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Impact of neoadjuvant FLOT
treatment of advanced gastric and
gastroesophageal junction cancer
following surgical therapy
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Introduction: Therapeutic treatment for advanced-stage (T2–T4)
gastroesophageal junction (GEJ) and gastric cancer involves neoadjuvant
chemotherapy with subsequent surgical intervention.
Method: Neoadjuvant oncological treatment for GEJ and gastric cancer previously
consisted of the intravenous administration of epirubicin, cisplatin and fluorouracil
(ECF) or epirubicin, cisplatin and capecitabine (ECX) combination (Group 1). The
new protocol (FLOT, F: 5-FU, L: leucovorin, O: oxaliplatin, T: docetaxel),
included patients with resectable GEJ and gastric cancer who had a clinical
stage cT2 or higher nodal positive cN+ disease (Group 2). Between 31
December 2008 and 31 October 2022, the effect of different oncological
protocols in terms of surgical outcomes in cases of T2–T4 tumours were
retrospectively evaluated. Results of randomly assigned patients from the earlier
ECF/ECX protocol (n= 36) (Group 1) and the new FLOT protocol (n= 52) (Group
2) were compared. Effect of different neoadjuvant therapies on tumour
regression, types of possible side effects, type of surgery, and oncological
radicality of surgical procedures were analysed.
Results: When comparing the two groups, we found that in case of the FLOT
neoadjuvant chemotherapy (Group 2, n= 52), complete regression was achieved
in 13.95% of patients, whereas in the case of ECF/ECX (Group 1, n= 36),
complete regression occurred in only 9.10% of patients. Furthermore, in the
FLOT group, the mean number of lymph nodes removed was slightly higher
(24.69 vs. 20.13 in the ECF/ECX group). In terms of the safety resection margin
(proximal), no significant difference was found between the two treatment
groups. Nausea and vomiting were the most common side effects. The
occurrence of diarrhea was significantly higher in the FLOT group (p= 0.006).
Leukopenia and nausea occurred more commonly with the old protocol
Abbreviations

GEJ, gastroesophageal junction; AJCC, Cancer Staging Manual: American Joint Committee on Cancer (AJCC)
staging; TNM, The TNM Classification of Malignant Tumors; Stata, Statistical software for data science;
ANOVA,: The Analysis Of Variance; ECF/ECX, Epirubicin, Cisplatin and Fluorouracil (ECF), or Epirubicin,
Cisplatin and Capecitabin (ECX); FLOT, 5-FU, leucovorin, oxaliplatin, docetaxel; iv, intravenous; inf,
infusion; p.o, per os; ASA, American Society of Anesthesiology) score; ECOG, Eastern Cooperative
Oncology Group (ECOG) Performance Status; ECG, Electrocardiography; ECHO, heart ultrasound; MRI,
magnetic resonance imaging; CT, computed tomography; TRG, tumour regression grade; CEA,
Carcinoembryonalis antigen; CA 19-9, Cancer antigen 19,9; neoadjuvant KT, neoadjuvant chemotherapy;
HGB, hemoglobin; HTK, hematocrit; pCR, pathologic complete response; HIPEC, hyperthermic
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(Group 1). The rate of neutropenia was lower following FLOT treatment (p=0.294), with the
lack of grade II and III cases. Anaemia occured at a significantly higher rate (p=0.036) after
the ECF/ECX protocol.
Conclusions: As a result of the FLOT neoadjuvant oncological protocol for advanced
gastro-esophageal junction and gastric cancer, the rate of complete tumour regression
increased significantly. The rate of side effects was also appreciably lower following the
FLOT protocol. These results strongly suggest a significant advantage of the FLOT
neoadjuvant treatment used before surgery.
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Introduction

The incidence of GEJ or gastric cancers vary with different

geographic locations. Based on a GLOBOCAN 2020 database,

gastric cancer is the fourth leading cause of cancer related deaths.

In 2020 about 1,1 M newly diagnosed cases were registered

worldwide (1, 2).

The rates of primary esophageal adenocarcinoma and tumours

of the gastroesophageal junction (Barrett’s adenocarcinoma) are

constantly on the rise (3, 4). As opposed to the Siewert–Stein

topographical classification (I to III) used previously (5–7), the

AJCC Cancer Staging Manual (8th edition TNM) classifies cardia

tumours into two large groups based on their behaviour and

management (8). The first group consists of patients previously

included in the Siewert I and II classes, and their treatment

should follow the principles to be used in patients with

esophageal tumours. Patients in the prior Siewert III class now

belong to the second group, where treatment used in gastric

tumour patients should be employed.

Neoadjuvant oncological treatments have been used routinely

around the world for several decades now. The first treatments

were developed specifically so that tumours in an inoperable stage

can be subjected to surgery after a favourable response (7).

Treatments with modified indications were introduced later. In

these cases, the objective was not only to achieve operability but

also to preserve organs and achieve better oncological results (9, 10).

Many questions have arisen during the evolution of

neoadjuvant treatments (11, 12). What should the indications be

exactly, what should the treatment consist of, when should

restaging assessments be performed, and what is the best time of

surgery (6)? In this study, we evaluated the change in the

chemotherapy component of the neoadjuvant therapy. Previous

treatment with 3 cycles of ECF/ECX (epirubicin, cisplatin and

fluorouracil [ECF], or epirubicin, cisplatin and capecitabine

[ECX]) was replaced by 4 cycles of FLOT (5-FU, leucovorin,

oxaliplatin, docetaxel) (13–15).

At our department, in accordance with the protocols used

previously, neoadjuvant oncological treatment is indicated for

stage T2–4 advanced gastric and cardia tumours, because of the

size of the tumour, local spreading and/or lymph node

involvement. This therapy has numerous advantages over the
02
adjuvant treatment administered later. It has been demonstrated

to decrease the size of the tumour (downsizing) and tumour

regression may occur in case of a favourable response

(downstaging). Downsizing and downstaging together contribute

to an increased ratio of resectability and, with it, a higher chance

of organ preserving surgery, which considerably improves the

later quality of life of patients.

An argument for the preoperative treatment is that tissues have

better blood and oxygen supply before the planned surgery, which

improves their sensitivity to the treatment. At the same time, the

regeneration ability is also better compared with the

postoperative adjuvant therapy. The beneficial effect of

neoadjuvant therapy on survival has been shown previously (16).

During our research, the effects of modifying the neoadjuvant

oncological treatment protocol on tumour regression, the results of

the surgical–oncological interventions, the number of lymph nodes

removed, the resection margins and the surgical complications, as

well as the side effect profile of the treatments, were evaluated.
Material and methods

Review Board of Human Investigations at the University of

Szeged, Hungary, approval number: 117/2020-SZTE.

Neoadjuvant chemotherapy: Previously, patients received a

combination of epirubicin, cisplatin and fluorouracil (ECF), and

then they were switched to the combination of epirubicin,

cisplatin, and capecitabine (ECX). During the ECF/ECX

treatment, epirubicin 5 mg/m2 (on Day 1), cisplatin 60 mg/m2

(on Day 1), and 5-FU 200 mg/m2 (or capecitabine 1,250 mg/m2

orally, divided into two doses between Day 1 and Day 21) were

administered every three weeks. The new pre-treatment was the

FLOT therapy, the components and dosages of which were as

follows:.

