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Introduction

Gastric cancer (GC) is one of the fatal cancers in the 
world. GC is the fifth and third cause of cancer-related 
death in women and men, respectively (Talebi et al., 
2020; Thrift and El-Serag, 2020). GC accounts for 
10.4% of all cancer deaths, and every year about 930,000 
people in the world are diagnosed as a new case of this 
disease, and at least 700,000 of them die because of 
this disease (Parkin et al., 2005). The survival rate GC 
depends on various factors such as stage of the disease, 
condition of the disease, access to medical services and 
treatment method (Talebi et al., 2020). Also weight loss 
, leukocytosis and asthenia are poor prognostic factor 
(Trujillo-Rivera et al., 2021). Despite the progress made 
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in the field of treatment, the five-year survival rate is low. 
The survival rates of patients have been reported based on 
the type of treatment methods (Eusebi et al., 2020). Cancer 
treatment is usually done by three methods: surgery, 
radiotherapy and chemotherapy. The main treatment for 
the GC in the early stages is surgery. Perhaps the most 
important measure necessary to increase the success of 
this type of cancer treatment is early diagnosis and the 
application of combined methods (Talebi et al., 2020). 
Previous studies have reported the positive effects of 
the perioperative and postoperative chemotherapy 
compared to surgery alone in increasing the success rate 
of treatment in GC. The perioperative and postoperative 
chemotherapy leads to an increase in overall survival (OS), 
progression-free survival (PFS) and curative resection rate 
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(Cunningham et al., 2006; Petrillo et al., 2019; Charruf et 
al., 2020; Dos Santos et al., 2022). A systematic review 
and meta-analysis showed that the perioperative and 
postoperative chemotherapy significantly increased the 
five-year OS rate compared to surgery alone (Jiang et 
al., 2015).

The choice of the best perioperative and postoperative 
chemotherapy for the better management of patients 
with gastric cancer is still debated. Based on previous 
studies, FOLFOX regimen (combination of 5-fluorouracil, 
leucovorin, and oxaliplatin) seems to be an effective and 
tolerable regimen as perioperative chemotherapy in the 
treatment of resectable GC (Wang et al., 2019b). Studies 
have shown that the use of newer treatment regimens 
including the FLOT regimen (including 5-fluorouracil, 
leucovorin, oxaliplatin, and docetaxel) increase the rate 
of treatment success and the overall survival of patients 
compared to surgery alone (Al-Batran et al., 2004).

The superiority of the FLOT regimen compared to the 
ECF regimen (including 5-fluorouracil, epirubicin, and 
cisplatin) has also been noted in clinical trials (Al-Batran 
et al., 2019; Rivera et al., 2021; Farrokhi et al., 2022a). 
These findings have made the FLOT diet to be considered 
as one of the first-line treatments for patients suffering 
from operable gastric cancer (Tastekin et al., 2023). 
The treatment of GC patients is associated with various 
complications, and the selection of the appropriate type of 
treatment in these patients should be based on the patient’s 
clinical condition (Li et al., 2011). The FOLFOX regimen 
can be considered a safe regimen for elderly patients 
or patients who cannot tolerate a more intense regimen 
(Al-Batran et al., 2004; Wang et al., 2016; Patil et al., 
2020; Farrokhi et al., 2022b). While complications such 
as severe neutropenia or mucositis, nausea, vomiting and 
diarrhea have been reported in patients receiving the FLOT 
regimen with a higher prevalence compared to the ECF 
regimen (Schulz et al., 2012; Al-Batran et al., 2019; Wang 
et al., 2019b; Watson et al., 2019; Ganschow et al., 2021). 
Therefore, although the available evidence has shown 
that the perioperative and postoperative chemotherapy 
can lead to an improvement in the prognosis of patients 
who suffer from operable tumors of the stomach, but 
studies to compare these regimens in terms of benefits 
and toxicity are lacking. It is needed to enable doctors 
to choose the appropriate treatment regimen. Therefore, 
considering the high prevalence of gastric cancer and 
the limited number of studies conducted in this field, the 
aim of this study was to compare perioperative FOLFOX 
and FLOT regimens in operable gastric cancers based on 
pathologic response. The results of this study can help to 
choose the right treatment with a higher success rate and 
less complications for patients with GC.

