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Purpose: The trend in neoadjuvant therapy for locally advanced gastric cancer (LAGC) is to 
use more drugs or therapies in combination. This study aimed to assess the safety and 
effectiveness of neoadjuvant chemotherapy with fluorouracil, leucovorin, oxaliplatin, and 
docetaxel (FLOT) plus apatinib in the treatment of LAGC.
Patients and Methods: We collected clinical data from patients with LAGC who received 
neoadjuvant FLOT and apatinib therapy and underwent surgery from January 2017 to 
December 2020. Patients were divided into either the FLOT group (in which patients 
received FLOT neoadjuvant therapy and surgery) or the FLOTA group (in which patients 
received FLOT plus apatinib neoadjuvant therapy and surgery).
Results: The FLOT and FLOTA groups contained 44 and 31 patients, respectively. There 
were significant differences between the FLOT and FLOTA groups in the objective response 
rate (50.00% vs. 80.65%, respectively, p = 0.008) and average change from baseline in the 
target lesion size (−26.16 ± 34.61 vs. −54.32 ± 36.11, respectively, p < 0.001). There were 
also significant differences in the pretreatment clinical tumor-node-metastasis (cTNM) and 
post treatment cTNM stages for the FLOT group (p = 0.001) and for the FLOTA group (p < 
0.001). There were no significant differences between the FLOT and FLOTA groups in post 
neoadjuvant therapy cTNM stages (p = 0.525), R0 rate (p = 0.397), tumor regression grade (p 
= 0.397), or post treatment pathological TNM stage (p = 0.180). Some neoadjuvant therapy- 
related adverse events occurred significantly more frequently in the FLOTA group, including 
diarrhea (all grades), pain (all grades), oral mucositis (all grades), and hand-foot syndrome 
(all grades).
Conclusion: The FLOTA regimen can achieve better perioperative efficacy and acceptable 
toxicity compared with that of the FLOT regimen in neoadjuvant treatment of LAGC. The 
FLOTA regimen for neoadjuvant therapy for LAGC merits further study.
Keywords: chemotherapy, FLOT, FLOTA, LAGC, toxicity

Introduction
Gastric cancer is the fifth most common cancer and the third most common cause of 
cancer death globally.1 Approximately 1 million new cases of stomach cancer are 
diagnosed globally each year.2 China is the country most affected by gastric cancer, 
accounting for 42.6% of the global incidence and 45% of all gastric cancer-related 
deaths.3 Surgery is currently required to cure gastric cancer. However, even after 
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surgery, the prognosis for gastric cancer remains poor.3 

The 5-year survival rate for gastric cancer patients under-
going resection alone is between 23% and 49% in Western 
countries and about 70% in Eastern countries.4 The 5-year 
survival rate is even lower for locally advanced gastric 
cancer (LAGC).5 Currently, more and more randomized 
clinical trials have shown that preoperative and postopera-
tive therapy can improve the prognosis of patients with 
LAGC.2,3,6,7 Neoadjuvant therapy in particular is increas-
ingly being accepted and performed by clinicians. An 
increasing number of neoadjuvant chemotherapy regimens 
for LAGC have been proven to have good efficacy.6,8,9

Among the numerous neoadjuvant chemotherapy regi-
mens, the application of the fluorouracil, leucovorin, oxa-
liplatin, and docetaxel (FLOT) regimen in neoadjuvant 
therapy for gastric cancer began only recently.10 In the 
first large clinical trial, the FLOT protocol demonstrated 
better safety and efficiency than epirubicin, cisplatin, and 
fluorouracil or capecitabine regimens in patients with gas-
tric cancer in 2016.11 The efficacy of FLOT was further 
demonstrated in subsequent clinical trials.12–14 In 2017, 
the AIO-FLOT3 trial showed that patients with LAGC 
who received FLOT neoadjuvant chemotherapy and pro-
ceeded to surgery had favorable survival.12 Results from 
another clinical trial in 2019 showed that perioperative 
FLOT improved overall survival compared with periopera-
tive fluorouracil or capecitabine plus cisplatin and epiru-
bicin in locally advanced, resectable gastric or 
gastroesophageal junction adenocarcinoma.13 In 2020, 
a clinical trial showed that a neoadjuvant FLOT regimen 
has similar safety and effectiveness for LAGC to that of 
a tegafur, gimeracil, and oteracil potassium capsule plus 
oxaliplatin regimen.14 With this evidence, the application 
of FLOT for neoadjuvant therapy in patients with gastric 
cancer will like become more popular.