FLOT therapy:

F: 5-FU 2,600 mg/m2 in 24-hour IV infusion on Day 1

L: leucovorin 200 mg/m2 in IV infusion on Day 1

O: oxaliplatin 85 mg/m2 in IV infusion on Day 1

T: docetaxel 50 mg/m2 in IV infusion on Day 1

repeated every two weeks.
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Study period

Data from gastric and cardia tumour patients receiving

neoadjuvant therapy and then surgery at the Department of

Surgery of the University of Szeged between 31 Dec 2008 and 31

Oct 2022 were evaluated during the research.
Patient inclusion criteria

The criteria for inclusion included disease resectability and an

initial stage of at least T2 (advanced), without distant metastases

and with lymph node positivity (cN+).
Patient exclusion criteria

Exclusion criteria included potentially irresectable tumors with

distant metastasis and patient unfit for neoadjuvant FLOT

chemotherapy.
Patient demographics

Data from a total of 88 patients (35 females and 53 males) were

evaluated. The ECF/ECX group (Group 1, n = 36) included 36

patients, whereas FLOT was administered to 52 patients

(Group 2, n = 52).

The mean age of patients and its distribution by gender and

treatment group were assessed. In addition, BMI and ASA of the

patients were analysed by treatment group.
Investigations

As part of routine investigations, patients were subjected to

oesophago-gastroscopy, sample collection for histology,

oncological staging, laboratory tests, and consultation with an

anaesthetist. Additional cardiac risk assessment was also

performed (ECG, cardiac ultrasound), if it was required.

The T stage was determined using a CT/MRI scan and/or

endosonography. No second, restaging MRI scan was performed

after the different neoadjuvant oncological treatments.

The ratio of cases with endosonography performed increased

over time.

Tumour marker measurements: CEA and CA 19-9 levels were

determined in the laboratory before the start of treatment.
Decision by the tumour board

Decision on neoadjuvant treatment was made in each case by

the multidisciplinary (oncology) tumour board. Provided that the

patient accepted decision on pre-treatment, neoadjuvant

chemotherapy could be initiated. Patients with metastatic or

irresectable disease were excluded from this study.
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Timing of surgery

The time to surgery (days) was evaluated both in patients

receiving the ECF/ECX treatment protocol and in those subjected

to the neoadjuvant FLOT therapy.

The type of further surgical treatment was also determined or

much affected by the location of the disease.
Surgical treatment

During the two different neoadjuvant treatments, surgeries

were performed by the same three surgeons experienced in

gastric and esophageal surgery. Both open and laparoscopic

procedures were performed, using standardised surgical

techniques. The technique used was decided by the operating

surgeon in each case. Total gastrectomy was carried out with

open surgical technique only. Both open surgery and a minimally

invasive technique (laparoscopic abdominal phase and

thoracoscopy-assisted thoracic phase) were used for cardia

resections. Upper midline laparotomy was used for total

gastrectomies. Standard D2 lymphadenectomy was performed

during both total gastrectomies and cardia resections. During the

gastrectomies, a nasojejunal tube was inserted through the

anastomosis, all the way below the level of the distal anastomosis,

and early enteral feeding was started through it on postoperative

day 2. The proximal anastomosis was an end to side

esophagojejunal type, made with size 25 circular stapler. The end

of the small afferent loop was closed with a linear stapler. The

distant anastomosis was handsewn in one layer in the jejunum,

40 cm from the proximal anastomosis. These were end to side

anastomoses. In case of cardia resections, a nasogastric tube was

inserted into the gastric conduit through the esophagogastric

anastomosis, with the purpose of decompression. During the

abdominal phase, a jejunal catheter was also inserted to start

early enteral feeding. For the minimally invasive cardia

resections, the abdominal phase was performed laparoscopically.

Main steps of the procedure: preparation of the greater curvature,

gastric conduit formation using endoscopic staplers, complete

lymphadenectomy, transhiatal mobilisation of the distal third of

the esophagus, jejunal catheter insertion, abdominal drainage.

After changing patient position, the thoracoscopy-assisted

thoracic phase was performed. The proximal anastomosis was an

end to side esophagogastric type, made with size 25 circular

stapler. The end of the small gastric afferent loop was closed

with a linear stapler. The specimen was removed using mini-

thoracotomy. A nasogastric tube was inserted into the gastric

conduit through the anastomosis, and two chest drains were left

in place.
Follow-up

Patients were surgically followed up 1 week, 1 month and 1

year after being discharged. The mean follow-up of operable
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patients was 26 months. At the same time, patients were receiving

continuous oncological follow-up and care, and their follow-up is

still ongoing to this day. Oncological follow-up is done according

to the international protocols.
TABLE 1 Mean BMI, mean age, and gender distribution by oncological
protocol (ECF/ECX and FLOT).

Type of
neoadjuvant
therapy

ECF/ECX
(n = 36)

FLOT
(n = 52)

p-value

Age (with SD) 59.75 ± 11.59 64.48 ± 9.95 p = 0.0435
(Student’s t-test)

Sex (no) Female:
13

Male:
23

Female:
22

Male:
30

p = 0.659
(Fischer exact-

test)

BMI (with SD) 25.45 ± 4.97 25.95 ± 5,07 p = 0.6903
(Student’s t-test)
Studied parameters

1. Side effect profile analysis of oncological treatments:

The different side effects of the two chemotherapies and their

severity were assessed.

2. Comparison of CT images and pathological regression:

We analysed how informative the CT scan performed after the

neoadjuvant oncological treatment was, and how much it

could determine the level of tumour regression. The

analysis involved comparing the findings from the second

CT scan with the TRG determined during the pathological

assessment, and checking the level of correlation between

the results.

3. Timing of surgery during the two treatment periods:

The time from the different treatment methods to the surgeries

was analysed.

4. Distribution of the surgical techniques in the two oncological

periods:

The ratio of minimally invasive to open surgeries was assessed in

the periods corresponding to the two oncological protocols.

5. Assessment of perioperative complications:

Results were also compared by the neoadjuvant treatment and

the surgical technique used. The length of hospital stay

(days), the rate of suture failure, as well as the incidence of

impaired wound healing and wound suppuration were also

assessed. Suture failure was established if contrast leak was

revealed by the swallow test performed using a water-

soluble contrast agent on postoperative day 7.

6. Pathological evaluation methods of the efficacy of the

oncological treatment:

6.1 TRG analysis: The efficiency of the neoadjuvant oncological

treatment was confirmed with a pathological processing of

the specimen obtained during the post-treatment surgery.

In both periods, laparoscopic surgeries were compared with

laparoscopic surgeries and open surgeries were compared

with open surgeries for the studied parameters. The TRG–

Mandard score was the most important studied parameter.

6.2 Proximal resection margin: It was assessed if there was any

difference in the distance from the tumour to the proximal

resection margin between the oncological protocols and

between the different surgical techniques.

6.3 Lymph node status: The two oncological protocols and the

two surgery types were assessed, respectively, for any

difference in the number of regional lymph nodes removed.

Statistics

Statistical analyses were performed with STATA 16 program

(StataCorp, College Station, TX 77845, United States).
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Continuous variables were checked for normality using the

Shapiro–Wilk test. Two-sample t-test and one-way ANOVA were

used to compare the means of two or more samples, respectively.

If the distribution was not normal, then the Wilcoxon rank sum

test or the Kruskal–Wallis test was applied. The proportions were

analysed using the chi-squared test and Fisher’s exact test.

