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Abstract

Background: Gastric cancer has a high mortality rate.
Therapeutic management must be multidisciplinary to
offer the patient the best, personalized strategy.

Patients and methods: We performed an observational
study to evaluate the pathological response, survival
and nutritional status in patients with resectable gas-
tric cancer and candidates for perioperative chemo-
therapy with the fluorouracil, leucovorin, oxaliplatin and
docetaxel (FLOT) regimen versus other regimens. The
primary endpoints were pathological response rate,
care continuity rate and survival outcomes. A total of 96
patients attending the Hospital “Policlinico San Matteo”
in Pavia (Italy) between January 2012 and August 2022
were selected for the study.

Results: Regarding pathological response rates, the
best rate (TRG-0) was recorded in the FLOT group
with a percentage of 6.2% compared with 4.7% in
the NO-FLOT arm (p=0.052). The highest failure rate
to complete the post-operative phase was 75% in
the NO-FLOT group and only 25% in the FLOT group
(p=0.007). Survival outcomes were better in the FLOT

Introduction

According to the most updated epidemiological data
provided by the Global Cancer Observatory, gastric
cancer ranks sixth in incidence and fifth in mortality in
the general world population, including all age groups
and both sexes! Regarding aetiology, gastric cancer,
like most malignant tumours, has a multifactorial origin
in which dietary, environmental, infectious and genetic
factors are involved?

group with a median disease-free survival of 30 versus
222 months (p=0.586).

Conclusions: Despite the limitations, the results obtained
were consistent with the medical literature and con-
firmed the effectiveness of the FLOT chemotherapy in
real life. Nevertheless, some questions remain: the appli-
cation in elderly patients, the addition of immunother-
apy in patients with microsatellite instability or with high
PD-L1 levels, comparison with chemoradiotherapy in
junctional cancers and real cure rates. The FLOT regimen
has revolutionized the treatment of resectable gastric
cancer, but caution is needed before considering it an
absolute standard of care.
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The World Health Organization’s histopathological clas-
sification divides gastric cancer into two main types:
adenocarcinomas, which account for 95% of all diag-
noses, and other histological forms, which make up 5%
of cases. In the pathological anatomy of gastric cancer,
four classifications are very important: the Lauren classifi-
cation, the Ming classification, The Cancer Genome Atlas
classification, and finally the HER2 and PDLI scores.*8 The
gold standard for the diagnosis of gastric cancer is eso-
phagogastroduodenoscopy whilst staging is performed
with a chest-abdomen CT scan with contrast medium.®
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Therapeutic management of gastric cancer must be
multidisciplinary to offer the patient the best, personal-
ized strategy.® Gastric cancer occurs in a limited form
in only 20% of cases and, in this setting, surgery remains
the only potentially curative weapon." In 80% of cases,
gastric cancer is locally advanced or metastatic. The
treatment of locally advanced forms has been revolu-
tionized thanks to the advent of the fluorouracil, leuco-
vorin, oxaliplatin and docetaxel (FLOT) chemotherapy
regimen, which has been shown to significantly increase
the overall survival (OS) of patients. The FLOT regimen
consists of a triplet of chemotherapy drugs: fluoroura-
cil, oxaliplatin and docetaxel. The treatment protocol
includes two phases: a neoadjuvant or pre-operative
phase and an adjuvant or post-operative phase. Each
phase involves the administration of four cycles of FLOT
every 2 weeks. The most frequent adverse events are
asthenia, haematological toxicity, gastrointestinal dis-
orders and peripheral neuropathy.? In the relapsed
and metastatic setting, it is essential to first understand
whether a patient is fit for active oncological treatment
or whether they are a candidate for the best supportive
therapy.®

Rationale and study objectives

The treatment of gastric cancer is multimodal and in-
volves both medical therapy and surgical therapy. This
concept is especially valid for resectable forms of gas-
tric cancer where the combination of the two therapies
is a systematic approach. The scientific rationale of our
study is based on this concept, comparing the FLOT
chemotherapy regimen versus other chemotherapy
regimens adopted in resectable gastric cancer.

In the oncology field, it is usual to simplify the TNM stag-
ing of malignant tumours into three classes of oncolog-
ical disease: limited disease, locally advanced disease
and metastatic disease. The TNM staging of gastric can-
cer is rather complex and escapes simplification into
these categories because, even if confined to the pari-
etal stratification of the organ, gastric cancer tends to
cause early involvement of the lymphatic structures.”

