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Abstract. The purpose of this study was to compare the
efficacy and safety of capecitabine and oxaliplatin (XELOX)
with 5-fluorouracil, folinic acid and oxaliplatin (FOLFOX6)
for advanced gastric cancer following total gastrectomy. We
performed a retrospective study of 148 gastric cancer patients
undergoing total gastrectomy combined with adjuvant chemo-
therapy from January, 2003 to June, 2009. The follow-up lasted
until December, 2010. The Chi-square test and Kaplan-Meier
methods were employed to compare the adverse events and
prognosis. The total 1-, 3- and 5-year survival rates were 95,
80 and 32%, respectively, and there was no significant differ-
ence between the two groups (P=0.273). Similarly, the total
incidence of side effects was similar, but each treatment was
associated with unique disturbances. The number of patients
developing hand-foot syndrome in the XELOX group was
far higher compared to the FOLFOX6 group (P=0.000). By
contrast, more patients in the FOLFOX6 group suffered from
nausea (P=0.024), vomiting (P=0.029), alopecia (P=0.033)
and peripheral phlebitis (P=0.004). The total completion rate
of the XELOX group was higher compared to the FOLFOX6
group (P=0.015). No significant difference was found in the
prognosis of patients receiving XELOX therapy or FOLFOX6
therapy following total gastrectomy. XELOX was, however,
more tolerable for patients with total gastrectomy.

Introduction
Gastric cancers are the fourth most common malignancy

worldwide, and they are the second most lethal (1-3). In China,
the majority of cases have already evolved into advanced

Correspondence to: Dr Yingbo Chen, Sun Yat-Sen University Cancer
Center, 651 Dongfeng East Road, Guangzhou 510060, P.R. China
E-mail: chenyb@sysucc.org.cn

“Contributed equally

Key words: gastric cancer, radical total gastrectomy, oxaliplatin,
capecitabine, 5-fluorouracil

gastric cancer upon diagnosis (4). At present, radical gastrec-
tomy has been regarded as the most effective treatment for
gastric cancer. Adjuvant chemotherapy has been proven to
benefit patients with advanced gastric cancer following total
gastrectomy. The INTO116 study (5) indicated that adjuvant
chemotherapy increased the survival rate of cancer patients,
whereas in the MAGIC study (6), progression-free survival
time in the gastrectomy plus chemotherapy group was signifi-
cantly longer than the gastrectomy-alone group. In addition,
the 5-year survival rate of the surgery plus chemotherapy
group was significantly longer than the surgery-alone group.
Based on these clinical findings, postoperative adjuvant
chemotherapy has been recommended in a Class-I guideline
of The National Comprehensive Cancer Network (NCCN) for
treating advanced gastric cancer.

In 2007, the ACTS trial (7) revealed that patients at stages I1
and III benefited from oral S-1 (fluoropyrimidine) following
radical gastric surgery. However, those requiring total gastrec-
tomy are in the latest stages, beyond the therapeutic window
for S-1. The majority of gastric cancer patients, therefore,
require radical gastrectomy and adjuvant chemotherapy.
However, total gastrectomy destroys the continuity and
integrity of the digestive tract, although there are almost 50
reconstruction methods, such as Roux-en-Y esophagojejunos-
tomy (8). Gastrectomy leads to a number of gastric functional
losses, including food storage capacity, mechanical mixing and
secretion of digestive juices. This surgery negatively affects
digestion and nutrient absorption, and inevitably causes a
number of complications, including reflux esophagitis, dumping
syndrome, malnutrition and Roux-en-Y stasis syndrome (RSS),
which significantly reduce the chemotherapy drug tolerance
(9-11). Consequently, few studies have compared the safety
and efficacy of various postoperative adjuvant chemothera-
pies for gastric cancer patients following total gastrectomy.
Currently, there is no standard adjuvant chemotherapy
following surgery. Chemotherapies including XELOX and
FOLFOX6 regimens have been widely applied in clinics.
However, few studies have directly compared their safety and
efficacy. This clinical trial was designed to retrospectively
study gastric cancer patients who received total gastrectomy
in the Sun Yat-sen University Cancer Center, and to further
evaluate the safety and efficacy of postoperative XELOX and
FOLFOX6 adjuvant chemotherapies.
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Table I. Clinical pathological data of all the gastrectomy patients prior to the chemotherapy trial.