Henceforward, significant results are indicated using asterisks

(*p≤ 0.05; **p≤ 0.01; ***p≤ 0.001). The abbreviation “NS” will

be used for non-significant p-values.
Results

Patient demographics

Data from a total of 88 patients were evaluated in our research,

with 36 patients in the ECF/ECX group (Group 1, n = 36) and 52

patients receiving FLOT (Group 2, n = 52).

There were 35 female and 53 male patients. Mean age was

61.65 years in women and 62.35 years in men. There was no

significant difference in gender distribution between the ECF/

ECX group (Group 1) and the FLOT group (Group 2). (Fisher’s

exact test; p = 0.659) As to mean age, there was a significant

difference between the ECF/ECX group (Group 1) and the FLOT

group (Group 2) (Student’s t-test; p = 0.0435).

The mean body mass index of the patients in the two different

neoadjuvant treatment groups was almost the same (25.50 in the

ECF/ECX group vs. 25.90 in the FLOT group). There was no

significant difference in the mean BMI between the ECF/ECX

group (Group 1) and the FLOT group (Group 2). (Student’s t-

test p = 0.6903) (Table 1).

There was no significant difference between the ECF/ECX

group (Group 1) and the FLOT group (Group 2) in ASA

classification, including the ASA 1, ASA 2, and ASA 3 classes

each (Fisher’s exact test) (Table 2).
Tumour locations

The most frequent tumour location was the middle third of the

stomach (in 32 out of 88 cases, 36.36%), and the tumours most often

showed concentric, “napkin ring”-like spreading (Figures 1, 2).
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TABLE 2 ASA classification of patients by treatment group (ECF/ECX
and FLOT).

ASA ECF/ECX,
n = 36

FLOT, n = 52 p-value (Fisher exact test)

1 5/36
13.89%

6/52
11.54%

NS

2 21/36
58.33%

25/52
48.07%

NS

3 10/36
27.78%

21/52
40.38%

NS

4 – – –

5 – – –

Paszt et al. 10.3389/fsurg.2023.1148984
Radiological assessment results

A CT scan was performed in all 88 cases and a lesion could be

diagnosed already with the CT scan in 66 cases (75.00%). A

second CT scan after the completion of the treatment was

performed in 66 cases (75.00%). An MRI scan was performed

before the start of the treatment, during the previous

oncological therapy (ECF/ECX) in 5.56% of the cases, whereas

it was performed during the modified oncological therapy

(FLOT) in 17.30% of the cases. No second MRI scan was

performed after the different neoadjuvant oncological therapies.

Certainly, this ratio has improved considerably in accordance

with the international recommendations. The ratio of cases

with endosonography performed increased over the study

period. Endosonography was performed in 38.90% of the cases

before the initiation of the previous oncological treatment

protocol and in 59.60% of the cases before the modified

oncological treatment (FLOT) (Table 3).

The laboratory measurement of CEA and CA 19-9 levels did

not prove to be informative because of the too high SD values.
FIGURE 1

Location of gastric and gastric cardia tumours by treatment group (ECF/ECX

Frontiers in Surgery 05
In accordance with the literature, these markers have an

emphasised role rather during follow-up.

Based on radiological imaging methods, patients usually had an

N0, N1 or N2 lymph node involvement, with only 4 patients having

a stage N3 gastric tumour included in the study. In case of

metastasis, the radiological picture of the distant metastasis was

not typical and, therefore, the diagnosis of a metastasis could not

be confirmed safely.

As to the initial T stage (including T1, T2, T3, and T4 each),

there was no significant difference between the ECF/ECX group

(Group 1) and the FLOT group (Group 2) (Fisher’ exact test; p =

0.082).

The difference in the initial N stage between the ECF/ECX

group (Group 1) and the FLOT group (Group 2) was not

significant (Fisher’s exact test; p = 0.603).

As to the initial M stage, there were no cases with distant

metastasis in either the ECF/ECX group (Group 1) or the FLOT

group (Group 2) (Figure 3).
Side effect profile analysis
a) Diarrhoea: A change in bowel habits is a very common side

effect during chemotherapy. During ECF/ECX therapy, Grade

1 diarrhoea occurred in 2 out of the 36 cases (5.55%); Grade

2 diarrhoea was developed in 1 out of the 36 cases (2.78%);

and Grade 3 diarrhoea was not reported. During the FLOT

therapy, Grade 1 diarrhoea occurred in 10 out of the 52

cases (19.23%); Grade 2 diarrhoea was developed in 3 out of

the 52 cases (5.77%); and Grade 3 diarrhoea was reported in

1 out of the 52 cases (1.92%). There was a significant

difference between the ECF/ECX group (Group 1) and the

FLOT group (Group 2) in the rate of diarrhoea (Grade 1, 2,

and 3 diarrhoea each) (Fisher’s exact test; p = 0.006).
and FLOT).
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FIGURE 2

Location of cardia tumours according to the Siewert classification by oncological treatment group (ECF/ECX and FLOT).

TABLE 3 Imaging examinations performed by treatment group (ECF/ECX
and FLOT).

Diagnostic procedure ECF/ECX (n = 36) FLOT (n = 52)
Endoscopy 29/36

80.56%
39/52
75.00%

Endosonography 14/36
38.89%

32/52
61.54%

CT 36/36
100.00%

52/52
100.00%

MRI 2/36
5.56%

9/52
17.31%

Paszt et al. 10.3389/fsurg.2023.1148984
b) Weight loss: A small number of patients showed minimal

weight loss during the intravenous chemotherapies. Whereas

Grade 1 weight loss was reported in 2 out of the 36 cases

(5.55%) in the ECF/ECX group, it occurred in 4 out of the

52 cases (7.69%) in the FLOT group. With regard to the side

effect of weight loss, there was no significant difference

between the ECF/ECX and the FLOT treatments (Fisher’s

exact test; p = 1.000).

c) Nausea: The leading symptom of intravenous chemotherapies.

Nausea and vomiting were predominant in this study as well,

occurring in both study periods. During the ECF/ECX

treatment, Grade 1 and Grade 2 nausea occurred in 17

(47.22%) and 2 (5.55%) of the 36 cases, respectively, whereas

during the FLOT treatment, the rates of Grade 1 and Grade

2 nausea were 11 (21.15%) and 2 (3.85%) of the 52 cases,

respectively. There was no significant difference between the

ECF/ECX and FLOT groups in Grade 1 and Grade 2 nausea

and vomiting (Fisher’s exact test; p = 0.192).

d) Neutropenia: No significant difference was demonstrated

between the two oncological protocols in the production of

cellular blood components. Neutropenia was slightly more

common during the ECF/ECX treatment, which was

associated with Grade 1, Grade 2 and Grade 3 neutropenia
Frontiers in Surgery 06
in 2 (5.55%), 1 (2.78%) and 1 (2.78%) of the 36 cases,

respectively, whereas in the FLOT group, Grade 1

neutropenia occurred in 3 out of the 52 cases (5.77%). No

Grade 2 or Grade 3 neutropenia was observed during FLOT

treatment. Regarding neutropenia (including Grade 1, Grade

2, and Grade 3 cases), there was no significant difference

between the ECF/ECX and FLOT treatments (Fisher’s exact

test; p = 0.294).

