to, concurrently 

with, and following radiation therapy13 and a satisfactory 

short-term curative effect was achieved. The rates of pCR and 

multivariate regression were 42.2% and 40.0%, respectively. 

In addition, the toxicities were tolerable, and the incidence 

of Grade 3/4 toxicities was 2.0%–10.2%. This study aimed 

to report the 5-year follow-up results of our Phase II trial 

and evaluate whether the high pCR and low toxicity rates 

obtained by the sandwich-type NACRT in LARC patients 

can translate to improve long-term survival benefits.

Patients and methods
inclusion criteria
The trial design, inclusion criteria, treatment strategies, and 

outcome variables were previously published in detail.13 In 

brief, patients with pathologically diagnosed, non-metastatic, 

and resectable LARC were enrolled in the trial between 

 January 1, 2012, and December 31, 2012. The inclusion 

criteria were as follows: 1) the inferior margin within 12 

cm of the anal verge; 2) a clinical stage of Stage II or III, 

according to the seventh edition of the Union for International 

Cancer Control/American Joint Committee on Cancer TNM 

classification;14 3) age at diagnosis of 18–75 years old; and 

4) Eastern Cooperative Oncology Group performance status 

≤2. Patients were excluded for recurrent rectal cancer, prior 

radiation therapy to the pelvic region, or previous diagnosis 

of other malignancies. All patients were required to undergo 

a CT scan of the chest and abdomen, an MR scan of the 

pelvis, and measurement of serum tumor markers, such as 

carcinoembryonic antigen (CEA) and carbohydrate antigen 

19–9 (CA19-9).

Before treatment, all patients received detailed oral and 

written information on the treatment protocol and possible 

adverse effects and then signed an informed consent form. 

The trial was approved by the Sun Yat-sen University Cancer 

Center and conducted in accordance with the Declaration 

of Helsinki.

Treatment 
Radiotherapy
All patients were immobilized in a prone position using an 

AIO Bellyboard and Pelvic Solution System (AIO Solution; 

Orfit Industries, Wijnegem, Belgium). Volumetric-modulated 

arc therapy was the irradiation treatment modality used 

in this study. After a CT-based simulation, target volumes 

were delineated according to the guidelines of the Interna-

tional Commission on Radiation Units and Measurements 

reports 50 and 62. Gross tumor volume (GTV) included the 

Figure 1 Treatment schedules of the sandwich neoadjuvant treatment in laRC.
Abbreviation: laRC, locally advanced rectal cancer.
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 macroscopic tumor and enlarged lymph nodes, as visualized 

on CT or MR images. The clinical target volume (CTV) 

covered the GTV with a radial margin of 2 cm and included 

high-risk regions of lymphatic drainage. Radiotherapy was 

conducted by conventional fractionation (2 Gy per fraction, 1 

fraction per day, 5 days per week), in which the total dose of 

GTV and CTV were 50 Gy and 46 Gy, respectively (Figure 1).

neoadjuvant chemotherapy (naCT)
The XELOX chemotherapy regimen was used in sandwich 

NACRT and was repeated every 21 days. Before radiotherapy, 

all patients received a cycle of standard XELOX chemo-

therapy, in which 130 mg/m2 oxaliplatin was administered 

on day 1, and 1,000 mg/m2 capecitabine was administered 

twice daily from day 1–14.

Radiotherapy began 3 weeks after the first cycle of 

NACT. During radiotherapy, 2 cycles of modified XELOX 

chemotherapy were conducted concurrently. In the modified 

regimen, the dose of oxaliplatin on day 1 was reduced to 100 

mg/m2, but the dose of capecitabine was the same as that on 

the first cycle.

After radiotherapy, the fourth cycle of NACT was supple-

mented with the standard XELOX regimen.

Radical resection and tumor response
All patients planned to receive a radical rectal resection 6–8 

weeks after NACRT. The surgery was performed according 

to the principles of TME. Tumor response was evaluated in 

patients who underwent surgery. Specimens of each patient 

were examined by 2 pathologists who specialized in gastro-

intestinal cancers.

adjuvant chemotherapy
Adjuvant chemotherapy was applied 3–8 weeks after surgery 

in patients who had an R0 resection. A total of 4 cycles of 

chemotherapy was administered with the standard XELOX 

regimen.