Materials and Methods

Design, patients and study setting 
The present study was approved by the ethics 

committee of Iran University of Medical Sciences (IR.
IUMS.FMD.REC.1400.194). This prospective cohort 
study was conducted on 112 patients with resectable GC 
who were treated at Firouzgar Hospital affiliated with Iran 

University of Medical Sciences between 2021 and 2022. 
Given the inclusion criteria, 80 patients were included in 
the study. The treatment was done routinely for the patients 
and the researcher had no intervention in the treatment 
process of the patients. Patients were divided into two 
groups based on the type of treatment received.  Group 1 
included 40 patients who underwent perioperative FLOT 
regimen, and group 2 included 40 patients who underwent 
perioperative FOLFOX regimen. Informed consent was 
obtained from all patients.

Inclusion and exclusion criteria
Inclusion criteria included: age 20 to 80 years, 

definitive diagnosis of advanced primary gastric 
adenocarcinoma through Histopathological examination, 
endoscopic ultrasound and CT scan before surgery and 
acceptance and tolerance of chemotherapy. Presence of 
distant metastasis or intolerance to surgery, active bleeding 
or complete pyloric obstruction, history of chemotherapy, 
radiotherapy, immunotherapy or targeted treatments, 
patients with a history of malignant tumors except basal 
cell carcinoma of the skin treated and carcinoma in situ of 
the cervix and a history of total gastrectomy were defined 
as exclusion criteria.

Treatment method
For the patients who were included in the FLOT 

group, chemotherapy was prescribed for 4 cycles before 
surgery and 4 cycles after surgery. For these patients, 
treatment was combination of 3 drugs including docetaxel 
at the rate of 50 mg/m2 on day 1, oxaliplatin 85 mg/m2 on 
day 1 and 5-fluorouracil 2,600 mg/m2 as continuous 
injection over 24 hours on day 1 along with prescription 
of leucovorin 200 mg/m2 on day 1 to reduce side effects. 
For the patients who were placed in the FOLFOX group, 
chemotherapy was prescribed for 6 cycles before surgery 
and 6 cycles after surgery. For these patients, treatment 
with oxaliplatin 85 mg/m2 as an intravenous injection 
for 2 hours , 5-fluorouracil 400 mg/m2 bolus then 2,400 
mg/m2 as a continuous injection over 46 hours and  
leucovorin 200 mg/m2 on the first day was administrated. 
Endoscopic ultrasound and contrast-enhanced CT scan 
were performed before the fourth cycle of chemotherapy 
for comprehensive evaluation.

Surgery was performed for patients after 4 weeks 
of neoadjuvant chemotherapy. At this stage, patients 
underwent total or distal gastrectomy based on the location 
or size of the tumor. After distal gastrectomy, Billrouth 
II reconstruction was used, and after total gastrectomy, 
Roux-en-Y anastomosis was used. Also, patients received 
intravenous nutritional support and antibiotic treatment 
after gastrointestinal decompression surgery. In addition, 
chemotherapy regimens were continued after surgery.

Outcome 
Tumor response was classified according to Mandard 

Tumor regression grading (TRG) system criteria into 
five categories as follows: complete regression (TRG1), 
fibrosis with scattered tumor cell (TRG2), fibrosis 
and tumor cells with a dominance of fibrosis (TRG3), 
fibrosis and tumor cells with a dominance of tumor 
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demographic characteristics and tumor characteristics in 
the two groups (p>0.05) Table 1.

Comparison of response to treatment and degree of 
improvement in the two treatment groups 

The rate of complete pathological response in FOLT 
group was significantly higher than FOLFOX group 
(35.0% vs. 2.5%, p: 0.001) (Figure 1).

Comparison of the frequency of complications in two 
groups

Although the frequency of hematological complications 
(G2 and G3) was slightly higher in the FOLT group 
compared to the FOLFOX group, this difference was not 
statistically significant (p: 0.061). No significant difference 
was observed in the frequency of gastrointestinal 
(Vomiting, Diarrhea and Nausea), liver, kidney and 

cells (TRG4) and tumor without evidence of regression 
(TRG5). All pathology findings were evaluated by 
an oncologist. Also, the side effects were classified 
according to the National Cancer Institute Common 
Toxicity Criteria for Adverse Events (CTCAE) version 
5, which includes hematological, gastrointestinal, liver, 
kidney, neurological, and hair loss complications during 
the course of chemotherapy which were recorded for 
each patient. In cases of unbearable side effects and the 
patient’s lack of tolerance and acceptance, neoadjuvant 
chemotherapy was stopped and the patient was excluded 
from the study. Finally, the tumor pathological response 
and side effects were compared between the two groups 
treated with FLOT and FOLFOX regimens.