For the purposes of our study, we will focus on resectable
stages of gastric cancer for which perioperative chemo-
therapy is also planned. Over the years, several clinical
studies have been performed demonstrating the effi-
cacy of the multimodal perioperative strategy.*®

Regardless of the pharmacological composition, peri-
operative chemotherapy treatment has become the
standard of care in most Western countries. In 2019, the
German study by Al-Batran et al.? further revolutionized
the landscape in this disease setting by introducing the
FLOT chemotherapy regimen, which led to an increased
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OS of patients, from 35 months in the control arm (the
standard  epirubicin—cisplatin—fluorouracil/epirubicin—
cisplatin-capecitabine) to 50 months in the experimen-
tal arm with the FLOT scheme.

Before FLOT, perioperative chemotherapy regimens
used in the treatment of resectable gastric cancer con-
sisted mainly of fluorouracil in combination with other
drugs such as docetaxel, platinum compounds and
epirubicin (i.e. folinate-fluorouracil-oxaliplatin (FOLFOX),
oxaliplatin—capecitabine (XELOX), cisplatin—fluorouracil,
epirubicin—cisplatin—fluorouracil, epirubicin—cisplatin—
capecitabine). Nevertheless, these regimens showed
moderate objective response rates with a reduced
impact on OS. This fact justified the very high rates of
oncological recurrence and high mortality of gastric
cancer evenin the potentially surgical setting. In addition,
there was a non-negligible spectrum of adverse events
such as cardiac toxicity with epirubicin.®"® Therefore, the
significant relevance of the FLOT objective response rate
and OS, together with the safety profile, established the
FLOT regimen as the standard medical treatment for
resectable gastric cancer.? In patients considered unfit
for the FLOT regimen, a chemotherapy doublet consist-
ing of fluoropyrimidine in association with a platinum
compound, generally oxaliplatin, is used.”®

From these premises, arises our hypothesis: to demon-
strate the real-life effectiveness of FLOT by comparing it
with traditional chemotherapy regimens and discover-
ing its strengths and weaknesses.

Patients and methods

Study design

This is a retrospective single-centre observational study
aimed at evaluating the pathological response, survival
and nutritional status in patients with resectable gastric
cancer and candidates for perioperative chemotherapy
with the FLOT regimen versus other regimens. The gen-
eral aim of the study is to provide our real-world data
of oncological practice of gastric cancer treatment to
particularly validate the effectiveness of the FLOT reg-
imen compared to alternative schemes. Following the
publication of the clinical trial by Al-Batran et al.”? there
is a need to produce scientific evidence, based on the
real-world studies to demonstrate the effectiveness in
clinical practice of the recently introduced chemother-
apy regimen.

Ethics approval and informed consent

Since the study is a retrospective observational real-life
study, according to current legislation in Italy, it does
not require specific approval by an Ethics Committee.
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The particular regulatory reference is the National Law
of 30 November 2021, which regulates “Measures aimed
at facilitating and supporting the implementation of
non-profit clinical trials and observational studies and
the consequent legal transfer of the trials results”.

Endpoints

The primary endpoints of the study were the evaluation
of pathological response rates through the tumour re-
gression grade (TRG), care continuity rates (completion
rates of the pre-operative and post-operative phases)
and survival outcomes DFS and OS (disease-free surviv-
al and overall survival, respectively) compared between
patients undergoing the FLOT regimen and patients un-
dergoing other chemotherapy regimens.

The secondary endpoints are the assessment of nutri-
tional status and the toxicity profile, both in general and
in comparison between the two treatment groups.

Patient enrolment

A total of 96 patients with resectable gastric cancer and
candidates for perioperative chemotherapy treatment
attending the Medical Oncology Unit of the Hospital
“Policlinico San Matteo” in Pavia (Italy), between Janu-
ary 2012 and August 2022, were selected. Patient data
were obtained from the medical records and outpatient
reports available at our hospital, and the selection of
patients took place according to the inclusion and ex-
clusion criteria reported below.

Inclusion criteria

Histological diagnosis of gastric or gastro-oesophageal
junction adenocarcinoma, TNM stages I-lll and having
received neoadjuvant chemotherapy treatment.

Exclusion criteria
Other histological diagnoses, TNM stage IV and having
undergone a gastrectomy.

For this study, it was essential to select the population to
be subjected to analysis. In this sense, the exclusion cri-
teria were as important as the inclusion criteria. Exclud-
ing non-adenocarcinomatous histologies, patients with
metastatic disease and those who had already under-
gone gastrectomy allowed the elimination of biases that
would have affected the final results. The study is aimed
atthe treatment of resectable gastric cancer susceptible
to all three phases of the treatment plan: neoadjuvant
chemotherapy, surgery and adjuvant chemotherapy.