e) Anaemia: There was a significant difference in the rate of

treatment-emergent anaemia. During the pre-treatment with

ECF/ECX, patients developed Grade 1 and Grade 2 anaemia

in 3 (8.33%) and 2 (5.56%) of the 36 cases, respectively. The

FLOT therapy was not associated with Grade 1 anaemia but

Grade 2 anaemia was observed in 2 out of the 52 cases

(3.85%). (Cut-off values in males: haematocrit: 0.39%;

haemoglobin: 133 g/L; in females: haematocrit: 0.36%,

haemoglobin: 118 g/L.) There was a significant difference in

the rate of anaemia between the ECF/ECX and FLOT

treatments (Fisher’s exact test; p = 0.036).

f) Peripheral neuropathy: The ECF/ECX treatment was not

associated with Grade 1 peripheral neuropathy but Grade 2

peripheral neuropathy occurred in 1 out of the 36 cases

(2.78%); with the FLOT pre-treatment, Grade 1 and Grade 2

peripheral neuropathy was developed in 10 (19.23%) and 1

(1.92%) of the 52 cases, respectively. The difference between

the ECF/ECX and FLOT treatments in the rate of peripheral

neuropathy was not significant (Fisher’s exact test; p = 0.192).

g) Fever: During the pre-treatment with ECF/ECX, it occurred in

1 out of the 36 cases (2.78%), whereas in the FLOT group, it

was reported in 1 out of the 52 cases (1.92%). The difference

between the ECF/ECX and FLOT treatments in the rate of

fever was not significant (Fisher’s exact test; p = 1.000).

No other special, treatment-related complications were

observed during either the ECF/ECX or the FLOT

treatment (Table 5).
frontiersin.org

https://doi.org/10.3389/fsurg.2023.1148984
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


FIGURE 3

Initial TNM stage of the patients by oncological protocol (ECF/ECX and FLOT).
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Comparison of CT images and pathological
regression

In our study, clear improvement, regression was established in

case of TRG 1-2. TRG 3-4 was deemed minimal improvement or
TABLE 4 Side effects of the neoadjuvant treatments in the ECF/ECX and
FLOT groups.

Type of side
effect

ECF/ECX, n
= 36

FLOT,
n = 52

p-value (Fisher’s
exact test)

Vomiting, Grade 1 17/36
47.22%

11/52
21.15%

p = 0.192

Vomiting, Grade 2 2/36
5.55%

2/52
3.85%

Anaemia, Grade 2 3/36
8.33%

2/52
3.58%

p = 0.036

Anaemia, Grade 3 2/36
5.55%

0/52

Diarrhoea, Grade 1 2/36
5.55%

10/52
19.23%

p = 0.006

Diarrhoea, Grade 2 1/36
2.78%

3/52
5.77%

Diarrhoea, Grade 3 0/36 1/52
1.92%

Neutropenia, Grade 1 2/36
5.55%

3/52
5.77%

p = 0.294

Neutropenia, Grade 2 1/36
2.78%

0/52

Neutropenia, Grade 3 1/36
2.78%

0/52

Peripheral neuropathy,
Grade 1

0/36 10/52
19.23%

p = 0.192

Peripheral neuropathy,
Grade 2

1/36
2.78%

1/52
1.92%

Fever 1/36
2.78%

1/52
1.92%

p = 1.000

Weight loss 2/36
5.55%

4/52
7.69%

p = 1.000
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unchanged status. TRG 5 meant no improvement. Based on the

results, the tumour response, considering regression, found

during the second, restaging CT scan correlated with the TRG in

only 48.48% of the cases. Tumour response to the neoadjuvant

oncological treatment was qualified, based on the follow-up CT

scan, as better or worse (considering TRG 5 as progression only)

than the result from the postoperative pathological assessment in

25.00% and 7.14% of the cases, respectively (Table 4).

These study results confirm the well-known fact that CT scans

are not suitable for assessing the degree of tumour response to the

oncological neoadjuvant treatment.
Timing of surgery
In the two studied periods, surgery was performed a mean 6.12

weeks and a mean 5.82 weeks after the ECF/ECX and FLOT

treatments, respectively. There was no significant difference in

the time from the two different oncological treatments to the

surgery.
TABLE 5 Clinical response based on CT/MRI findings in the ECF/ECX and
FLOT groups.

Clinical response based on
CT/MRI findings

ECF/ECX (n = 36) FLOT (n = 52)

Not rated 7/36
19.44%

13/52
25.00%

Regression 15/36
41.67%

18/52
34.62%

Unchanged 10/36
27.78%

10/52
19.23%

Progression 4/36
11.11%

11/52
21.15%
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FIGURE 4

Distribution of the surgical techniques in the two oncological periods.

FIGURE 5

TRG values in the ECF/ECX and FLOT groups.
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Distribution of the surgical techniques in the two
oncological periods

Out of the 88 patients who went through surgery, 23 patients

received no curative surgery because of complete technical and

oncological inoperability (locally advanced status, carcinosis,

spreading to adjacent organs).

Based on our results, the rate of laparoscopic procedures was

6.65% higher after the previous ECF/ECX neoadjuvant treatment

(3/22) than following the FLOT pre-treatment (3/43) (Figure 4).
Assessment of perioperative complications
Anastomotic failure
When analysing complications, considering that our subject is

esophageal surgery, the assessment of anastomotic failure has a

special importance, not only with regard to the different

neoadjuvant protocols but also to the two types of surgical

intervention. The swallow test performed with a water-soluble

contrast agent on the seventh postoperative day revealed some

degree of contrast leak or a sign of anastomotic failure in 2

(9.09%) of the 22 cases in the ECF/ECX group and in 5 (11.63%)

of the 43 cases in the FLOT group. As to anastomotic failure

following a curative surgery, there was no significant difference

between the ECF/ECX and FLOT treatments (Fisher’s exact

test; p = 0.697).
Repeat surgery, impaired wound healing
Immediate repeat surgery was required in one case among those

with ECF/ECX pre-treatment, following an open surgery in a

patient on dual anticoagulation therapy, because of diffuse

bleeding; local haemostasis, hemostyptics, lavage, and drainage

were given.

Wound suppuration as a complication occurred, overall,

regardless of the type of surgery and the surgical technique used,

in 8 out of the 36 cases in the ECF/ECX group (22.22%). It was

reported in 8 (15.38%) of the 52 cases following the FLOT

treatment. All cases of wound suppuration resolved to

conservative therapy (local wound treatment, antibiotics), repeat

operation was not required in either group. There was no

significant difference in impaired wound healing between the

ECF/ECX and FLOT treatments (Fisher’s exact test; p = 0.301).
TABLE 6 TRG values in the ECF/ECX and FLOT groups. .

ECF/
ECX,
n = 22

FLOT,
n = 43

p-value (Fisher’s exact test)

TRG 1 2/22
9.09%

6/43
13.95%

p = 0.042

TRG 2 3/22
13.63%

10/43
23.26%

TRG 3 3/22
13.63%

8/43
18.06%

TRG 4 5/22
22.73%

15/43
34.88%

TRG 5 9/22
40.90%

4/43
9.30%
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Hospital stay
The mean length of hospital stay was 13 days in both the ECF/ECX

group and the FLOT group.
Efficacy results of the oncological treatment
3.2.6.1. Tumour regression grade analysis
Data from the 65 operable patients were classified according to the

5 grades corresponding to the Mandard score, by oncological pre-

treatment protocol. Complete tumour regression (TRG 1) was

reported in a total of 8 cases, out of which 6 were the result of

the modified neoadjuvant FLOT chemotherapy. Complete

tumour regression occurred in 9.09% and 13.95% of the cases in

the ECF/ECX and FLOT groups, respectively. (Figure 5 and

Table 6) The modified oncological treatment (FLOT) resulted in

a significantly higher rate of complete tumour regression (TRG

1) (Fisher’s exact test; p = 0.042).