Statistical analyses
The data was analyzed using SPSS version 22 

statistical software. Descriptive statistics (frequency and 
%) were used to report qualitative variables. Quantitative 
variables were reported with mean and standard deviation. 
Normality of quantitative variables was tested by 
Kolmogorov -Smirnov test. T-test was used to compare 
quantitative variables in the two treatment groups. 
Chi-square test was used to compare qualitative variables 
in the two groups. Multivariate logistic regression 
analysis was used to control confounding variables in two 
groups. The effect size in two groups was reported with 
the adjusted odds ratio (Adj OR) in the 95% confidence 
interval (95% CI). A P value <0.05 was considered as the 
level of statistical significance.

Results

Comparison of demographic characteristics and tumor 
characteristics

The mean age of patients in FOLFOX group and FOLT 
group was 63.2 ±6.59 and 61.3 ±8.21years, respectively 
(P: 0.18). Respectively, 60% and 70% of patients in 
FOLFOX group and FOLT group were male. In terms of 
tumor size, the majority of patients in both groups were 
larger than T2. No significant difference was observed for 

Variable Group P value

Total
(N:80)

FOLFOX
(N:40)

FOLT
(N:40)

Age (Year) 62.27±8.22 63.2±6.59 61.3±8.21 0.18*

Sex (n%) 0.34**

   Male 52 (65.0) 24 (60) 28 (70)

   Female 28 (35.0) 16 (40) 12 (30)

BMI (Kg/m2) 23.95±3.4 24.53±3.2 23.61±2.9 0.57*

History of smoking 40 (50.0) 21 (52.5) 19 (47.5) 0.16**

Tumor size 0.23**

   T1 7 (8.75) 4 (10) 3 (7.5)

   T2 8 (10.0) 4 (10) 4 (40)

   T3 48 (60.0) 24 (60) 24 (60)

   T4 17 (21.25) 8 (20) 9 (22.5)

Degree of differentiation  Tumor 0.14**

   Poor 41 (51.25) 23 (57.5) 18 (45)

   Moderate 27 (33.75) 9 (22.5) 18 (45)

   Well 11 (13.75) 7 (17.5) 4 (10)

*, t-test; **, chi-square 

Table 1. Comparison of Demographic Characteristics 
and Tumor Characteristics in Two Groups

Figure 1. Comparison of Improve Degree or Response to Treatment in Two Treatment Groups.
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stomatitis complications in the two groups (p>0.05). In 
general, 3 deaths were reported (1 case in the FOLT group 
and 2 cases in the FOLFOX group), and this difference 
was not statistically significant (P: 0.56) Table 2.

Factors predicting response to treatment in two groups 
based on multivariate analysis

The results of multivariate logistic regression analysis 
showed that the level of complete pathological response 
and significance (TRG1,2) to FOLFOX regimen was 
significantly better with younger age (adj OR: 0.91, 95% 
CI: 0.84, 0.99, P: 0.022), in women (adj OR: 5.74, 95% 
CI: 1.23, 18.56, P: 0.028) and in patients with tumor size 
lower than T2 (adj OR: 3.08, 95% CI: 1.21, 5.11, P: 0.037). 
Moreover, in patients treated with FOLT, the improvement 
rate was better in patients with tumor size lower than T2 
(adj OR: 2.84, 95% CI: 1.29, 5.66, P: 0.036). While there 
was no significant relationship between the response rate 
and other background variables and tumor characteristics 
in the two treatment groups (P>0.05) Table 3.

Discussion

According to cancer treatment guidelines, there is 
no preference for perioperative chemotherapy with two 
common treatment regimens, FLOT and FOLFOX, in 
patients with resectable GC, and both treatments are 
routinely used in Iranian patients. Despite conducting 
studies in this field, the rate of response to treatment and 
the complications of using these treatments have not been 
clearly determined. Therefore, considering the importance 
of this issue and also preventing the occurrence of serious 
complications and choosing the appropriate treatment in 
these patients, with the knowledge of the outcomes of 
these treatment methods, in this prospective study, we 
evaluated the rate of pathological response to treatment 
and the frequency of side effects following perioperative 
chemotherapy with two common treatment regimens, 
FLOT and FOLFOX, in patients with operable gastric 

