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Background: In Korea, stomach cancer is the second most common malignancy and the third leading cause of cancer-related 
deaths. the time of diagnosis is very important for treatment so early detection and surgery are currently considered 
the mainstay of treatment, when diagnosed advanced with tumor extension through the gastric wall and direct extension 
into other organs, with metastatic involvement. Recently, new drugs, drug combinations, and multimodal approaches 
have been used to treat this disease and In cancers over expressing or amplifying HER2, the combination of cisplatin- 
fluoropyrimidine-trastuzumab is considered to be the treatment of reference. but At present, the choice of treatment 
schedule for HER2-negative tumors is based on the medical institution’s preferences and adverse effects profile. The 
aim of this study was to evaluate the effectiveness and safety of using FOLFOX regimen as a first-line therapy or a 
salvage therapy in the patients with HER2-negative advanced or metastatic gastric cancer.
Methods: We retrospective reviewed the patient medical record from March 2012 to July 2017. This study evaluated 
113 patients. Sixty-eight patients were treated with the FOLFOX regimen for the first time (first-line group) and 45 patients 
were treated with the FOLFOX regimen as a second (35 patients) or third (10 patients) chemotherapy (salvage group).
Results: In the first-line group, the response rate was 54.9%. In the salvage therapy group, the response rate was 
24.4% and The difference was statistically significant (p=0.205). The median TTP of the first-line group was 10.7 months 
(95% confidence interval [95% CI], 7.8-13.7 months) and that of salvage line group was 6.1 months (95% CI, 3.8-8.4 
months). The median OS of the first-line group was 15.8 months (95% CI, 12.7-18.9 months) and that of the salvage 
therapy group was 10.2 months (95% CI, 8.2-11.9 months). drug toxicity was similar andtolerable between two groups.
Conclusion: In patients with unresctable metastatic gastric cancer, after failing to respond to first-line therapy, most 
patients have no alternative other than second-line therapy because the disease is highly progressive. if the performance 
status of the patient is good enough to be eligible to treatments beyond best supportive care. FOLFOX regimen can 
be a considerable therapeutic option for salvage treatment.
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INTRODUCTION

Gastric cancer is thesecond most common cancer and the 
fourth leading cause of cancer death in Korea.1 With standard 

medical examinations, many gastric cancer cases are detected 
in the early stages. Nevertheless, many patients progress to 
unresectable advanced gastric cancer (AGC), and the prognosis 
of these patients are very poor. Combination chemotherapy 
was proven to produce a better quality of life (QOL) and 
to increase overall survival (OS) in AGC patients.2-4 However, 
about 50% of patients do not respond to the current first-line 
chemotherapy and even the responders eventually show dis-
ease progression.5 Accordingly, various second-line regimens 
have been investigated. Active and tolerable salvage chemo-
therapy can improve QOL and clinical outcomes in a certain 
proportion of selected patients.6
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Oxaliplatin is an innovative third-generation platinum com- 
pound that inhibits DNA replication.7,8 Compared with cis-
platin, oxaliplatin is considered to have a better safety profile 
and has higher antitumor effects.9 A few studies have shown 
the favorable outcome and tolerability of the combination 
of oxaliplatin and 5-fluorouracil (5-FU) with leucovorinin 
patients with AGC, with fewer side effects than do other 
agents.10-13

There have not been many studies about using the FOLFOX 
regimen as a second-line treatment. Most studies on the FOLFOX 
regimen to date have assessed the efficacy and safety of using 
the regimen as a first-line therapy or a salvage therapy. We 
have conducted a single-institution retrospective study of 
patients with HER2-negative advanced or metastatic gastric 
cancer, to compare the efficacy and adverse events of the 
FOLFOX regimen as a first-line therapy or salvage treatment. 