Follow-up and endpoints
Outpatient follow-up was conducted every 3–4 months in 

the first 2 years after treatment and, afterwards, semiannually 

until death or September 30, 2017, whichever occurred first. 

Follow-up evaluations mainly involved a complete physical 

examination, digital rectal examination, thoracoabdominal 

CT scan, endoscopic ultrasonography, pelvic MR scan, and 

tests of the levels of CEA and CA19-9.

The primary endpoint was overall survival (OS), which 

referred to the percentage of patients who were alive after 

a certain time period from diagnosis. Secondary endpoints 

were disease-free survival (DFS), local recurrence-free sur-

vival (RFS), and distant metastasis-free survival (MFS). DFS 

was defined as the percentage of living patients without local 

recurrence or distant metastasis after a certain time period 

from diagnosis. In addition, the RFS/MFS ratio was defined 

as the percentage of patients without local recurrence or 

distant metastasis after a certain time period.

statistical analysis
OS, DFS, RFS, and MFS were determined using a Kaplan–

Meier method. A log-rank test was performed to evaluate 

whether the age, preoperative clinical T stage, preoperative 

clinical N stage, preoperative clinical stage, perineural inva-

sion, postsurgical pathological T stage (ypT), postsurgical 

pathological N stage (ypN), and CEA and CA19-9 pretreat-

ment levels were candidate risk factors of distant metastasis. 

Factors that achieved statistical significance were assessed by 

multivariate survival analysis based on a Cox proportional 

hazard model to confirm their independent predictive value.

Statistical analysis was conducted using SPSS Statistics 

19.0 software (IBM Co., Armonk, NY, USA). A 2-sided 

P-value <0.05 was considered statistically significant.

Ethics approval and consent to 
participate
Before treatment, all patients received detailed oral and 

written information on the treatment protocol and possible 

adverse effects and signed an informed consent. The trial was 

approved by the institutional review board of our hospital 

(Sun Yat-sen University Cancer Center) and conducted in 

accordance with the Declaration of Helsinki.

Results
Patient profile
A total of 51 patients were involved in the trial since Decem-

ber 31, 2012. Of these, 2 patients were eliminated due to 

distant metastasis before treatment. The remaining 49 patients 

completed sandwich NACRT. However, 4 of these patients 

were excluded from this study because they had achieved a 

pCR after NACRT and refused the following surgery. Finally, 

45 patients treated with both NACRT and TME were eligible 

for this study (Figure 2). Thirty-three patients received a 

sphincter-saving procedure. R0 resection of the primary 

tumor was obtained in all surgical patients, with negative 

distal and radial margins. The median number of retrieved 

lymph nodes was 5 (range 0–20 nodes) per specimen.
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Among the 45 included patients, there were 36 (80%) males 

and 9 (20%) females. Before surgery, 12 (26.7%) patients had 

clinical stage II disease, and 33 (73.3%) stage III disease. The 

numbers of patients with clinical T2, T3, and T4a diseases 

were 2 (4.4%), 24 (53.3%), and 19 (42.3%), respectively. In 

Figure 2 Patients enrolled in this study.
Abbreviations: naCRT, neoadjuvant chemoradiotherapy; TMe, total mesorectal excision.

Cases excluded for 
distant metastasis 
before treatment (N=2)

51 patients 
enrolled

49 patients receiving 
sandwich NACRT

45 patients 
receiving TME

45 patients 
for analysis

Cases excluded for 
refusal of surgery (N=4)

Table 1 Univariate survival analysis of patients according to different factors

Characteristics 5-year survival (%)