Clinical pathological data

XELOX group (n=87 cases)

FOLFOX6 group (n=61 cases)

Cases % Cases % P-value

Age (years)

Median 53 55

Range 28-69 23-68
Gender

Male 56 64 .4 37 60.7

Female 31 35.6 24 393 0.730
Tumor location

Gastric cardia 14 16.1 14 23.0

Stomach 57 65.5 33 54.1

Total stomach 13 14.9 10 164

Remnant stomach 3 34 4 6.6 0.486
Borrmann type

I 2 2.3 5 8.2

11 24 27.6 16 26.2

11T 41 47.1 28 459

v 20 23.0 12 19.7 0414
Pathological staging

High differentiation 2 23 6 9.8

Median differentiation 12 13.8 6 9.8

Low differentiation 63 724 39 63.9

Poor differentiation® 10 11.5 10 164 0.155
TNM staging®

I 4 4.6 1 1.6

11 13 14.9 10 164

11T 55 63.2 42 68.9

v 15 17.2 8 13.1 0.672

"Poorly differentiated cells: signet ring cell carcinoma, mucinous adenocarcinoma, undifferentiated carcinoma. "TNM staging method in this
study was in accordance with the standards stated in UICC 2002 TNM Staging Manual for Gastric Cancer (6th edition). “These TNM stage I
patients all had high risk factors such as vessel invasion and poor differentiation stage.

Patients and methods

Inclusion and exclusion criteria

Inclusion criteria. Seven inclusion criteria were used for this
study: i) histologically proven advanced gastric cancer, total
gastrectomy with D2 lymph-node dissection and RO surgery;
ii) patients between 20 and 70 years of age; iii) Eastern
Cooperative Oncology Group (ECOG) performance status
of 0 or 1; iv) no preoperative cancer treatment, such as
chemotherapy, immunotherapy or radiotherapy; v) patients
receiving chemotherapy by 4 weeks following surgery; vi) no
synchronous or metachronous cancers; and vii) adequate
organ function with a leukocyte count of at least 4000/mm?
or the lower limit of the normal range, a platelet count of at
least 100,000/mm?, a total bilirubin level of not more than
1.5 mg/dl (25.7 uM), aspartate aminotransferase and alanine
aminotransferase levels not more than 2.5 times the upper
limit of the normal range, and a serum creatinine level not
higher than the upper limit of the normal range.

Exclusion criteria. Three exclusion criteria were employed
in this study: a) age >70 years or <20 years; b) hepatic, renal,
pulmonary or cardiac dysfunctions; c) severe postoperative
complications, such as anastomosis leakage and anastomosis
stenosis that may cause malnutrition or make the patients
intolerant to postoperative chemotherapy.

Patient characteristics. From January, 2003 to June, 2009,
patients who underwent total gastrectomy received adjuvant
chemotherapy at the Sun Yat-sen University Cancer Center.
Prior to adjuvant chemotherapy, routine blood test results and
blood biochemical indices were consistent with the inclusion
criteria. No contra-indications against adjuvant chemotherapy
were noted. All the patients gave their informed consent prior
to the adjuvant chemotherapy. Following surgery, 87 cases
received XELOX chemotherapy, and 61 cases underwent
FOLFOX6 chemotherapy. The general clinical data from all
patients prior to chemotherapy are presented in Table I. No
significant differences in pathological characteristics were
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Table II. Rates of all adverse reactions in the FOLFOX6 and XELOX treatment groups.
XELOX group (n=87) FOLFOX6 group (n=61)

Symptom Cases % Cases % P-value
At least one adverse event 75 86.2 54 88.5 0.805
Nausea 58 66.7 51 83.6 0.024*
Vomiting 31 35.6 33 54.1 0.029*
Anorexia 64 73.6 52 85.2 0.107
Oral mucositis 5 5.7 5 8.2 0.741
Diarrhea 20 23.0 19 31.1 0.343
Alopecia 2 23 7 115 0.033*
Hand-foot syndrome 53 60.9 2 33 0.000*
Peripheral neurotoxicity 64 73.6 52 852 0.107
Fatigue 24 27.6 19 31.1 0.714
Leukocyte/neutropenia 50 575 40 65.6 0.393
Hemoglobin decrease 5 5.7 2 33 0.700
Thrombocytopenia 26 29.9 13 21.3 0.083
ALT/AST increase 29 333 24 393 0.489
TBIL increase 1 1.1 2 33 0.569
Cr/BUN increase 1 1.1 2 33 0.569
Allergy 1 1.1 1 1.6 0.999
Peripheral phlebitis 0 0 6 9.8 0.004*

ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; Cr, serum creatinine; BUN, blood urea nitrogen;

‘P<0.05.

noted between the two patient groups prior to treatment
(P>0.05).