SUBJECTS AND METHODS

1) Eligibility Criteria

The eligibility criteria are as follows: histologically confir- 
med adenocarcinoma of the stomach; at least 1 measurable 
lesion; patient age between 18 and 75 years; Eastern Coope- 
rative Oncology Group (ECOG) performance status of 0-2; 
adequate hepatic, renal, and bone marrow function (neutro- 
phil ≥1,500/μL, platelet ≥100,000/μL, serum creatinine 
≤1.5 mg/dL, total bilirubin ≤1.25× upper limit of normal 
[ULN] in the absence of liver metastasis and serum trans-
aminase ≤2.5× ULN); and no concurrent uncontrolled me- 
dical illness. Patients were excluded if they had a concurrent 
malignancy within the past 5 years, were treated with adjuvant 
chemotherapy, had no measurable lesion except peritoneal 
seeding, or died after chemotherapy due to a reason unrelated 
to the chemotherapy.

2) Treatment Protocol and Dose Modification

The treatment consisted of 100 mg/m2 oxaliplatin and 100 
mg/m2 leucovorin administered as a 2-hour intravenous in-
fusion, followed by 2,400 mg/m2 5-FU as a 46-hour continuo 
us infusion. The cycles were repeated every 2 weeks. The 
chemotherapy was continued unless the disease progressed, 
the patient developed severe grade 4 toxicity, the patient 
refused further treatment, or the physician decided to termi-
nate the chemotherapy. Chemotherapy was delayed when 
neutrophil count was <1,500/mm3 and/or platelet count 

<100,000 mm3. The dose of all chemotherapy agents was re- 
duced by 25 % in cases of grade 4 neutropenia, grade 3-4 
thrombocytopenia lasting longer than 3 days, and poor gen-
eral condition with an ECOG score of 2 or higher.

3) Patient Evaluation

Before each chemotherapy course, physical examination, 
routine hematology studies, chemistry, and chest X-ray were 
performed. We also excluded HER2-positive tumors (immu- 
nohistochemistry 3+ or 2+, and fluorescent in situ hybridi- 
zation-positive), as they represent a different biological reality 
with standard treatment. Abdominal computed tomography 
scans of measurable lesions were performed after every 3 
cycles. Responses were classified according to the Response 
Evaluation Criteria in Solid Tumors (RECIST 1.1), as follows: 
complete remission (CR), partial remission (PR), stable disease 
(SD), and progressive disease (PD). The response rate was 
defined as the sum of CR and PR. The time to progression 
(TTP) was measured from the initiation of treatment until 
the progression of disease, and the OS was measured from 
the initiation of treatment until death. The toxicity of chemo-
therapy was graded according to the National Cancer Institute 
Common Toxicity Criteria.

4) Statistical Analysis

The response rates with respect to the categorial variables 
were compared using Fisher’s exact test and χ2 test. The 
TTP and OS were calculated according to the Kaplan-Meier 
method. All data were analyzed using SPSS software (version 
22.0; SPSS Inc., Chicago, IL, USA). p-values of less than 
0.05 were considered significant.

RESULTS

1) Patient Characteristics

One hundred and twenty-two patients were enrolled in 
this retrospective study from March 2012 to July 2017. 
However, 3 patients were treated with adjuvant chemo-
therapy after gastrectomy, 5 patients had no measurable lesion 
except peritoneal seeding, and 1 patient died of a traumatic 
intracranial hemorrhage. Of the 122 patients, 113 were assess- 
able for response. Sixty-eight patients were treated with the 
FOLFOX regimen for the first time (first-line group), whereas 
45 patients were treated with the FOLFOX regimen as a 
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Table 1. Baseline characteristics of the patients (n=113)
 First line group (n=68) Salvage line group (n=45) p-value
Age (year, median, range) 61.93 (36–78) 53.76 (30–73)  0.013*
Sex (Male:Female) 51:17 33:12 0.843
Prior surgery (%)  0.017*
  None  26 (38.2)  18 (40.0)
  TG  34 (50.0)  13 (28.9)
  STG   8 (11.8)  14 (31.1)
ECOG  0.002*
  0  48 (70.6)  19 (42.2)
  1  13 (19.1)  23 (51.1)
  2   7 (10.3)  3 (6.7)
Histologic classification (%) 0.287
  Adenocarcinoma (Moderately differentiated)  20 (29.4)  13 (28.9)
  Adenocarcinoma (Poorly differentiated)  40 (59.8)  20 (44.4)
  Signet ring cell type  5 (7.4)   6 (13.3)
  Other type  3 (4.4)   6 (13.3)
Measurable lesion (%) 0.268
  Lymph node  43 (63.2)  16 (35.6)
  Liver  14 (20.6)  14 (31.1)
  Bone  1 (1.5)  2 (4.4)
  Adrenal gland  1 (1.5)  0 (0.0)
  Pancreas  0 (0.0)  1 (2.2)
  Rectum  1 (1.5)  0 (0.0)
  Common bile duct  0 (0.0)  1 (2.2)
  Lung  1 (1.5)  1 (2.2)
  Ureter  1 (1.5)  2 (4.4)
  Ovary  1 (1.5)  2 (4.4)
  Colon  1 (1.5)  2 (4.4)
  Pleura  0 (0.0)  1 (2.2)
  Skin  1 (1.5)  0 (0.0)