As the first domestic multi-target tyrosine kinase inhi-
bitor (TKI) in China, apatinib was approved for gastric 
cancer in 2014.15 Apatinib is in widespread use, and has 
been applied to various gastric cancer scenarios.16 

Apatinib combined with chemotherapy can achieve 
a promising efficacy and acceptable safety in adjuvant 
therapy for advanced gastric cancer or neoadjuvant ther-
apy for LAGC.17–19 As a major gastric cancer diagnosis 
and treatment center in central China, we has already 
treated many gastric cancer patients with FLOT or 
apatinib.20,21 Some of these patients received neoadjuvant 
chemotherapy with FLOT plus apatinib (FLOTA). In this 
study, we retrospectively collected and analyzed the 

clinical data for these patients, to provide a reference for 
clinical treatment decisions and the next stage of clinical 
trials.

Patients and Methods
Patients and Eligibility Criteria
We collected clinical data from patients with LAGC who 
received neoadjuvant FLOT and apatinib therapy and 
underwent surgery at The Affiliated Cancer Hospital of 
Zhengzhou University from January 2017 to 
December 2020. The inclusion criteria for these patients 
were as follows: 1) pathologically diagnosed gastric can-
cer; 2) multidisciplinary treatment for LAGC; 3) neoadju-
vant FLOT or FLOTA therapy received; 4) surgically 
resected primary lesion; and 5) complete imaging, clinico-
pathological, and follow-up data.

The study followed the principles of the Declaration of 
Helsinki, and written informed consent was obtained from 
each patient. The study was approved by the Ethics 
Committee of the Cancer Hospital affiliated with 
Zhengzhou University.

Treatment Protocol
Patients were divided into the FLOT and FLOTA groups 
according to the treatment they received. In the FLOT 
group, on day 1, patients were administered intravenous 
5-fluorouracil 2600 mg/m2 via a peripherally inserted cen-
tral catheter for 24 hours. These patients also received 
intravenous leucovorin 200 mg/m2, oxaliplatin 85 mg/m2, 
and docetaxel 50 mg/m2. The treatment was repeated 
every 2 weeks, up to a maximum of four cycles.

In the FLOTA group, patients received apatinib 
500 mg/m2 orally starting from day 1, in addition to 
receiving the same neoadjuvant chemotherapy regimen as 
in the FLOT group. The administration of apatinib was 
discontinued 7–14 days before surgery.

If severe toxicity occurred, apatinib and chemotherapy 
treatment was delayed until patient recovery, for 
a maximum of two weeks. All patients in both groups 
underwent surgical resection between 14 and 21 days 
after the completion of the last cycle of neoadjuvant ther-
apy. Partial or total gastrectomy with D2 lymphadenect-
omy was performed.

Evaluation
Data were collected for medical history, physical examina-
tion, weight, Eastern Cooperative Oncology Group 
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performance status (ECOG PS), complete blood count, 
and blood chemical tests at baseline and before the start 
of every neoadjuvant therapy cycle. Restaging by com-
puted tomography (CT) or magnetic resonance imaging 
and endoscopy was done before surgery. Post neoadjuvant 
therapy tumor response evaluation was categorized as 
complete response (CR), partial response, stable disease, 
or progressive disease according to the response evalua-
tion criteria in solid tumors. Differences in the objective 
response rate (ORR) and disease control rate (DCR) 
between the two groups were also assessed.

Tumor regression grading was performed according to 
the American Joint Committee on Cancer (AJCC) four- 
tiered grading system. Tumor staging (tumor-node- 
metastasis, TNM) was performed according to the seventh 
AJCC/Union for International Cancer Control tumor-node- 
metastasis classification for gastric cancer. All patients 
were assessed for toxicity according to the National 
Cancer Institute ’s common terminology criteria for 
adverse events version 4.0.

Statistical Analysis
All statistical analyses were performed using SPSS 21.0 
software for Windows (IBM, Armonk, NY, USA). 
Quantitative variables are presented as medians (range) 
or number of patients (percentage). The Wilcoxon rank 
sum test with continuity correction was used for contin-
uous variables. Fisher’s exact test was used for classifica-
tion variables. All statistical analyses were two-sided, and 
p < 0.05 was considered statistically significant. The data-
base was locked for statistical analysis in December 2020, 
and this was a descriptive analysis.