OS P-Value DFS P-Value RFS P-Value MFS P-Value
All patients 91.1 (41/45) 80.0 (36/45) 97.8 (44/45) 82.2 (37/45)
Clinical T stage
cT1-2 100 (2/2) 0.661 50.0 (1/2) 0.309 100 (2/2) 0.819 50.0 (1/2) 0.266
cT3-4 90.7 (39/43) 81.4 (35/43) 97.7 (42/43) 83.7 (36/43)
Clinical N stage
cN0 91.7 (11/12) 0.948 83.3 (10/12) 0.839 100 (12/12) 0.564 83.3 (10/12) 0.680
cN1-2 90.9 (30/33) 78.8 (26/33) 97.0 (32/33) 81.8 (27/33)
Clinical stage
II 91.7 (11/12) 0.948 83.3 (10/12) 0.839 100 (12/12) 0.564 83.3 (10/12) 0.680
III 90.9 (30/33) 78.8 (26/33) 97.0 (32/33) 81.8 (27/33)
Perineural invasion
Yes 100 (1/1) 0.759 0 (0/1) 0.000 100 (1/1) 0.873 0 (0/1) 0.000
No 90.9 (40/44) 81.8 (36/44) 97.7 (43/44) 84.1 (37/44)
Pathological T stage
ypT0 95.2 (20/21) 0.217 85.7 (18/21) 0.816 100 (21/21) 0.135 85.7 (18/21) 0.687
ypT1-2 100 (8/8) 75.0 (6/8) 87.5 (7/8) 87.5 (7/8)
ypT3-4 81.3 (13/16) 75.0 (12/16) 100 (16/16) 75.0 (12/16)
Pathological N stage
ypN0 97.4 (38/39) 0.000 87.2 (34/39) 0.000 97.4 (38/39) 0.776 89.7 (35/39) 0.000
ypN1-2 50.0 (3/6) 33.3 (2/6) 100 (6/6) 33.3 (2/6)
CEA / ng/mL
£5 92.9 (26/28) 0.600 78.6 (22/28) 0.840 96.4 (27/28) 0.463 82.1 (23/28) 0.637

>5 88.2 (15/17) 82.4 (14/17) 100 (17/17) 82.4 (14/17)
CA19–9/ U/mL
£35 91.9 (34/37) 0.680 86.5 (32/37) 0.028 97.3 (36/37) 0.645 89.2 (33/37) 0.017

>35 87.5 (7/8) 50.0 (4/8) 100 (8/8) 50.0 (4/8)

Abbreviations: Ca19-9, carbohydrate antigen 19-9; Cea, carcinoembryonic antigen; DFs, disease-free survival; MFs, metastasis-free survival; Os, overall survival; RFs, local 
recurrence-free survival.

addition, the numbers of patients with clinical N0 and N1–2 

diseases were 12 (26.7%) and 33 (73.3%), respectively. The 

distance between the inferior margin of the tumor and the 

anal verge was 2–12 cm (median: 6 cm). The baseline clinical 

characteristics of the 45 patients are summarized in Table 1.
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Curative effect and toxicities
All 45 patients underwent an R0 resection. Tumor downstag-

ing occurred in 37 (82.2%) patients, including 19 (42.2%) 

with ypT0N0 (pCR).

No patient presented Grade 4 acute toxicities. The 

incidence rates of Grade 3 leukopenia, thrombocytopenia, 

diarrhea, and palmar–plantar erythrodysesthesia were 2.0%, 

10.2%, 8.2%, and 4.1%, respectively.

After follow-up, no patient presented Grade 4 late 

toxicities. Grade 3 late toxicities were mainly diarrhea and 

palmar–plantar erythrodysesthesia. In the first year of follow-

up, 4 (8.9%) patients suffered Grade 3 diarrhea, and 1 (2.2%) 

patient suffered Grade 3 palmar–plantar erythrodysesthesia. 

From the second to fifth year, there was no new case with 

Grade 3 diarrhea or palmar–plantar erythrodysesthesia.

survival analysis
The median follow-up time was 60.8 (21.6–64.7) months. 