Data are presented as mean±SD or number (%).
ECOG, Eastern Cooperative Oncology Group.
*Statistical significance.

Table 2. Previous chemotherapy
Previous Regimen No. of patient Total cycle %
FOLFIRI 23 110 53.5
TCF 22 125 51.2
TS-1+Cisplatin  2   5  4.7
ELF  2   9  4.7
FP  2   8  4.7

FOLFIRI, Irrinotecan, Leucovorin, 5-FU; TCF, Docetaxel, Cis- 
platin, 5-FU; ELF, Etoposide, Leucovorin, 5-FU; FP, Cisplatin, 
5-FU.

second (35 patients) or third (10 patients) chemotherapy (sal- 
vage group). The median age of the enrolled patients was 
61.9 years in the first-line group and 53.7 years in the salvage 
group. The first-line group received an average of 6.5 chemo-
therapy sessions, and the salvage therapy group received an 
average of 10.3 sessions, including previous treatments. The 
first-line group had more subjects who scored 0 or 1 on the 
ECOG performance status scale. The most common location 
of the measurable lesion in both groups was the lymph node, 
seen in 43 patients in the first-line group and 16 patients in 
the salvage therapy group. There were no histological differen- 
ces between the 2 groups, and the first-line group had a 
more frequent history of gastrostomy (Table 1). Among the 

43 patients in the salvage group, 27 patients had previously 
been treated with a cisplatin-based chemotherapy (Table 2).
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Fig. 1. Analysis of time to progression.

Table 3. Treatment Response Rate

Response
No. of patients (%)

p-valueFirst line group
(n=68)

Salvage line group
(n=45)

CR 11 (16.2) 1 (2.2) 0.009*
PR 26 (38.7) 10 (22.2)  
SD 10 (14.7)  9 (20.0)  
PD 21 (30.9) 25 (55.6)  
CR+PR 37 (54.9) 11 (24.4)  

CR, complete response; PR, partial response; SD, stable disease; 
PD, progressive disease.
*Statistical significance.

Fig. 2. Analysis of overall survival. 

2) Response

The median follow-up duration was 18.9 months (range, 
2.5-99.0 months). In the first-line group, there were 11 cases 
of CR, 26 cases of PR, 10 cases of SD, and 21 cases of PD, 
and the response rate was 54.9%. In the salvage therapy group, 
there was 1 case of CR, 10 cases of PR, 9 cases of SD and 
25 cases of PD, and the response rate was 24.4%(Table 3). 
The difference was statistically significant. The median TTP 
of the first-line group was 10.7 months (95% confidence 
interval [95% CI], 7.8-13.7 months) and that of salvage line 
group was 6.1 months (95% CI, 3.8-8.4 months) (Fig. 1). 
The median OS of the first-line group was 15.8 months 
(95% CI, 12.7-18.9 months) and that of the salvage therapy 
group was 10.2 months (95% CI, 8.2-11.9 months) (Fig. 2).

3) Toxicity

In terms of hematological toxicity in the first-line group, 
we observed 7 cases of grade 1-2 leukopenia (10.4%) and 
2 cases of grade 3-4 leukopenia (3.0%), and there were no 
cases of neutropenia. In addition, there were 8 cases of grade 
1-2 anemia and 9 cases of grade 1-2 thrombocytopenia. On 
the other hand, in the salvage therapy group, we observed 
6 cases of grade 1-2 leukopenia and 1 case of grade 3-4 leu- 
kopenia. Additionally, there were 2 cases of grade 1-2 anemia 
and 7 cases of grade 1-2 thrombocytopenia. The common 
nonhematological toxicities in both groups included grade 
1-2 nausea and vomiting, and 1 case of grade 3-4 neuropathy 
was observed in the first-line group (Table 4).