Proximal resection margin
Following open total gastrectomies, proximal resection margins

showed a distance of 66.11 mm (ECF/ECX) vs. 54.36 mm

(FLOT). There was no significant difference between the two

oncological pre-treatments in the proximal resection margin

following an open surgery (Mann–Whitney U test; p = 0.9501).

The same was true for laparoscopic procedures, where there was

no significant difference either (Mann–Whitney U test; p = 0.500).

Overall, regardless of the surgical technique used, R1 resection

was achieved in 3 (13.64%) of the 22 cases in the ECX/ECF group

and in 4 (9.30%) of the 43 cases in the FLOT group. The difference

between the ECF/ECX and FLOT treatments in the achievement of

R0 and R1 resection was borderline significant (Fisher’s exact test;

p = 0.055) (Table 7).

Number of removed lymph nodes
The mean total number of lymph nodes removed during the

surgeries was 20.13 and 24.69 in the ECF/ECX and FLOT

groups, respectively. The number of lymph nodes removed was

further analysed by surgical technique. After pre-treatment

with ECF/ECX, the mean number of lymph nodes removed

was 19.63 and 23.33 during open surgeries and laparoscopic

procedures, respectively. Following FLOT pre-treatment, the

mean number of lymph nodes removed was 25.42 and 18.33

during open surgeries and laparoscopic procedures,

respectively. There was no significant difference between the

two oncological pre-treatments in the mean total number of

lymph nodes removed. Mean number of positive lymphnodes

were 5 in ECF/ECX group and 1,35 in FLOT group. As to the

total number of positive lymph nodes removed, there was a

significant difference between the two oncological pre-

treatments (Mann–Whitney U test; p = 0.0267).
TABLE 7 Resection margins by oncological pre-treatment protocol.

ECF/ECX, n = 22 FLOT, n = 43 p-value (Fisher’s exact test)
R0 19 39 p = 0.055

R1 3 4
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Tumour marker measurement results
The laboratory measurement of CEA and CA 19-9 levels did

not prove to be informative because of the high SD values. In

accordance with the literature, these markers have an emphasised

role rather during follow-up.
Discussion

The management of gastric tumours and tumours in the distal

third of the oesophagus requires complex care, the main pillars of

which are proper diagnostics, an oncological therapy continuously

being advanced with new drugs and procedures, and a properly

planned and performed surgical treatment (15). It is important

to be able to support the efficiency of modified oncological

treatments also with real-world results. Choosing the correct

treatment strategy for gastric and cardia tumours, as well as

tumours located in the distal oesophagus, warrants a

multidisciplinary (tumour board) decision, and great experience

and proficiency are required on the part of the surgeon (16).

Today, relevant quality assurance principles can only be fulfilled

with the regulated, regular operation of tumour boards.

Over the past decade, there has been a considerable change in

approach, treatment strategies have been transformed, and

classifications that are new from many aspects have been

developed for oesophageal, cardia and gastric tumours. It suffices

to mention the new classifications that appeared in the 7th

edition of TNM and categorise positive lymph nodes (17, 18).

The changes were needed because of the different prognostic

groups based on the number of metastatic lymph nodes (19, 20).

TNM 8 also brought novelties in this field; the classic Siewert

type I and II tumours mentioned previously are now considered

oesophageal tumours and, correspondingly, their management

follows the therapeutic algorithms used for oesophageal

tumours (21, 22).

Neoadjuvant therapy has been part of the treatment for

patients with advanced gastric, GEJ and oesophageal tumours for

more than two decades now. Its justification is unquestionable,

and any change in the treatment methods has a considerable

impact also on surgery, among others (23).

However the type of neoadjuvant regimens differ by geographic

locations of these patients. For patients with locally advanced

esophageal and GEJ adenocarcinoma, one of the most commonly

used treatment option consists of neoadjuvant chemoradiation

with carboplatin/paclitaxel prior to surgery (CROSS study) (24).

Interestingly, while modifying the neoadjuvant treatment

protocols, the addition of oxaliplatin (FLOT) resulted in a higher

rate of pCR—as expected—, but neither improved survival or

increased locoregional control can be reported yet (25).

There have been attempts at intensifying the FLOT treatment

by administering 6 cycles of therapy instead of the usual 4 cycles.

There was no significant difference in the number of

perioperative complications. A higher rate of R0 resections and

an improved ratio of metastatic/normal lymph nodes may be the

advantages of the prolonged treatment but the “standard” is still

the 4 cycles of treatment (26).
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Further studies were conducted, among others, with a

combination of the FLOT treatment, when spartalizumab was

added to the four-drug treatment in the Phase 2 GASPAR

study (27).

Previously as the combination of 5-fluorouracil with oxaliplatin

or cisplatin were studied with lower toxicity compared to original

FLOT protocol(FLAGS trial) (28).

In addition, the combination of FLOT and HIPEC was also

assessed in multicentre randomised studies. Early recurrence with

carcinosis and markedly poor prognosis is common after

successful R0 resection of advanced tumours. In case of diffuse

gastric and GEJ II–III tumours, patients also received

intraoperative intaperitoneal cisplatin in one of the arms. The

first patient was enrolled in 2021 (29).

During our study, not only did we assess the effects of the two

different neoadjuvant oncological treatments on patients with

gastric and cardia tumours, but we also evaluated the results by

the type of surgery, where, aiming at complete homogeneity,

results from open surgeries were compared only with those from

open surgeries, and laparoscopic results were compared only

with data from patients subjected to laparoscopy. The more

favourable response of the tumour to the oncological treatment

following FLOT therapy was confirmed in our patients based on

the Mandard score. The better efficiency and effectiveness of the

new combined chemotherapy, compared with the previous ECF/

ECX treatment, can be measured well and in a standardised way

based on TRG. The assessments clearly show that FLOT has

favourable side effect profile and, what is more, that certain life-

threatening side effects—occurring with ECF/ECX—are almost

completely absent.

Based on the number of lymph nodes removed and the

distances from the resection margins, the modification of the

neoadjuvant treatment protocol did not increase “oncological

radicality”. Beyond its biological impact, the change in the

oncological therapy also had an effect on the surgical treatment.

Although this difference did not prove to be significant, it

contributed considerably to an improvement in the ratio of

oncological and technical operability. Certainly, there are still

undecided questions such as that about the type of surgery for

patients with a classic Siewert type II adenocarcinoma.

Previously, tumours with a Siewert II location were considered a

separate “entity” where a more aggressive behaviour resulted in a

higher rate of recurrence than in the other two classes.