cancer.
Our study showed that the mean age of the patients 

was 62.27 years and more than half of the patients were 
less than 63 years old.  No significant difference was 
observed in the mean age of patients in the FOLFOX and 
FOLT treatment groups. Nearly two-thirds of the patients 
were male, and the tumor size was greater than T2 in 
the majority of patients. No significant difference was 
observed in tumor size, degree of tumor differentiation, 
sex and other characteristics of patients. The degree 
of complete improvement and significance (complete 
pathological response) in the treatment with FOLT was 
significantly higher than the treatment with FOLFOX. No 
response to treatment was observed in 40% of patients 
treated with FOLFOX, while this rate was only 7.5% 
for FOLT treatment. In line with the results of our study, 
Schulz et al. showed in the phase two of a clinical trial by 
examining 50 patients who received the FLOT regimen 
preoperatively that this regimen significantly increased 
the survival rate without disease progression compared to 
surgery (Schulz et al., 2012). The benefits of this treatment 
include reducing the stage of the disease, increasing the 
amount of R0 resection (without microscopic involvement 
of the surgical margin), tumor regression, and avoiding 
unnecessary surgery. Therefore, a significant pathological 
response to chemotherapy can play a significant role in 
improving the prognosis of patients (Boige et al., 2007; 
Schuhmacher et al., 2010). Al-Batran et al. by comparing 
FLOT and ECF chemotherapy regimens on 356 and 360 
patients with resectable GC, showed the superior efficacy 
of perioperative FLOT regimen in the management of 
patients with resectable GC (Al-Batran et al., 2019). 
Farrokhi et al. Showed that the FLOT chemotherapy 
regimen in patients with resectable GC led to a significant 
improvement in OS and progression-free survival 
compared to other chemotherapy regimens including the 
FOLFOX regimen, which was consistent with the results 
of our study (Farrokhi et al., 2022a). While contrary to the 
results of our study, Beliak et al. By examining 79 patients 
including 44 patients treated with FLOT regimen and 35 
patients treated with FOLFOX regimen preoperatively, did 
not report a significant difference in the degree of tumor 
histopathological regression between the two groups 
(Beliak et al., 2021). In this study, the tumor regression 
grade (TRG) factor was used to evaluate the response 
to treatment, which may be effective in the difference 
observed in the results of the two studies. Chen et al. By 
comparing two chemotherapy regimens FOLFOX and 
EOX in patients with advanced gastric cancer, showed 

Side complications Group P value

FOLFOX
(N:40)

FOLT
(N:40)

Hematological (N %) 0.061

   G1 30 (75) 28 (70)

   G2 8 (20) 6 (15)

   G3 1 (2.5) 6 (15)

   Metastasis 1 (2.5) 0

Gastroenterological (Vomiting, 
Diarrhea &Nausea ((N %)

10 (25) 14 (35) 0.36

Liver (N %) 1 (2.5) 3 (7.5) 0.081

Kidney (N %) 3 (7.5) 1 (2.5) 0.15

Stomatitis (N %) 8 (20) 6 (15) 0.41

Hair loss (N %) 3 (7.5) 18 (45) 0.001

Neurological (N %) 12 (30) 26 (65) 0.002

Death (N %) 2 (5) 1 (2.5) 0.56

Table 2. Comparison of the Frequency of Complications 
in Two Groups

**, chi-square

Variable adj OR 95% CI P value
FOLFOX

Age 0.91 0.84, 0.99 0.022
Sex ( male vs female) 5.74 1.23, 18.56 0.028
Size ( >T2 vs =<T2) 3.08 1.21,5.11 0.037

FOLT
Size (>T2 vs =<T2) 2.84 1.29,5.66 0.036

Table 3. Factors Predicting Response to Treatment in 
Two Groups based on Multivariate Analysis
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only 19.5% of patients treated with FOLFOX regimen 
had significant tumor regression and complete tumor 
regression was observed in only 4.6% of patients (Chen 
et al., 2014) which these results confirmed the findings 
of our study. Pourghasemian et al. reported a complete 
response rate to chemotherapy with FOLFOX regimen 
of 4.4%, and about half of the patients did not show any 
pathological response to the treatment (Pourghasemian et 
al., 2020), which was in line with our results. 