DISCUSSION

When gastric cancer is detected in the early stages, a com-
plete recovery can be expected in >90% of the cases. How- 
ever, in locally advanced or metastatic gastric cancer, even 
with anticancer chemotherapy, only approximately 10% of 
the patients survive after 2 years, showing a poor prognosis.14

Patients with HER2 positive are recommended to receive 
chemotherapy with herceptin.

According to the Toga study, 594 HER2-positive patients 
were compared with those who received conventional chemo-
therapy with trastuzumab and conventional chemotherapy. 
Median overall survival was better at 13.8 versus 11.1 months 
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Table 4. Toxicity of Chemotherapy
 First line group (n=68, 373 cycle) Salvage line group (n=45, 193 cycle)
 Grade 1-2 No. (%) Grade 3-4 No. (%) Grade 1-2 No. (%) Grade 3-4 No. (%)
Hematologic
  Leukopenia  7 (10.4) 2 (3.0)  6 (13.3) 0 (0.0)
  Febrile neutropenia 0 (0.0) 0 (0.0) 0 (0.0) 1 (2.2)
  Anemia  8 (11.9) 1 (1.5) 2 (4.4) 0 (0.0)
Thrombocytopenia  9 (13.2) 2 (2.9)  7 (15.6) 2 (4.4)
Non-hematologic
  Nausea 22 (32.8) 1 (1.5) 12 (26.7) 1 (2.2)
  Vomiting 21 (30.9) 1 (1.5) 11 (24.4) 1 (2.2)
  Diarrhea 0 (0.0) 1 (1.5) 0 (0.0) 0 (0.0)
  Neuropathy 3 (4.5) 1 (1.5) 2 (4.4) 0 (0.0)
  Mucositis 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

and progression-free survival was also better at 6.7 vs 5.5.15 
Patients with HER2 negative are treated with conventional 
chemotherapy. Among the chemotherapeutic agents used in 
these cases, we aimed to compare the efficacy of the FOLFOX 
regimen (a combination of oxaliplatin, 5-FU, and leucovorin) 
as a first-line therapy or a salvage therapy in this study. Com- 
bination therapies with oxaliplatin generally show a high effi- 
cacy. Aphase II study of a regimen of oxaliplatin, folic acid, 
and 5-FU as a first-line therapy showed 4.3% CR, 41.3% 
PR, a response rate of 45.6%, aprogression-free survival (PFS) 
of 6.2 months, and an OS of 9.8 months.16 However, the 
reported incidence of peripheral neuropathy in this study 
was high, at 43.5%. The results of a different study using 
oxaliplatin, conducted at our institution, showed a response 
rate of 43%, a PFS of 4 months, and an OS of 8.3 months; 
grade 3-4 leukopenia and grade 3-4 neutropenia each oc-
curred in 13.3% of the cases, showing a similar efficacy to 
that in the aforementioned study.17 In the current study, we 
used 100 mg/m2 oxaliplatin, 100 mg/m2 leucovorin, and 2,400 
mg/m2 5-FU, and obtained a response rate of 54.9%, a PFS 
of 10.7 months, and an OS of 15.8 months, showing vastly 
improved results compared with previous studies. It is unclear 
why the PFS and OS, in addition to the response rate, were 
improved in this study; however, this may be attributed to 
the difference in the composition of the subject population. 
Compared with the previous study conducted at our institu- 
tion,17 there were more cases of metastasis to the lymph 
node, and the patients were younger than those in the study 
by Zhao et al.16 Grade 1-2 leukopenia occurred in 10.4% 
of the cases and grade 3-4 leukopenia occurred in 3%. Non- 
hematological toxicity events included grade 1-2 nausea in 
32.8% of the cases and grade 1-2 vomiting in 30.9%. Grade 
1-2 peripheral neuropathy was observed in 4.5% of the 

patients. Because this was a retrospective study based on 
medical records, and records of adverse events may have 
been omitted, we cannot conclude that the incidence of neuro-
pathy was lower than in other studies. In previous studies 
on FOLFOX in Korea,18-20 the incidence of peripheral neuro-
pathy varied widely, from 7.3% to 39.1%, and the difference 
is believed to be due to the retrospective nature of these 
studies.