There were 4 cancer deaths among the 45 patients treated 

with NACRT and TME. Of those, 2 cases died of pulmonary 

metastasis, 1 case died of hepatic metastases, and 1 died 

of multiple organ metastases (lungs, liver, and bones). The 

3-year OS and DFS of the whole cohort analyzed were 95.6% 

and 84.4%, respectively. In addition, the 5-year OS and DFS 

were 91.1% and 80.0%, respectively. Survival curves of the 

whole cohort are shown in Figure 3A.

Considering the cause of treatment failure, there was 1 

(2.2%) case of local recurrence and 9 (20%) cases of distant 

metastasis. Among the cases of distant metastasis, 4 (8.9%) 

suffered lung metastasis, 2 (4.4%) liver metastasis, 2 (4.4%)  

simultaneous metastasis in the lungs and bones, and 1 (2.2%) 

case suffered simultaneous metastases in the lungs, liver, and 

bones. Distant metastasis and local recurrence data of the 

whole cohort are summarized in Figure 3B.

Through the univariate analysis, perineural invasion, 

ypN+, and high serum level of CA19-9 pretreatment appeared 

to be candidate risk factors affecting distant metastasis 

(Table 1). Multivariate analysis by Cox regression showed 

that ypN+ and high serum levels of CA19-9 pretreatment 

were independent prognostic factors (Table 2).

Discussion
5-FU-based regimens have long been traditional NACRT reg-

imens. However, the short-term curative effect of 5-FU-based 

NACRT is now unsatisfactory, such that the pCR rate is only 

13%–17%, and the R0 resection rate is ~84%–95%.10,15 More-

over, the long-term clinical outcome of 5-FU-based NACRT 

is also very poor (5-year distant metastasis rate: 26%–36%; 

5-year DFS: 68%–72%; and 5-year OS: 66%–76%).6,16

In a meta-analysis performed by An et al that included 4 

trials (STAR-01, ACCORD12/0405, AIO-04, and NSABP 

R-04), there were 1,602 (83.2%) cases with clinical T3–4 

Table 2 Results of multivariate analysis on 5-year DFs and 5-year 
distant MFs

Factor P-Value B HR 95% CI for HR

5y-DFs Perineural 
invasion

0.114 2.333 10.313 0.573–185.530

ypn 0.001 3.045 21.010 3.238–136.323
Ca19-9) 0.005 2.436 11.422 2.054–63.506

5y-MFs Perineural 
invasion

0.129 2.229 9.291 0.521–165.569

ypn 0.002 3.800 44.701 4.153–481.150
Ca19-9 0.006 3.134 22.972 2.506–210.570

Abbreviations: Ca19-9, carbohydrate antigen 19–9; ypn, postsurgical pathological 
n stage; hR, hazard ratio; DFs, disease-free survival; MFs, metastasis-free survival.

Figure 3 Results of follow-up evaluations.
Notes: Panel A: Os, DFs, RFs and distant MFs of the 45 laRC patients treated with naCRT and TMe. Panel B: Distant metastasis and local recurrence rates of the 45 
laRC patients treated with naCRT and TMe.
Abbreviations: DFs, disease-free survival; laRC, locally advanced rectal cancer; MFs, metastasis-free survival; naCRT, neoadjuvant chemoradiotherapy; Os, overall 
survival; RFs, local recurrence-free survival; TMe, total mesorectal excision.
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and 1,158 (60.1%) with clinical N+ in the OX/FU group. The 

authors reported that the distant metastasis rate during the 

perioperative period was reduced (2.9% vs 5.4%, P=0.001) 

when 50–60 mg/m2/week oxaliplatin was added to 5-FU-

based NACRT.17 However, this effect did not translate into a 

long-term benefit. Moreover, there was a simultaneous risk 

of increased toxicity. In the AIO-04 trial, a higher number 

of Grade 3–4 diarrheal and vomiting events were observed 

in patients treated with oxaliplatin plus 5-FU than in those 

treated with 5-FU only. In the STAR-01 trial, the oxaliplatin 

plus 5-FU group was also reported to have a higher incidence 

of Grade 3–4 adverse events than the 5-FU one (24%vs 8%, 

P<0.001).10,12,16,18 Therefore, modifying the NACRT sequence 

might be another option.