Results
Patient Characteristics
The basic characteristics of LAGC patients in this study 
are listed in Table 1. The FLOT and FLOTA groups 
contained 44 and 31 patients, respectively. These groups 
had average ages of 59.25 ± 7.76 and 60.19 ± 7.31 years, 
respectively. Almost all patients had a good performance 
status (ECOG PS 0/1). The histological subtypes 
included adenocarcinoma (not evaluated) (27.27% for 
FLOT vs. 32.26% for FLOTA), poorly differentiated 
adenocarcinoma (52.27% vs. 54.84%, respectively), and 
moderately and well-differentiated adenocarcinoma 
(20.45% vs. 16.13%, respectively). The pretreatment 
clinical TNM (cTNM) stages included IIB (9.10%), III 

(84.09%), IV (6.82%) for the FLOT group, and IIB 
(6.45%), III (80.65%), IV (12.90%) for the FLOTA 
group. There were no significant differences between 
the groups in terms of general patient characteristics 
(Table 1).

Clinical Effectiveness
The post neoadjuvant therapy CT evaluations are shown in 
Table 2. One of the 44 patients in the FLOT group and 
four of the 31 patients in the FLOTA group achieved CR. 
The FLOT group had an ORR of 50.00% and a DCR of 
88.64%. The FLOTA group had an ORR of 80.65% and 
a DCR of 93.55%. The groups differed significantly with 
regard to ORR (50.00% vs. 80.65%, p = 0.008; Table 2) 
and average change from baseline in target lesion size 
(−26.16 ± 34.61 vs. −54.32 ± 36.11, p < 0.001, Table 2 
and Figure 1). The post neoadjuvant therapy cTNM 
(ycTNM) stages were I (4.55%), IIA (20.45%), IIB 
(11.36%), and III (63.64%) for the FLOT group, and 
I (12.90%), IIA (25.81%), IIB (9.68%), and III (51.61%) 
for the FLOTA group. There were significant differences 
in cTNM stage and ycTNM stage for the FLOT group (p = 
0.001) and for the FLOTA group (p < 0.001). There were 
no significant differences in ycTNM stages for the two 
groups (p = 0.525).

The clinicopathological results of both groups are 
shown in Table 3. The R0 rate for the FLOT group was 
90.91%, and for the FLOTA group it was 96.77%. The 
percentages for tumor regression grades (TRGs) 0, 1, 2, 
and 3 for the FLOT group were 2.23%, 40.91%, 29.55%, 
and 27.27%, respectively; for the FLOTA group they were 
9.68%, 54.84%, 22.58%, and 12.90%, respectively. The 
percentages for post treatment pathological TNM 
(ypTNM) stages I, II, and III for the FLOT group were 
4.55%, 29.55%, and 65.91%, respectively; for the FLOTA 
group they were 12.90%, 41.94%, and 45.16%, respec-
tively. There were no significant differences in R0 rate, 
TRG, or ypTNM stage for the two groups.

Toxicity Evaluation
Neoadjuvant therapy-related adverse events (AEs) 
appeared to be more prevalent in the FLOTA group than 
in the FLOT group (Table 4). Most AEs were grade 1 or 2, 
although a few were grade 3 or 4; no drug-related deaths 
occurred. Some AEs occurred significantly more fre-
quently in the FLOTA group, including diarrhea (all 
grades), pain (all grades), oral mucositis (all grades), and 
hand-foot syndrome (all grades) (Table 4).
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The postoperative complications of the two groups are 
shown in Table 5. There was no significant difference in 
postoperative stay at the hospital between the two groups, 
and the median length of stay in both cases was 10 days. 
There was no significant difference in overall postopera-
tive morbidity between the two groups (Table 5). One 
patient underwent reoperation for intra-abdominal hemor-
rhage in the FLOT group. There were no deaths owing to 
postoperative complications in either group.