After failing to respond to first-line therapy, most patients 
have no alternative other than second-line therapy because 
the disease is highly progressive. Furthermore, the performa- 
nce status of the patient is often good enough to be eligible 
to treatments beyond best supportive care. Therefore, a few 
studies have investigated second-line chemotherapy in AGC. 
Clinical studies of second-line chemotherapy in AGC patients 
have different results. Agents for second-line chemotherapy 
include taxanes, irinotecan, oral 5-FU (capecitabine or S-1), 
platinum agents (cisplatin, carboplatin, or oxaliplatin), epiru- 
bicin, and mitomycin C. In this study, we administered the 
FOLFOX regimen based on oxaliplatin. The treatment proto-
col was identical to the first-line therapy. A study conducted 
in Korea that administered the FOLFOX regimen to patients 
who did not react to other chemotherapy reported 0 CR, 
22.6% PR, a median PFS of 3 months, and a median OS of 
8 months.21 In other oxaliplatin-based phase II studies, the 
response rate was 4%, the median PFS was 2.5 months, and 
the OS was 6.6 months.22 The reason that the results of the 
current study were significantly better than those of previous 
studies may be that the first-line chemotherapy protocol used 
before the salvage therapy was different. Furthermore, the 
differences between the study by Jeong et al.22 and the current 
study may stem from the differences in the dose and method 
of administration of oxaliplatin. We observed grade 1-2 leuko-
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penia in 13.3% of the cases and grade 1-2 thrombocytopenia 
in 15.6% of the cases, and these results were similar to those 
of the previous reports. In terms of nonhematological toxicity, 
nausea and vomiting were common, similar to the first-line 
treatment group, and peripheral neuropathy was present in 
2% of the cases. We believe that the differences in the in-
cidences of neuropathy compared with the study by Seo et 
al.22 are also due to the limitation of retrospective studies. 
It is encouraging that in the current study, we were able 
to see an increase in the response rate at the 100 mg/m2 
dose, compared with previous studies that used 85 mg/m2, 
without an increase in adverse events. Furthermore in our 
study 27 out of 45 patients received cisplatin-based chemo-
therapy previously. In these patients, FOLFOX also seemed 
to be effective. Therefore, whatever prior chemotherapy regi-
men, FOLFOX can be good choice for salvage treatment. 
There are almost no studies comparing the use of the FOLFOX 
regimen as a first-line therapy with using it as a second- or 
third-line therapy for HER2-negative tumors. The FOLFOX 
regimen can be efficacious as a first-line or a salvage therapy 
for AGC; however, the response rate was much higher when 
it is used as a first-line treatment than a salvage treatment 
since there was no response to other chemotherapy agents. 
Therefore, in patients who did not respond to the first-line 
chemotherapy, we cannot expect a significantly improved 
response from chemotherapy with a different agent. The 
median TTP and OS of the salvage group was better than 
those reported in the previous studies, and this is believed 
to support previous studies indicating that salvage treatment 
is more efficacious than best supportive care. Since the response 
rate is not as closely associated to patient survival as median 
OS, and gastric cancer often progresses to a non-measurable 
disease, it is significant that our results show a large improve-
ment in median OS. If we include patients who were excluded 
from the current analysis owing to a lack of measurable 
lesions such as a peritoneal seeding, we may be able to predict 
a greater extension in OS. According to the genetic analysis 
by Keam et al.,23 AGC patients with a 6-bp deletion in the 
3'UTR of thymidylate synthase gene responded better to 
FOLFOX-6. Thus, future research is necessary to assess whe- 
ther this genetic variation is also associated with the response 
to salvage therapy.

CONCLUSION

In conclusion, the combination of oxaliplatin, 5-FU, and 
leucovorin is a safe and efficacious regimen as a first-line 
therapy as well as a salvage therapy for HER2-negative tumors.
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