Indeed, before this Phase II trial, a number of studies 

attempted to implement chemotherapy before classical 

concurrent NACRT. Chua et al administered 4 cycles of 

chemotherapy with the standard XELOX regimen before 

NACRT. Although improved short-term curative effects 

were observed, compared with concurrent NACRT alone, the 

long-term clinical outcomes of XELOX plus NACRT were 

not obviously improved. The 3-year OS, DFS, and RFS were 

reported as 83%, 68%, and 74%, respectively, and the 3-year 

distant metastasis rate was 26%.19 Nevertheless, Gao et al 

reported the following acceptable incidences of acute toxici-

ties: Grade three thrombocytopenia, 4.8%; Grade 3 diarrhea, 

7.1%; Grade 3 proctitis, 4.8%; Grade 3 radiation dermatitis, 

7.1%; and Grade 4 toxicities, 0.0%.20 In addition, some 

studies also attempted to administer chemotherapy between 

concurrent NACRT and surgery.21–23 Lee et al conducted 1 

cycle of leucovorin plus 5-FU (LF) chemotherapy during the 

surgery waiting period and reported a 3-year OS and DFS of 

86.9% and 79.5%, respectively.21 There was also no obvious 

improvement in the long-term outcomes. In addition, Lee et 

al and Habr-Gama et al reported that the Grade 3–4 toxicities 

of LF chemotherapy were 27.3%–93.0%.21,22

To further improve the long-term outcomes and reduce 

toxicities, we developed a distinct type of NACRT in a 

Phase II trial13 called the “sandwich type” NACRT, which 

involved concurrent NACRT “sandwiched” between 2 cycles 

of standard XELOX chemotherapy, with 1 before and 1 after 

NACRT. Additionally, when irradiation was applied, the dose 

of oxaliplatin was reduced by nearly 20%. We postulated 

that this sandwich NACRT regimen would bring long-term 

survival benefits to the LARC patients for the following 

reasons. First, it had a stronger dose intensity and time 

intensity than previous NACRT methods, which conferred it 

the ability to control potential subclinical distant metastasis 

before treatment. Second, it was inferred that the incidence of 

toxicities depended on the dose of the chemotherapy agents, 

especially the dose during radiotherapy. Lowering the dose 

of chemotherapy during radiotherapy might help reduce the 

toxicities related to concurrent NACRT.

Our Phase II trial indicated that the sandwich NACRT 

conferred an improved short-term curative effect compared 

with previous reports. Moreover, the pCR rate of the trial 

was 42.2%, and the toxicities were well tolerated. No patient 

presented Grade 4 toxicities, and Grade 3 toxicities corre-

sponded to only 2.0%–10.2% of the patients. In addition, 

through this study, a satisfactory long-term outcome was 

found after a relatively long follow-up time. The 3-year 

distant metastasis rate, OS, and DFS (17.8%, 95.6%, and 

84.4%, respectively) were both superior to those of all the 

prior clinical studies. Additionally, the 5-year OS and DFS 

were also ideal (91.1% and 80.0%, respectively). Some 

studies previously proved that the short-term DFS of LARC 

could serve as a surrogate endpoint of long-term OS.24,25 

Therefore, we are confident that a survival benefit after a 

longer follow-up could be achieved.

Indeed, this study had several limitations. First, there was 

no control patient group because the trial was a single-arm 

study. Second, in multivariate analysis, CA19-9 maintained 

statistical significance on distant metastasis. However, 

because of the low number of events, this result could be a 

false positive. Third, the sample size of the trial was relatively 

small. A randomized controlled trial with larger sample sizes 

is needed to verify the results of this study. In fact, consider-

ing the satisfactory result achieved, we are now conducting 

a Phase III clinical trial.

Conclusion
In this study, preoperative sandwich NACRT based on the 

XELOX regimen may confer a good short-term curative 

effect that might reduce distant metastasis and improve 

survival in LARC patients. Moreover, although the results 

from this study require further verification by the Phase III 

clinical trial, this sandwich type of treatment could be well 

tolerated by LARC patients.
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