Discussion
Neoadjuvant therapy has been used for gastric cancer for 
more than 10 years.6,22 The purpose of neoadjuvant ther-
apy includes further reducing the lesion size, improving 

the R0 resection rate, inhibiting micro-metastases, redu-
cing the risk of tumor recurrence, and determining the 
sensitivity of patients to the corresponding treatment in 
advance.6 The current National Comprehensive Cancer 
Network recommendations for neoadjuvant chemotherapy 
include fluorouracil and cisplatin, fluorouracil and oxali-
platin, and FLOT.6 The neoadjuvant efficacy of FLOT was 
confirmed to be superior to that of the other two regimens 
in the latest clinical trial results.13 At present, FLOT is also 
the first recommendation for neoadjuvant chemotherapy in 
the diagnosis and treatment guidelines of the Chinese 
Society of Oncology.3 The trend in neoadjuvant therapy 
for LAGC is to use more drugs or therapies in combina-
tion, such as more chemotherapy drug combinations,13 

a combination of chemotherapy and radiotherapy,23 or 
targeted combination chemotherapy.18 With the successful 
verification of targeted therapy combined with immu-
notherapy in advanced gastric cancer,24,25 this approach 
is also likely to be used in neoadjuvant therapy for LAGC. 
We believe this trend is occurring because the most impor-
tant goals of neoadjuvant therapy are reduction and 

Table 1 Baseline Characteristics

Characteristics FLOT 
Group (n = 

44)

FLOTA 
Group (n = 

31)

p-value

Sex 0.600

Male 31 (70.45%) 24 (77.42%)
Female 13 (29.55%) 7 (22.58%)

Age 59.25 ± 7.76 60.19 ± 7.31 0.628

ECOG PS 0.879
0 32 (72.73%) 22 (70.97%)

1 11 (25.00%) 9 (29.03%)

2 1 (2.27%)

Tumor site 0.489

Upper 25 (56.82%) 16 (51.61%)
Middle 9 (20.45%) 10 (32.26%)

Lower 10 (22.73%) 5 (16.13%)

Histological type 0.733

Adenocarcinoma 

(not evaluated)

12 (27.27%) 10 (32.26%)

Poorly 

differentiated 

adenocarcinoma

23 (52.27%) 17 (54.84%)

Moderately and 

well-differentiated 

adenocarcinoma

9 (20.45%) 4 (12.90%)

cTNM stage (CT)a 0.657

IIB 4 (9.10%) 2 (6.45%)
III 37 (84.09%) 25 (80.65%)

IV 3 (6.82%) 4 (12.90%)

Notes: aThese cTNM IV patients all had less than three metastases. Data are 
presented as numbers (percentages) or means ± standard deviations. 
Abbreviations: FLOT, neoadjuvant chemotherapy with fluorouracil, leucovorin, 
oxaliplatin, and docetaxel; FLOTA, neoadjuvant therapy with FLOT and apatinib; 
ECOG PS, Eastern Cooperative Oncology Group performance status; cTNM stage, 
pretreatment clinical tumor-node-metastasis stage; CT, computed tomography.

Table 2 Post Neoadjuvant Therapy CT Evaluation

Parameters FLOT Group  
(n = 44)

FLOTA Group  
(n = 31)

p-value

Response rate 0.022

CR 1 (2.27%) 4 (12.90%)

PR 21 (47.73%) 21 (67.74%)
SD 17 (38.64%) 4 (12.90%)

PD 5 (11.36%) 2 (6.45%)

ORR 50.00% (22/44) 80.65% (25/31) 0.008

DCR 88.64% (39/44) 93.55% (29/31) 0.693

Diameter 
changes from 

baseline in 

target lesion 
(mm)

−26.16 ± 34.61 −54.32 ± 36.11 <0.001

ycTNM stage 
(CT)

0.525

I 2 (4.55%) 4 (12.90%)

IIA 9 (20.45%) 8 (25.81%)
IIB 5 (11.36%) 3 (9.68%)

III 28 (63.64%) 16 (51.61%)

Note: Data are presented as numbers (percentages). 
Abbreviations: CT, computed tomography; FLOT, neoadjuvant chemotherapy 
with fluorouracil, leucovorin, oxaliplatin, and docetaxel; FLOTA, neoadjuvant ther-
apy with FLOT and apatinib; CR, complete response; PR, partial response; SD, stable 
disease; PD, progressive disease; ORR, objective response rate; DCR, disease 
control rate; ycTNM stage, post treatment clinical tumor-node-metastasis stage.
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degradation, and because combining as many approaches 
as possible is more conducive to achieving this goal. 
Based on these factors, we have started to combine 
FLOT and apatinib, a targeted drug that is widely used 

for advanced gastric cancer in China, for neoadjuvant 
therapy in LAGC. Owing to the short follow-up period, 
we could not obtain sufficient overall survival data, so in 
this study we analyzed selected important data from the 
perioperative period of enrolled patients.