Accordingly, surgical procedures as radical as possible were

insisted on for such tumours (30). Statements by the two

opposing parties can be found in the study results from the

FREGAT working group and the CARDIA trial (31, 32). The

question is whether adenocarcinomas in a Siewert II location

should be treated with a) transhiatal extended total gastrectomy

performed using a minimally invasive method, with complete D2

lymphadenectomy, or b) distal oesophageal resection and

resection of the superior pole of the stomach (SPO) with gastric

sleeve formation and, among others, mediastinal

lymphadenectomy, and intrathoracic anastomosis (33, 34). An

argument against transhiatal total gastrectomy is the high rate of

positive oral resection margin (R1), which was 12% in the total
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gastrectomy group and 5.9% in the SPO group. According to the

study conducted at 21 centres in France, the mean survival was

significantly longer in the total gastrectomy group (46 months in

the TG group vs. 27 months in the SPO group) (FREGAT

working group). The opposing party believes in transthoracic

oesophageal resection completed with mediastinal

lymphadenectomy. The emphasis is on mediastinal

lymphadenectomy, since Siewert II adenocarcinomas—naturally,

depending on their stage—may be associated with up to 10% of

positive mediastinal lymph nodes. According to their

investigations, total gastrectomies are associated with a higher

rate of recurrence, a lower ratio of disease-free survival due to

the positive, metastatic lymph nodes left in the mediastinum.

Our position, which is based on our own results, agrees with the

opinion and partial results of the CARDIA trial.

As to the surgery of malignant cardia tumours, thoracoscopy-

assisted minimally invasive laparoscopy has been the “gold

standard” treatment for almost a decade now (35–38). After the

results from the TIME trial, the question in the surgery of cardia

tumours is no longer whether minimally invasive procedures are

justified but what method or technique should be used during

them. Compared with open surgeries (39, 40), minimally invasive

procedures are associated with less blood loss, less need for

postoperative analgesia, and a considerably lower rate of

pulmonary complications.

Nowadays minimally invasive surgery offers better survival and

improved short-term postoperative outcomes in gastric and GEJ

cancers compared to classic open procedures (41).

Patients may be mobilised earlier and the result is aesthetically

better. The length of hospital stay can be decreased significantly.

Within minimally invasive procedures, the results of robotic

surgery are gradually improving, and the outcomes reported by

expert centres are highly convincing. Numerous comparative

studies have published their results (42).

The safe and oncologically equivalent use of robotic surgery is

unquestionable but the results from additional ongoing,

prospective, randomised, multicentre studies will help further

analysis (43, 44).

Continuing with the analysis of the results from the two

different pre-treatments, we observed slightly more favourable

results overall in the FLOT group regarding passage disorders

and wound suppuration among the complications reported

during the immediate perioperative period, but these did not

reach the level of significance. As to the highly important

anastomotic failure, no true, significant difference could be

shown between the two pre-treatment methods. The short-term

benefits are unquestionable. Besides the favourable side effect

profile and the slightly more favourable or at least unchanged

perioperative and late postoperative complications, tumours show

a considerably more favourable response to the modified

oncological pre-treatment. To date, no reliable studies have been

conducted to confirm any possible effect on long-term survival.

We continue to collect and analyse relevant data.
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In conclusion, there was a significantly higher rate of complete

tumour regression when advanced gastric and cardia tumours were

treated with the new FLOT neoadjuvant chemotherapy. The side

effect profile of the new, modified treatment proved to be

favourable compared with previous protocols. It can also be said

that the modification of the oncological protocol also had an

effect on the outcome of surgery, since there was an increase in

the number of curative, oncologically correct R0 surgeries

following the treatment.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The study has been approved by the Board of Human

Invastigations at the University of Szeged, approval number: 117/

2020-SZTE. The patients/participants provided their written

informed consent to participate in this study.
Author contributions

Study concept: AP, GL, and AO; Study design: KB, ZS, ME, and

ZH; Data acquisition: AM, ZS, AP, MV, and TN; Quality control of

data and algorithms: AP, GL, and JO; Data analysis and

interpretation: AP, LTi, LTo, and GU; Statistical analysis: TN,

AP, and ZS; Manuscript preparation: AP, GL, AO, and JO;

Editing: AP, GL, AO, and JO; Manuscript review: AP, GL, AO,

and JO. All authors contributed to the article and approved the

submitted version.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
frontiersin.org

https://doi.org/10.3389/fsurg.2023.1148984
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Paszt et al. 10.3389/fsurg.2023.1148984
References
1. Ilic M, Ilic I. Epidemiology of stomach cancer. World J Gastroenterol. (2022) 28
(12):1187–203. doi: 10.3748/wjg.v28.i12.1187

2. Morgan E, Arnold M, Camargo MC, Gini A, Kunzmann AT, Matsuda T. The
current and future incidence and mortality of gastric cancer in 185 countries, 2020–
40: a population-based modelling study. EClinicalMedicine. (2022) 47:101404.
doi: 10.1016/j.eclinm.2022.101404

3. Buas MF, Vaughan TL. Epidemiology and risk factors for gastroesophageal
junction tumors: understanding the rising incidence of this disease. Semin Radiat
Oncol. (2013) 23:3–9. doi: 10.1016/j.semradonc.2012.09.008

4. Horváth OP. Surgical treatment for early Barrett cancer. Magy Seb. (2009)
62:51–8. Hungarian. doi: 10.1556/MaSeb.62.2009.2.1

5. Siewert JR, Hölscher AH, Becker K, Gössner W. Cardia cancer: attempt at a
therapeutically relevant classification. Chirurg. (1987) 58(1):25–32. PMID: 3829805.

6. Siewert JR, Stein HJ. Classification of adenocarcinoma of the oesophagogastric
junction. Br J Surg. (1998) 85:1457–9. doi: 10.1046/j.1365-2168.1998.00940.x

7. Siewert JR, Stein HJ, Fink U. Multimodality therapy for esophageal cancer.
Oncologist. (1996) 1:210–8. doi: 10.1634/theoncologist.1-4-210

8. Ajani JA, D’Amico TA, Bentrem DJ, Chao J, Corvera C, Das P, et al. Esophageal
and esophagogastric junction cancers, version 2.2019 NCCN clinical practice
guidelines in oncology. J Natl Compr Canc Netw. (2019) 17:855–83. doi: 10.6004/
jnccn.2019.0033

9. Sah BK, Xu W, Zhang B, Zhang H, Yuan F, Li J, et al. Feasibility and safety of
perioperative chemotherapy with fluorouracil plus leucovorin, oxaliplatin, and
docetaxel for locally advanced gastric cancer patients in China. Front Oncol. (2021)
10:567529. doi: 10.3389/fonc.2020.567529

10. Al-Fakeeh A, Ferri L, Mulla N, Doerksen T, Al-Ruzug I, Santos F, et al. A pilot
trial of FLOT neoadjuvant chemotherapy for resectable esophagogastric junction
adenocarcinoma. Med Oncol. (2016) 33:62. doi: 10.1007/s12032-016-0774-4

11. Ychou M, Boige V, Pignon JP, Conroy T, Bouché O, Lebreton G, et al.
Perioperative chemotherapy compared with surgery alone for resectable
gastroesophageal adenocarcinoma: an FNCLCC and FFCD multicenter phase III
trial. J Clin Oncol. (2011) 29:1715–21. doi: 10.1200/JCO.2010.33.0597

12. van Hagen P, Hulshof MC, van Lanschot JJ, Steyerberg EW, van Berge
Henegouwen MI, Wijnhoven BP, et al. Preoperative chemoradiotherapy for
esophageal or junctional cancer. N Engl J Med. (2012) 366:2074–84. doi: 10.1056/
NEJMoa1112088

13. Uson Junior PLS, Santos VM, Bugano DDG, Victor EDS, Rother ET, Maluf FC.
Systematic review and meta-analysis of docetaxel perioperative chemotherapy
regimens in gastric and esophagogastric tumors. Sci Rep. (2019) 9:15806. doi: 10.
1038/s41598-019-52334-y