Chemotherapy regimen. The XELOX regimen consisted
of oxaliplatin at 130 mg/m? (i.v. drip, day 1) combined with
capecitabine at 1000 mg/m? (oral, day 1-14) administered once
every three weeks. The median chemotherapy duration was
7 cycles.

The FOLFOXG6 regimen consisted of oxaliplatin at 100 mg/
m? (i.v. drip, day 1) with FA at 400 mg/m? (racemic) or 200 mg/
m? (L-form) plus 5-FU at 400 mg/m? bolus plus 2400 mg/m?
as a continuous 46-h infusion once every 2 weeks. The median
chemotherapy duration was 8 cycles.

Adverse events. Adverse reactions were graded on a 0-4 scale
for acute and subacute toxicity in accordance with the WHO
guidelines for anti-cancer drugs.

Follow up. Following treatment, the patients were monitored
every 3 months for the first 2 years, then every 6 months
thereafter. Telephone calls and letters were used to assess
patients who could not make follow-up assessments regularly.
Complete data were collected for all 148 patients through
to November 2010. The following-up period ranged from 6
months to 65 months (median, 41.5 months).

Statistical methods. The Chi-square test was used to compare
categorical variables and the rates of adverse reactions

observed in XELOX-treated and FOLFOX6-treated patients.
Student's t-tests were used to compare the continuous vari-
ables. Univariate survival analysis was performed using
Kaplan-Meier methods. Survival curves were compared with
the log-rank test. Statistical analyses were performed with
SPSS software version 16.0 for Windows (SPSS, Inc., Chicago,
IL, USA). P<0.05 was considered to indicate a statistically
significant difference.

Results

Comparison of the adverse effects of XELOX and FOLFOX.

Comparison of all toxicities and side effects. No mortalities
were reported in either group within 28 days of the last treat-
ment course. In the XELOX group, 75 of 87 patients (86.2%)
had adverse reactions of variable severity, while 54 of the
61 patients treated with FOLFOX (88.5%) also reported toxic
side effects (P=0.805). The most commonly observed adverse
reactions in the XELOX-treated patients included peripheral
neurotoxicity (73.6%), anorexia (73.6%), nausea (66.7%) and
hand-foot syndrome (60.9%). In the FOLFOX6 group, anorexia
(85.2%), peripheral neurotoxicity (85.2%) and nausea (83.6%)
were the most frequently occurring adverse events. More
patients in the XELOX group showed hand-foot syndrome
(60.9%) than those in the FOLFOXG6 group (3.3%) (P=0.000).
In the FOLFOX6 group, a significantly greater number of pa-
tients reported nausea (83.6 vs. 66.7% of XELOX-treated pa-
tients, P=0.024), vomiting (54.1 vs. 35.6%, P=0.029), alopecia
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Table III. Rates of grade 3/4 adverse reactions in FOLFOX6 and XELOX treatment groups.

XELOX group (n=87)

FOLFOX6 group (n=61)

Adverse reaction Cases % Cases % P-value
At least one adverse event 38 437 30 492 0.615
Nausea 8 9.2 7 11.5 0.783
Vomiting 4 4.6 5 8.2 0.489
Anorexia 10 11.5 8 13.1 0.802
Oral mucositis 0 0 0 0 -
Diarrhea 6 6.9 5 8.2 0.761
Alopecia 0 0 0 0 -
Hand-foot syndrome 8 92 0 0 0.021°
Peripheral neurotoxicity 13 14.9 11 18.0 0.655
Fatigue 0 0 0 0 -
Leukocyte/neutropenia 6 6.9 8 13.1 0.257
Hemoglobin decrease 0 0 0 0 -
Thrombocytopenia 6 6.9 6 9.8 0.553
ALT/AST increase 2 23 2 33 0.999
TBIL increase 0 0 0 0 -
Cr/BUN increase 0 0 0 0 -
Allergy 0 0 0 0 -
Peripheral phlebitis 0 0 0 0 -

“P<0.05.ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; Cr, serum creatinine; BUN, blood urea nitrogen.

Table I'V. Dosage adjustment, chemotherapy delay and chemotherapy discontinuation in XELOX and FOLFOX6 groups.