Informed consent statement

According to Italian State hospitals denomination as
providers of healthcare and scientific research, all pa-
tients who sign the informed consent for any hospital
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service are informed that their health data can be used
for the purposes of scientific research. Patients’ health
data were used according to current legislation, in par-
ticular, according to the orders of the Privacy Guarantor,
which strictly ensures the protection of health data.

Statistical analysis

The statistical analysis of the collected data was per-
formed with Excel (Microsoft Office) and with the SPSS
programme. Continuous variables are presented as
mean, median, minimum value, maximum value and
standard deviation whilst categorical variables are
presented as absolute frequencies and percentages.
Survival outcomes were analysed using the log-rank
test for the comparison of subgroups and graphical-
ly represented by Kaplan—Meier curves. The statistical
significance of the results obtained was set using the
standard cut-off of a p value equal to or less than 0.05.

Of the 96 patients originally selected, data from 75 were
used for statistical analysis for the primary endpoints;
data for 21 patients were eliminated because they did
not meet the inclusion and exclusion criteria or because
they deliberately discontinued the treatment plan.
Regarding the secondary endpoints and in particular
nutritional status, the sample size was further reduced to
42 patients; 54 patients were excluded because they did
not have nutritional screening at diagnosis. Given the
enrolment period, the primary and secondary endpoints
of the study were calculated in December 2022.

Results

Of the 96 patients selected, 21 were excluded from the
statistical analysis for various reasons: 10 patients pro-
gressed during neoadjuvant chemotherapy, 5 did not
continue the therapeutic plan due to clinical deteri-
oration, 4 patients continued the care plan in another
centre, 1 patient at the time of the analysis had not yet
completed the neoadjuvant phase and 1 patient died
during treatment. Statistical analysis was therefore con-
ducted on a total sample of 75 patients. Data were first
analysed in terms of five important variables: sex, age,
cancer location, Lauren histological classification and
TNM stage at diagnosis (Table 1).

The patients were divided into the two arms of the study:
the group that received the perioperative FLOT chemo-
therapy regimen and the group that received other
chemotherapy regimens. Specifically, these regimens
were those used in current clinical practice before the
introduction of the FLOT regimen and concern four essen-
tial compositions: XELOX, FOLFOX, docetaxel-cisplatin—
fluorouracil and cisplatin—fluorouracil. Considering the
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Table 1. Patient clinical characteristics.

Clinical characteristics n (%)

Sex 52 (69.3%)
Male 23 (30.7%)
Female

Age

<65 years 38 (50.7%)

265 years 37 (49.3%)

Cancer location

Gastro-oesophageal junction 27 (36.0%)

48 (64.0%)

Stomach

Lauren classification

Intestinal 29 (38.7%)
Diffuse 29 (38.7%)
Mixed 9 (12.0%)
Unknown 8 (10.6%)
TNM stage

| 0

I 29 (38.7%)

n 46 (61.3%)

75 patients whose data were used for statistical anal-
ysis, 42.7% (n=32) received the FLOT regimen, whereas
57.3% (n=43) received one of the other regimens (Figure 1).

The primary endpoints of the study were pathological
response rates, care continuity rates and survival out-
comes. Pathological response rates were defined using
the TRG. The TRG system, created by Mandard et al?°and
approved by the American Joint Commitee on Cancer
(AJcc), divides the pathological response of a cancer to
a preoperative treatment into five score classes: TRG-0,
which indicates a complete pathological response; TRG-],
which corresponds to a moderate response; TRG-2,
which indicates a minimal response; TRG-3, which corre-
sponds to a poor response; and TRG-4, which indicates
the absence of pathological response? In the sample
used for statistical analysis, 17.3% of patients lacked TRG
data. In the FLOT group, 6.2% of patients obtained TRG-0,
3.1% TRG-1, 43.8% TRG-2, 37.5% TRG-3 and 3.1% TRG-4. Con-
versely, in the non-FLOT group, 4.7% obtained TRG-0, 4.7%
TRG-1,16.3% TRG-2, 48.8% TRG-3 and no patient had TRG-4
(p=0.052) (Figure 2).