14. Petrillo A, Smyth EC. Multimodality treatment for localized gastric cancer: state
of the art and new insights. Curr Opin Oncol (2020) 32:347–55. doi: 10.1097/CCO.
0000000000000630

15. Khan U, Shah MA. Optimizing therapies in the perioperative management of
gastric cancer. Curr Treat Options Oncol (2019) 20:57. doi: 10.1007/s11864-019-
0654-1

16. Cunningham D, Allum WH, Stenning SP, Thompson JN, Van de Velde CJ,
Nicolson M, et al. Perioperative chemotherapy versus surgery alone for resectable
gastroesophageal cancer. N Engl J Med (2006) 355:11–20. doi: 10.1056/NEJMoa055531

17. Kumamoto T, Kurahashi Y, Niwa H, Nakanishi Y, Okumura K, Ozawa R, et al.
True esophagogastric junction adenocarcinoma: background of its definition and
current surgical trends. Surg Today. (2020) 50:809–14. doi: 10.1007/s00595-019-
01843-4

18. Jung MK, Schmidt T, Chon SH, Chevallay M, Berlth F, Akiyama J, et al. Current
surgical treatment standards for esophageal and esophagogastric junction cancer. Ann
NY Acad Sci (2020) 1482:77–84. doi: 10.1111/nyas.14454

19. Mehta SP, Jose P, Mirza A, Pritchard SA, Hayden JD, Grabsch HI. Comparison
of the prognostic value of the 6th and 7th editions of the union for international
cancer control TNM staging system in patients with lower esophageal cancer
undergoing neoadjuvant chemotherapy followed by surgery. Dis Esophagus (2013)
26:182–8. doi: 10.1111/j.1442-2050.2012.01350.x

20. Strong VE, D’Amico TA, Kleinberg L, Ajani J. Impact of the 7th edition AJCC
staging classification on the NCCN clinical practice guidelines in oncology for gastric
and esophageal cancers. J Natl Compr Canc Netw (2013) 11:60–6. doi: 10.6004/jnccn.
2013.0009

21. D’Journo XB. Clinical implication of the innovations of the 8th edition of the
TNM classification for esophageal and esophago-gastric cancer. J Thorac Dis (2018)
10:S2671–81. doi: 10.21037/jtd.2018.03.182

22. Mo R, Chen C, Pan L, Yu A, Wang D, Wang T. Is the new distribution of early
esophageal adenocarcinoma stages improving the prognostic prediction of the 8th
edition of the TNM staging system for esophageal cancer? J Thorac Dis (2018)
10:5192–8. doi: 10.21037/jtd.2018.08.98
Frontiers in Surgery 12
23. Siddiqi A, Johnston FM. The perioperative and operative management of
esophageal and gastric cancer. Surg Oncol Clin N Am (2023) 32:65–81. doi: 10.
1016/j.soc.2022.07.006

24. Ji Y, Peng T, Wang G, Zhang Y, Cao M, Gao Q, et al. Short-term efficacy and
safety of the synchronous neoadjuvant chemoradiotherapy with paclitaxel plus
carboplatin in stage III adenocarcinoma of esophagogastric junction. Zhonghua Wei
Chang Wai Ke Za Zhi (2018) 25;21(9):1019–24. Chinese. PMID: 30269322.

25. Huemer F, Hecht S, Scharinger B, Schlintl V, Rinnerthaler G, Schlick K, et al.
Body composition dynamics and impact on clinical outcome in gastric and gastro-
esophageal junction cancer patients undergoing perioperative chemotherapy with
the FLOT protocol. J Cancer Res Clin Oncol (2022). doi: 10.1007/s00432-022-04096-
w. [Epub ahead of print].

26. Ganschow P, Hofmann L, Stintzing S, Heinemann V, Angele M, Werner J, et al.
Operative results and perioperative morbidity after intensified neoadjuvant chemotherapy
with FLOT for gastroesophageal adenocarcinoma impact of intensified neoadjuvant
treatment. J Gastrointest Surg (2021) 25:58–66. doi: 10.1007/s11605-019-04511-7

27. Dos Santos M, Lequesne J, Leconte A, Corbinais S, Parzy A, Guilloit JM, et al.
Perioperative treatment in resectable gastric cancer with spartalizumab in combination
with fluorouracil, leucovorin, oxaliplatin and docetaxel (FLOT): a phase II study
(GASPAR). BMC Cancer (2022) 22:537. doi: 10.1186/s12885-022-09623-z

28. Ajani JA, Rodriguez W, Bodoky G, Moiseyenko V, Lichinitser M, Gorbunova V,
et al. Multicenter phase III comparison of cisplatin/S-1 with cisplatin/infusional
fluorouracil in advanced gastric or gastroesophageal adenocarcinoma study: the
FLAGS trial. J Clin Oncol (2010) 28(9):1547–53. doi: 10.1200/JCO.2009.25.4706

29. Götze TO, Piso P, Lorenzen S, Bankstahl US, Pauligk C, Elshafei M, et al.
Preventive HIPEC in combination with perioperative FLOT versus FLOT alone for
resectable diffuse type gastric and gastroesophageal junction type II/III
adenocarcinoma - the phase III “PREVENT"- (FLOT9) trial of the AIO /CAOGI
/ACO. BMC Cancer. (2021) 21:1158. doi: 10.1186/s12885-021-08872-8

30. Haverkamp L, Seesing MF, Ruurda JP, Boone JV, Hillegersberg R. Worldwide
trends in surgical techniques in the treatment of esophageal and gastroesophageal
junction cancer. Dis Esophagus. (2017) 30(1):1–7. doi: 10.1111/dote.12480

31. Voron T, Gronnier C, Pasquer A, Thereaux J, Gagniere J, Lebreton G, et al.
FREGAT Working group—FRENCH. Adenocarcinoma of the oesophagogastric
junction Siewert II: an oesophageal cancer better cured with total gastrectomy. Eur
J Surg Oncol (2019) 45:2473–81. doi: 10.1016/j.ejso.2019.07.022

32. Leers JM, Knepper L, van der Veen A, Schröder W, Fuchs H, Schiller P, et al.
The CARDIA-trial protocol: a multinational, prospective, randomized, clinical trial
comparing transthoracic esophagectomy with transhiatal extended gastrectomy in
adenocarcinoma of the gastroesophageal junction (GEJ) type II. BMC Cancer.
(2020) 20:781. doi: 10.1186/s12885-020-07152-1

33. Hölscher AH, Law S. Esophagogastric junction adenocarcinomas:
individualization of resection with special considerations for Siewert type II, and
Nishi types EG, E = G and GE cancers. Gastric Cancer. (2020) 23:3–9. doi: 10.1007/
s10120-019-01022-x

34. Fuchs H, Hölscher AH, Leers J, Bludau M, Brinkmann S, Schröder W, et al.
Long-term quality of life after surgery for adenocarcinoma of the esophagogastric
junction: extended gastrectomy or transthoracic esophagectomy? Gastric Cancer.
(2016) 19:312–7. doi: 10.1007/s10120-015-0466-3

35. Briez N, Piessen G, Torres F, Lebuffe G, Triboulet JP, Mariette C. Effects of
hybrid minimally invasive oesophagectomy on major postoperative pulmonary
complications. Br J Surg (2012) 99:1547–53. doi: 10.1002/bjs.8931