Our study also showed the frequency of neurological 
complications and hair loss in the FOLT group was 
significantly higher than that of the FOLFOX group. There 
was no statistically significant difference in the frequency 
of hematological, liver, kidney, and Gastroenterological 
and stomatitis complications between the two groups. 
Regarding hematological complications, grade 3 
complications were observed in only 2.5% of patients 
treated with FOLFOX regimen, while the frequency of 
this complication was 15% in the FOLT group, however, 
this difference was not statistically significant that these 
results were consistent with the findings of studies 
conducted in this field. In 2022, Farrokhi et al., (2022a) 
from Iran, by examining 37 patients treated with FOLFOX 
and 32 patients treated with FLOT, the incidence of 
hematological complications was reported as 16% and 
37%, respectively, this difference can be justified due to 
the difference in the design as well as the difference in the 
treatment regimen under investigation. In this study, the 
highest rate of hematological complications before the 
FLOT regimen was related to DCF regimen treatments, 
which can suggest the role of docetaxel in causing more 
hematological complications in these chemotherapy 
regimens. In the study of Al-Batran et al., (2019) grade 3 
and 4 neutropenia was observed in about 50% of patients 
treated with FLOT regimen, which was higher than the 
results of our study, which can be justified due to the 
difference in the sample size of the two studies. Also, 
in line with the results of our study, Chen et al., (2014) 
reported the incidence of grade 3 neutropenia as only 
4.6%. The low rate of hematological complications of the 
FOLFOX regimen has been confirmed in other studies as 
well (Liu, 2009; Wang et al., 2019a). The frequency of 
gastrointestinal complications including nausea, vomiting 
and diarrhea for FLOT and FOLFOX regimens was 
35% and 25%, respectively, and this difference was not 
statistically significant. These findings were consistent 
with the results of the study by Farrokhi et al., 2022a) 
who did not report a significant difference in the incidence 
of gastrointestinal symptoms in patients treated with 
FOLFOX and FLOT chemotherapy regimens. Chen et al., 
(2014) reported the frequency of nausea and vomiting in 
patients treated with the FOLFOX regimen to be 21%. The 
rate of nausea and vomiting reported in patients treated 
with FOLFOX regimen was 25.5% and 19%, respectively 
in Pourghasemian et al.,(2020)’s study and Beliak et al., 
(2021)’s study.

Also, in our study, we examined the predictive factors 
of treatment response in both groups. The results of logistic 
regression analysis showed that the rate of complete 
response to FOLFOX treatment was significantly better 
in younger patients, women, and in patients with lower 

tumor size. Moreover, in patients treated with FOLT, 
the complete response rate was lower in patients with 
tumor size higher than T2. These results were in line with 
the results of studies conducted in this field (Al-Batran 
et al., 2019; Wang et al., 2019a; Beliak et al., 2021; 
Farrokhi et al., 2022a). Accordingly, younger patients and 
women seem to show a better response to perioperative 
chemotherapy with the FOLFOX regimen. The reason for 
this could be the better anti-tumor immunological response 
in these people, although due to the lack of investigation 
of this relationship with previous studies, there is a need 
to conduct more studies to prove this relationship. In 
the case of FLOT chemotherapy regimen, there was no 
significant relationship between age and gender of patients 
with pathological response to treatment.

Our study has strengths and weaknesses that should 
be noted. The most important weakness of the present 
study was the observational design of the study and only 
the findings recorded in the patients were used, which can 
affect the results. Also, in this study, due to the short period 
of the study and the lack of follow-up of the patients, 
we were not able to estimate the survival of the patients 
in the treatment methods. The design of randomized 
controlled clinical trial studies with proper follow-up 
can help to estimate the results more accurately. The 
most important strength of our study was to compare the 
efficacy and side effects of FOLFOX and FLOT regimens 
in perioperative chemotherapy in resectable GC based on 
pathological response in a suitable sample size of patients 
in a prospective cohort study.

In conclusion, our study showed that perioperative 
FLOT regimen has a better pathological response than 
FOLFOX regimen in patients with resectable GC. The 
frequency of neurological complications and hair loss 
was significantly higher in patients treated with FLOT 
regimen, while no significant difference was observed for 
other complications and death between the two groups. 
Perioperative FLOT regimen can be recommended as 
the preferred chemotherapy regimen for the treatment of 
patients with GC due to better response to treatment and 
no severe and fatal side effects compared to FOLFOX 
regimen.
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