The care continuity rates express the patient’'s pro-
gression along the treatment plan, which includes a
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preoperative chemotherapy phase, a surgical phase
and a post-operative chemotherapy phase. These rates
specifically refer to the phases of medical treatment and
were measured in percentage rates. The preoperative
chemotherapy phase was completed by 70 patients,
whereas 5 did not reach the conclusion. Of these 70
patients, 42.9% completed the pre-operative phase in
the FLOT group, whereas 57.1% completed it in the non-
FLOT group. Of the 5 patients who did not complete the
preoperative phase, 40% belonged to the FLOT group and
60% to the non-FLOT group (p=1). Regarding the com-
pletion of the postoperative phase, 38 patients com-
pleted the treatment, whereas 12 did not complete the
chemotherapy. Of the 38 patients analysed, 60.5% were
in the FLOT group, whereas 39.5% were in the non-FLOT
group. Amongst the 12 patients who did not complete the
post-operative phase, 25% belonged to the FLOT group
and 75% to the non-FLOT group (p=0.007). The care con-
tinuity rates are an innovative parameter in oncology
research. In resectable diseases, such as gastric cancer,
it is not only important to analyse patient survival at the
end of the treatment plan but also how patients face the
treatment plan. In our case, the results obtained demon-
strate how the completion rates of neoadjuvant and
adjuvant chemotherapy are better in those who received
the FLOT regimen. Such data invites the oncology com-
munity to understand how essential it is to select a phar-
macological regimen capable of allowing the patient to
progress easily in their treatment plan.

The survival outcomes analysed in our study were DFS
and OS. DFS is the time from treatment to disease recur-
rence (or patient death) and is typically used in the
adjuvant setting to determine whether a given treat-
ment is effective in preventing relapse.”? DFS occurred
at a median of 30.0 months and 22.2 months in the FLOT
and non-FLOT groups, respectively (p=0.586) (Figure 3).

OS is defined as the time, expressed in months, between
the start of treatment and the patient’'s death, from any
cause.z The median OS was 42.5 months in the non-FLOT
group, whereas it was not reached in the FLOT group
(p=0.040) (Figure 4).

The secondary endpoints of the study were the eval-
uation of nutritional status and the toxicity profile. The
nutritional status of the patients was assessed by cal-
culating the body mass index (BMI) and the Nutritional
Risk Index (NRI)2425 Overall, 17.3% had an unknown BMI,
1.3% had underweight (a single patient), 38.7% had nor-
mal weight, 37.3% had overweight and 5.3% had grade |
obesity. The distribution of BMI was rather homogeneous
amongst the five essential variables (sex, age, site of the
tumour, histological classification and TNM stage). The
only difference concerned the sex division because men
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Figurel. Treatmentgroups.

M FLOT

M Other regimens
(XELOX, FOLFOX,
DCF, cisplatin +

57.3% fluorouracil)

DCF, docetaxel, cisplatin and 5-fluorouracil; FOLFOX,
folinate—fluorouracil—-oxaliplatin; XELOX, oxaliplatin—
capecitabine.

had a higher percentage of overweight whilst women
had a higher percentage of patients with normal weight.
Correlating BMI with the study’'s primary endpoints, no
statistical significance was observed between patients’
BMI and pathological response according to the TRG,
although it is interesting to note that 50% of patients
with overweight achieved a poor response with a TRG-3.
There was statistical significance between the patients’
BMI and the care continuity rates, with p values of 0.004
and 0.013, respectively, for the conclusion of the preop-
erative phase and the conclusion of the post-operative
phase. These associations establish that patients with
normal weight and overweight completed the entire
treatment plan. Further, there was statistical signifi-
cance (p=0.000) between patient BMI and survival out-
comes; the mean OS was 9.9, 66.4, 62.0 and 23.7 months,
respectively, in the group of patients with underweight,
normal weight, overweight and obesity. This association
suggests that the average OS is higher in patients with
normal weight and overweight and has a tendency to
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be reduced in the ‘extreme’ weight groups (with under-
weight and obesity).

NRI was calculated with the formula (1.519 x serum albu-
min in g/L + 0.417 x [current weight/usual weight x 100]).
Based on this formula, we identified a patient’s malnu-
trition risk in the presence of an NRI <97.5. To analyse the
NRI, we had to restrict the sample to 42 patients, specifi-
cally to those who, at diagnosis, had carried out a com-
plete medical evaluation, including a nutritional one;
statistical analysis divided the patients into two fur-
ther groups: patients with malnourishment (45.2%) and
patients properly nourished (54.8%). Similarly to the BM|,
NRI was also correlated with the clinical characteristics
of patients and the rate of malnutrition was greater in
elderly patients than in younger patients. When corre-
lating the NRI with the primary endpoints of the study,
no statistically significant associations were observed.