In this study, we retrospectively collected and analyzed 
clinical data for LAGC patients who received neoadjuvant 
therapy with FLOT or FLOTA and compared these two 
groups. The efficacy in the FLOT group in this study was 
similar to that observed in several other studies.11–14, 26 

The FLOT plus apatinib combination therapy did not 
result in significantly higher DCR, nor did it significantly 
improve the TRG and ypTNM stages. We considered that 
this may be related to the small sample size. Nevertheless, 
the combination therapy results in significantly higher of 
ORR and significantly improve of the reduction degree of 
target lesion diameter. This suggests that apatinib can be 
added to the FLOT regimen for neoadjuvant therapy for 
LAGC to achieve a more desirable therapeutic effect. 
Notably, apatinib plus S-1 and oxaliplatin also showed 
predictable efficacy and good safety in neoadjuvant treat-
ment of LAGC in a recent clinical trial.18 This suggests 
again that apatinib is a promising addition to neoadjuvant 
therapy in gastric cancer. However, we are unsure which 
chemotherapy regimen will be more effective in combina-
tion with apatinib. This requires further comparative 

Figure 1 Maximum percentage change in target lesion size after neoadjuvant therapy with fluorouracil, leucovorin, oxaliplatin, and docetaxel (FLOT) (A), or FLOT plus 
apatinib (B). Horizontal dashed lines represent the criteria for progressive disease (20% increase in target lesion size) and partial response (30% decrease in target lesion 
size), as evaluated according to the Response Evaluation Criteria in Solid Tumors version 1.1.

Table 3 Clinicopathological Results for the Two Groups

Parameters FLOT Group 
(n = 44)

FLOTA Group 
(n = 31)

p-value

Extent of 

resection

0.397

R0 40 (90.91%) 30 (96.77%)

R1 4 (9.10%) 1 (3.23%)

TRG 0.201

0 1 (2.23%) 3 (9.68%)

1 18 (40.91%) 17 (54.84%)
2 13 (29.55%) 7 (22.58%)

3 12 (27.27%) 4 (12.90%)

ypTNM stage 

(pathological)

0.180

I 2 (4.55%) 4 (12.90%)
II 13 (29.55%) 13 (41.94%)

III 29 (65.91%) 15 (45.16%)

Note: Data are presented as numbers (percentages). 
Abbreviations: FLOT, neoadjuvant chemotherapy with fluorouracil, leucovorin, 
oxaliplatin, and docetaxel; FLOTA, neoadjuvant therapy with FLOT and apatinib; 
TRG, tumor regression grade; ypTNM stage, post treatment pathological tumor- 
node-metastasis stage.
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studies. One study has shown that although neoadjuvant 
therapy is effective in perioperative evaluation of patients, 
long-term follow-up shows that neoadjuvant therapy does 
not improve long-term survival.27 This is one of the main 
points made by some studies casting doubt on neoadjuvant 
therapy.28 Therefore, to determine whether FLOTA neoad-
juvant therapy improves long-term survival, it is necessary 
to continue with long-term follow-up of patients.

Clearly, the more drugs used in combination with neoad-
juvant therapy, the more AEs.28 Studies have confirmed that 
either FLOT or apatinib is safe for the treatment of gastric 
cancer.11,29,30 However, when the two regimens are com-
bined, patients receive three cytotoxic drugs and a multi- 
target TKI at the same time, which is likely more toxic. 
Other studies have shown that multi-target TKIs signifi-
cantly enhance toxicity when used in combination with 
chemotherapy.31 The above reasons were the main concerns 
when we treated patients with the combination therapy in 
this study. We noted a significant increase in toxicity in the 
combined group, especially for diarrhea, pain, oral mucosi-
tis, and hand-foot syndrome. However, all patients were 
able to tolerate the toxicity of the combination therapy 
and successfully completed the treatment plan. This indi-
cates that the addition of apatinib to FLOT is safe and 

tolerable, although it increases the incidence and intensity 
of toxicity. There was no significant difference in postopera-
tive complications between the two groups. This suggests 
that preoperative treatment does not lead to an increase in 
the incidence of postoperative complications, as long as 
a sufficient time interval is maintained.