XELOX group (n=87)

FOLFOX6 group (n=61)

Cases Y% Cases Y% P-value
Chemotherapy discontinuation 5 5.7 5 8.2 0.741
Dosage reduction
XELOX 5 5.7 4 6.6 0.999
Capecitabine or 5-FU 8.0 2 33 0.308
Chemotherapy delay 103 12 19.7 0.151

(11.5 vs. 2.3%, P=0.033) and peripheral phlebitis (9.8 vs. 0%,
P=0.004). No significant difference in rates of other side ef-
fects was noted (Table II).

Comparison of 3/4 grade adverse reactions between
XELOX and FOLFOX6 treatment groups. A total of 38 cases
in the XELOX group (43.7%) presented with grade 3/4 adverse
events, a rate similar to the FOLFOX6 group (30 patients,
49.2%,P=0.615). The most commonly observed adverse events
in XELOX-treated patients included peripheral neurotoxicity
(14.9%), anorexia (11.5%), nausea (9.2%) and hand-foot
syndrome (9.2%). In the FOLFOXG6 group, peripheral neuro-
toxicity (18.0%), leukocyte/neutropenia (13.1%), anorexia
(13.1%) and nausea (11.5%) were the most frequently occurring
grade 3/4 side effects. More patients in the XELOX group had
hand-foot syndrome than those in the FOLFOX6 group (9.2 vs.
0%, P=0.021). One case of ascites due to impaired liver func-

tion was found in the XELOX group; this patient recovered
following discontinuation of chemotherapy and application
of liver protection therapy. No statistical differences in other
severe adverse reactions were observed (Table IIT).

Dosage adjustment, chemotherapy delay and chemotherapy
discontinuation in XELOX and FOLFOX6 groups. During the
course of chemotherapy, 5 patients in the FOLFOX6 group
(8.2%) discontinued chemotherapy due to severe adverse
reactions, and 5 cases in the XELOX group also discontinued
therapy (5.7%). In total, 4 XELOX-treated patients (6.6%)
and 5 FOLFOX6-treated patients (5.7%) were administered
reduced dosages due to severe toxic side effects. Two of these
XELOX-treated patients (3.3%) required reduced capecitabine
and 7 FOLFOXG6-treated cases (8.0%) required a reduced 5-FU
dosage. A total of 12 XELOX-treated patients (19.7%) and



Table V. Patient prognosis in XELOX and FOLFOXG6 treat-
ment groups.

Group Survival rate P-value
1-year (%) 3-year (%) S-year (%)

XELOX 72 43 34 0.582

FOLFOX 68 45 29

P>0.05.

9 FOLFOX6-treated patients (10.3%) delayed chemotherapy
due to severe adverse reactions. No significant difference in
clinical outcome was observed between the two treatment
groups (Table IV).

Comparison of patient prognosis between XELOX and
FOLFOX6 groups. The 1-, 3- and 5-year survival rates of
148 patients following radical total gastrectomy were 95, 80 and
32%, respectively. Results comparing patient prognosis between
the two treatment groups are shown in Table V and Fig. 1.

Discussion

Chemotherapy for gastric cancers has shown marked progress
in recent years, facilitated by numerous basic and clinical
studies focusing on the necessity and efficacy of postopera-
tive chemotherapy to complement surgical treatment (5-7). For
those patients with whole gastric cancer, proximal gastric
cancer and diffuse gastric cancer, total gastrectomy remains
the main curative therapy, particularly for malignant tumors
occurring at the gastric-esophageal junction. The majority of
clinicians now recommend total gastrectomy for these patients
to reduce gastric reflux (12,13). Previous findings indicated
that patients requiring total gastrectomy were usually diag-
nosed with late stage cancer by pathological observations (4),
necessitating post-operative chemotherapy.

Total gastrectomy destroys the continuity and integrity of the
digestive tract, however, and leads to reflux esophagitis, dumping
syndrome, malnutrition and Roux-en-Y stasis syndrome (RSS).
These conditions negatively affect post-surgery quality of life
and postoperative tolerance to adjuvant chemotherapy. Thus,
there has been no consensus on a standard chemotherapy
regimen. The most commonly used drugs, including amycin,
cisplatin and mitomycin, induced relatively severe gastrointes-
tinal reactions and bone marrow inhibition. The identification of
chemotherapy drugs with improved efficacy but lower toxicity
is an ongoing quest for all cancer specialists. In this regard,
recent findings indicated that the XELOX regimen demon-
strated greater safety and better efficacy in advanced gastric
cancer (14,15).