36. Berlth F, Plum PS, Chon SH, Gutschow CA, Bollschweiler E, Hölscher AH. Total
minimally invasive esophagectomy for esophageal adenocarcinoma reduces
postoperative pain and pneumonia compared to hybrid esophagectomy. Surg
Endosc (2018) 32:4957–65. doi: 10.1007/s00464-018-6257-2

37. Bonavina L, Scolari F, Aiolfi A, Bonitta G, Sironi A, Saino G, et al. Early outcome
of thoracoscopic and hybrid esophagectomy: propensity-matched comparative
analysis. Surgery. (2016) 159:1073–81. doi: 10.1016/j.surg.2015.08.019

38. Schmidt HM, Gisbertz SS, Moons J, Rouvelas I, Kauppi J, Brown A, et al.
Defining benchmarks for transthoracic esophagectomy: a multicenter analysis of
total minimally invasive esophagectomy in low risk patients. Ann Surg (2017)
266:814–21. doi: 10.1097/SLA.0000000000002445

39. Rüdiger Siewert J, Feith M, Werner M, Stein HJ. Adenocarcinoma of the
esophagogastric junction: results of surgical therapy based on anatomical/
topographic classification in 1,002 consecutive patients. Ann Surg (2000)
232:353–61. doi: 10.1097/00000658-200009000-00007

40. Lerut T, Nafteux P, Moons J, Coosemans W, Decker G, De Leyn P, et al. Three-
field lymphadenectomy for carcinoma of the esophagus and gastroesophageal junction
in 174 R0 resections: impact on staging, disease-free survival, and outcome: a plea for
adaptation of TNM classification in upper-half esophageal carcinoma. Ann Surg
(2004) 240:962–72. doi: 10.1097/01.sla.0000145925.70409.d7

41. Hayami M, Ndegwa N, Lindblad M, Linder G, Hedberg J, Edholm D, et al. Al
population-based cohort study from a prospective national registry: better long-term
frontiersin.org

https://doi.org/10.3748/wjg.v28.i12.1187
https://doi.org/10.1016/j.eclinm.2022.101404
https://doi.org/10.1016/j.semradonc.2012.09.008
https://doi.org/10.1556/MaSeb.62.2009.2.1
https://pubmed.ncbi.nlm.nih.gov/PMID: 3829805
https://doi.org/10.1046/j.1365-2168.1998.00940.x
https://doi.org/10.1634/theoncologist.1-4-210
https://doi.org/10.6004/jnccn.2019.0033
https://doi.org/10.6004/jnccn.2019.0033
https://doi.org/10.3389/fonc.2020.567529
https://doi.org/10.1007/s12032-016-0774-4
https://doi.org/10.1200/JCO.2010.33.0597
https://doi.org/10.1056/NEJMoa1112088
https://doi.org/10.1056/NEJMoa1112088
https://doi.org/10.1038/s41598-019-52334-y
https://doi.org/10.1038/s41598-019-52334-y
https://doi.org/10.1097/CCO.0000000000000630
https://doi.org/10.1097/CCO.0000000000000630
https://doi.org/10.1007/s11864-019-0654-1
https://doi.org/10.1007/s11864-019-0654-1
https://doi.org/10.1056/NEJMoa055531
https://doi.org/10.1007/s00595-019-01843-4
https://doi.org/10.1007/s00595-019-01843-4
https://doi.org/10.1111/nyas.14454
https://doi.org/10.1111/j.1442-2050.2012.01350.x
https://doi.org/10.6004/jnccn.2013.0009
https://doi.org/10.6004/jnccn.2013.0009
https://doi.org/10.21037/jtd.2018.03.182
https://doi.org/10.21037/jtd.2018.08.98
https://doi.org/10.1016/j.soc.2022.07.006
https://doi.org/10.1016/j.soc.2022.07.006
https://pubmed.ncbi.nlm.nih.gov/Chinese. PMID: 30269322
https://doi.org/10.1007/s00432-022-04096-w
https://doi.org/10.1007/s00432-022-04096-w
https://doi.org/10.1007/s11605-019-04511-7
https://doi.org/10.1186/s12885-022-09623-z
https://doi.org/10.1200/JCO.2009.25.4706
https://doi.org/10.1186/s12885-021-08872-8
https://doi.org/10.1111/dote.12480
https://doi.org/10.1016/j.ejso.2019.07.022
https://doi.org/10.1186/s12885-020-07152-1
https://doi.org/10.1007/s10120-019-01022-x
https://doi.org/10.1007/s10120-019-01022-x
https://doi.org/10.1007/s10120-015-0466-3
https://doi.org/10.1002/bjs.8931
https://doi.org/10.1007/s00464-018-6257-2
https://doi.org/10.1016/j.surg.2015.08.019
https://doi.org/10.1097/SLA.0000000000002445
https://doi.org/10.1097/00000658-200009000-00007
https://doi.org/10.1097/01.sla.0000145925.70409.d7
https://doi.org/10.3389/fsurg.2023.1148984
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Paszt et al. 10.3389/fsurg.2023.1148984
survival in esophageal cancer after minimally invasive compared with open transthoracic
esophagectomy. Ann Surg Oncol. (2022) 29(9):5609–21. doi: 10.1245/s10434-022-11922-5

42. Tagkalos E, Goense L, Hoppe-Lotichius M, Ruurda JP, Babic B, Hadzijusufovic E,
et al. Robot-assisted minimally invasive esophagectomy (RAMIE) compared to
conventional minimally invasive esophagectomy (MIE) for esophageal cancer: a
propensity-matched analysis. Dis Esophagus (2020) 33:doz060. doi: 10.1093/dote/doz060
Frontiers in Surgery 13
43. Grimminger PP, van der Horst S, Ruurda JP, van Det M, Morel P, van
Hillegersberg R. Surgical robotics for esophageal cancer. Ann N Y Acad Sci (2018)
1434:21–6. doi: 10.1111/nyas.13676

44. van der Sluis PC, van Hillegersberg R. Robot assisted minimally invasive
esophagectomy (RAMIE) for esophageal cancer. Best Pract Res Clin Gastroenterol
(2018) 36–37:81–3. doi: 10.1016/j.bpg.2018.11.004
frontiersin.org

https://doi.org/10.1245/s10434-022-11922-5
https://doi.org/10.1093/dote/doz060
https://doi.org/10.1111/nyas.13676
https://doi.org/10.1016/j.bpg.2018.11.004
https://doi.org/10.3389/fsurg.2023.1148984
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Impact of neoadjuvant FLOT treatment of advanced gastric and gastroesophageal junction cancer following surgical therapy
	Introduction
	Material and methods
	Study period
	Patient inclusion criteria
	Patient exclusion criteria
	Patient demographics
	Investigations
	Decision by the tumour board
	Timing of surgery
	Surgical treatment
	Follow-up
	Studied parameters
	Statistics

	Results
	Patient demographics
	Tumour locations
	Radiological assessment results
	Side effect profile analysis
	Comparison of CT images and pathological regression
	Timing of surgery
	Distribution of the surgical techniques in the two oncological periods
	Assessment of perioperative complications
	Anastomotic failure
	Repeat surgery, impaired wound healing
	Hospital stay
	Efficacy results of the oncological treatment
	Tumour regression grade analysis
	Proximal resection margin
	Number of removed lymph nodes
	Tumour marker measurement results


	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