The main limitations of this study are its retrospective 
nature, small sample size, and short follow-up period. In 
addition, the inclusion of stage IV patients might have 
affected the results. Despite these deficiencies, we can con-
firm that FLOTA is safe and effective for neoadjuvant 
treatment of LAGC. To overcome the deficiencies of this 
study, prospective studies should be conducted, as well as 
comparative studies of apatinib in combination with other 
treatment regimens. In addition, efficacy markers for this 
treatment should also be studied simultaneously.

Conclusions
This study offers preliminary confirmation that the FLOTA 
regimen can achieve better perioperative efficacy and accep-
table toxicity compared with that of the FLOT regimen in 
neoadjuvant treatment of LAGC. The FLOTA regimen for 
neoadjuvant therapy for LAGC merits further study.

Table 4 Neoadjuvant Therapy-Related Adverse Effects in the Two Groups

Characteristics FLOT Group (n = 44) FLOTA Group (n = 31) p-value

All Grades Grade > 3 All Grades Grade > 3 All Grades Grade > 3

Leukopenia 36 (81.82%) 3 (6.82%) 29 (93.55%) 4 (12.90%) 0.181 0.438

Anemia 36 (81.82%) 1 (2.27%) 28 (90.32%) 3 (9.68%) 0.346 0.300
Peripheral neuropathy 30 (68.18%) 1 (2.27%) 23 (74.19%) 1 (3.23%) 0.616 1.000

Nausea 29 (65.91%) 2 (4.55%) 25 (80.65%) 3 (9.68%) 0.198 0.643

Diarrhea 27 (61.36%) 3 (6.82%) 27 (87.10%) 2 (6.45%) 0.019 1.000
Pain 23 (52.27%) 1 (2.27%) 24 (77.42%) 2 (6.45%) 0.031 0.566

Thrombocytopenia 18 (40.91%) 0 (0%) 14 (45.16%) 1 (3.23%) 0.814 0.413

Transaminase increase 18 (40.91%) 1 (2.27%) 15 (48.39%) 1 (3.23%) 0.638 1.000
Vomiting 14 (31.82%) 1 (2.27%) 14 (45.16%) 0 (0%) 0.333 1.000

Oral mucositis 13 (29.55%) 0 (0%) 19 (61.29%) 2 (6.45%) 0.009 0.168

Anorexia 13 (29.55%) 0 (0%) 16 (51.61%) 0 (0%) 0.060 1.000
Fatigue 12 (27.27%) 0 (0%) 16 (51.61%) 2 (6.45%) 0.052 0.168

Fever 10 (22.73%) 0 (0%) 9 (29.03) 0 (0%) 0.596 1.000

Constipation 10 (22.73%) 0 (0%) 5 (16.13%) 0 (0%) 0.567 1.000
Hypertension 8 (18.18%) 0 (0%) 11 (35.48%) 1 (3.23%) 0.110 0.413

Proteinuria 1 (2.27%) 0 (0%) 4 (12.90%) 0 (0%) 0.153 1.000

Hand-foot syndrome 0 (0%) 0 (0%) 7 (22.58%) 0 (0%) 0.001 1.000
Toxic death – 0 (0%) – 0 (0%) 1.000

Note: Data are presented as numbers (percentages). 
Abbreviations: FLOT, neoadjuvant chemotherapy with fluorouracil, leucovorin, oxaliplatin, and docetaxel; FLOTA, neoadjuvant therapy with FLOT and apatinib.
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Abbreviations
AJCC, American Joint Committee on Cancer; CR, Complete 
response; CT, Computed tomography; DCR, Disease control 
rate; FLOT, Fluorouracil, leucovorin, oxaliplatin, and doce-
taxel; FLOTA, Fluorouracil, leucovorin, oxaliplatin, and doc-
etaxel plus apatinib; LAGC, Locally advanced gastric cancer; 
ORR, Objective response rate; TKI, Tyrosine kinase inhibitor; 
TNM, Tumor-node-metastasis.
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