A variety of adverse reactions were reported during the
two treatment regimens, and no significant difference was
observed in either total side effect rates (P=0.805) or more
severe grade 3/4 reactions (P=0.615). However, no patient
died during chemotherapy, indicating that both treatments
were relatively safe. This study aimed to compare the XELOX
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Figure 1. Survival rates following chemotherapy using XELOX or
FOLFOXG6. There is no statistical significant difference between these two
groups. P>0.05.

regimen with FOLFOX®6 and highlight its clinical efficacy and
tolerability. While overall rates of side effects were similar, the
number of patients developing severe digestive tract toxicity, as
evidence by nausea and vomiting, was significantly lower than
that in the FOLFOX6 group. This is a significant advantage
for patients with total gastrectomy, as these patients inevi-
tably present severe digestive tract complications that reduce
resistance and tolerability of patients towards chemotherapy.
In addition, the XELOX regimen required fewer treatment
courses (8 in total), and the majority of patients could complete
the whole round of chemotherapy. In this trial, 39 XELOX-
treated patients (44.8%) completed the whole chemotherapy
trial, while the FOLFOXG6 regimen required 12 courses and,
therefore, significantly fewer patients (24.6%) completed the
trial (P=0.015). The XELOX regimen was easier to apply due
to this higher completion rate.

While more patients completed the XELOX trial, rates of
severe side effects were similar. Few patients in the FOLFOX6
group completed the treatment; however, such severe adverse
reactions might have been even more common if more
FOLFOX6 patients had continued or completed the required
12 courses. Findings of certain studies (16) have revealed that
neurolesions were caused by the accumulation of platinum
in dorsal root ganglia. De Gramont ef al (17) reported that
approximately 15% of patients showed cumulative neuro-
toxicity when the accumulative amount of XELOX reached
750 mg/m?. Consequently, the incidence of accumulative
neurotoxicity depended on two factors: treatment dosage and
treatment time course. A longer treatment course inevitably
aggravated the neurotoxicity induced by cumulative XELOX.
In addition, FOLFOX6 was provided biweekly with a relatively
short interval. Frequent hospital visits and adverse effects on
eating, drinking and rest forced more patients who were poorly
tolerant to stop FOLFOX6 chemotherapy.

In addition, capecitabine was administered orally in the
XELOX regimen, which has unique advantages. In contrast
to the injection of 5-FU, oral dosing of capecitabine precluded
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peripheral phlebitis. The FOLFOX6 regimen resolved this
problem by using a central venous catheter, but this technique
is more invasive, inevitably increases the surgical risk, may
lead to infection, and interferes with quality of life. Indeed,
patients receiving the XELOX regimen did not need to stay
in the hospital as long, and, in general, preferred this regimen
over FOLFOXG6 treatment.

The XELOX regimen also induced many adverse reac-
tions (18,19). First, the incidence of hand-foot syndrome was
relatively high, but notably, not severe enough for many patients
to stop chemotherapy. Furthermore, hand-foot syndrome may
be mitigated by taking certain precautions. Previous find-
ings (20-22) reported that a large dose of vitamin B6 (200 mg/
day, i.v. or 30 mg orally, 3 times a day) reduced the severity
of hand-foot syndrome. Hand-foot syndrome is regarded
as an inflammatory reaction, probably associated with the
overexpression of COX-2. A retrospective analysis indicated
that hand-foot syndrome was relieved by taking the COX-2
inhibitor celecoxib. Finally, skin symptoms such as furfur,
ulcers and pain were alleviated by topical lanolin cream.
Additionally, two XELOX-treated patients developed severe
liver dysfunction, and one case presented ascites. Following
careful review of the medical history of the two patients, we
found that they had a history of hepatitis B, although they were
normal at preoperative examination. Oral administration of
capecitabine exacerbated the metabolic burden on liver func-
tion and enhanced potential damage. Consequently, we highly
recommend that patients with a history of liver disease should
be treated with caution, even if preoperative tests are normal.

There was no significant difference in safety between
XELOX and FOLFOX6 treatments. Five-year survival
rates were not significantly different (34 vs. 29%, P=0.273),
suggesting that the long-term efficacy of XELOX and
FOLFOX®6 therapies were similar for patients with radical
total gastrectomy.

Currently, there is a major research focus on adjuvant
chemotherapy following gastric cancer surgery. Numerous
cases are diagnosed at an advanced stage, requiring total
gastrectomy, and few studies have focused on adjuvant
chemotherapy in this patient group (23). In view of the specific
functional limitations of patients with total gastrectomy,
particularly reduced gastric function and concomitant sensi-
tivity of gastric side effects, we suggest that XELOX should be
applied in clinics due to higher patient tolerance, fewer adverse
events and superior compliance.
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