The toxicity profile was evaluated by first summarizing
the adverse effects with regards to gastroenterological
and haematological toxicity for both treatment groups.
The most common gastrointestinal toxicities recorded
were nauseaq, loss of appetite, diarrhoea, dysgeusia and
constipation, whereas the haematological toxicities were
anaemia, leuko-neutropenia and thrombocytopenia.
Since these are polychemotherapy regimens and have
the consequent possibility leading to a very wide and
diversified range of adverse effects, even beyond gas-
troenterological and haematological effects, for the pur-
poses of this study, dose-limiting toxicity was used as an
objective measure of toxicity. This is a measure borrowed
from phase | clinical trials but appropriately revised and
adjusted for the purposes of conventional clinical prac-
tice. In this sense, dose-limiting toxicity can be defined as

Figure 2. TRG rates between treatment groups.
60%
50% 48.8%
43.8%
40% 37.5% M TRGO
TRG1
30% TRG2
M TRG3
20% 16.3% W TRG4
10%
6.2%
. 3.1% 3.1% 4.7% 4.7%
. m N 0%
FLOT Non-FLOT
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Figure 3. Disease-free survival between treatment groups.
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such as to prevent further administration of the drug at
the same dose level® Statistical analysis showed that
62 patients did not present any dose-limiting toxicity,
whereas 13 patients did; of these 13 patients, 69.2% were in
the non-FLOT group, whereas 30.8% were part of the FLOT
group (p=0.377).

Serra F, Valerio F, Pedrazzoli P, et al. Drugs Context. 2025;14:2024-10-7. https://doi.org/10.7573/dic.2024-10-7

ISSN: 1740-4398

Therapeutic management of resectable gastric cancer
has changed considerably in the last 3 years. The study
by Al-Batran et al. documented the greater efficacy of
the FLOT regimen compared with the previous standard

6 of 10


http://drugsincontext.com
https://doi.org/10.7573/dic.2024-10-7

ORIGINAL RESEARCH  Real-life effectiveness of FLOT in resectable gastric cancer: existing challenges

of treatment in terms of objective responses and patient
survival outcomes.”?

The application of a new treatment in clinical practice
leads us to consider a new parameter: the effectiveness
or "efficacy in the real life.”” Hence, the importance of
real-world studies like ours, whose aim is precisely to
validate the recently developed FLOT chemotherapy
regimen in resectable gastric cancer, thus providing a
judgment of effectiveness.

Our study firstly presents four important limitations: the
single-centre retrospective nature, the small sample size,
the different duration of follow-up between the two treat-
ment groups and the analytical complexity of the nutri-
tional parameters. However, in the final processing of the
results, we decided to base our work on the principles of
methodological rigour to draw serious conclusions.

Of the 96 patients originally selected, data from 75 were
admitted to statistical analysis. The primary endpoints of
the study were therefore obtained from the sample of 75
patients by planning a comparative analysis between
the FLOT group (42.7%) and the non-FLOT group (57.3%).
Regarding secondary endpoints and in particular nutri-
tional status, the sample size was further reduced to 42
patients to include those who had a nutritional assess-
ment at diagnosis.

First, the epidemiology of our sample, in terms of inci-
dence by sex and age, is in line with the general epide-
miology of this cancer.?® Analysing in detail the results
of our study, all primary and secondary endpoints were
better in the group of patients treated with the FLOT reg-
imen. Although statistical significance was not always
reached, the results obtained are in line with those of
Al-Batran et al?® and others.®-%

Despite the declared limitations, our study allows us
to draw some important conclusions: the pathological
response rates, the care continuity rates and the survival
outcomes were better in the group of patients treated
with the FLOT regimen than in the comparison group.
Nutritional status and overall toxicity profile were equally
better in the FLOT group.

Therefore, our real-world, retrospective and monocen-
tric experience demonstrates the effectiveness of the
FLOT regimen in the treatment of patients with resect-
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able gastric cancer and candidates for perioperative
chemotherapy. Given this impact on clinical practice,
we must be careful when applying the FLOT chemother-
apy in particular categories of patients, for example, the
elderly population. Although this category of patients in
the study by Al-Batran et al? constituted approximately
a quarter of the overall population with a survival advan-
tage similar to that reported in younger individuals, the
toxicity profile in elderly patients continues to represent
a real clinical problem. In this sense, our experience, in
line with the data available in the literature, emphasizes
the importance of carefully selecting patients to be
candidates for the FLOT regimen.®* Furthermore, scien-
tific evidence suggests that patients with high levels of
expression of PD-L1 or with high microsatellite instabil-
ity can benefit from the addition of immunotherapy to
perioperative chemotherapy treatment.® It also remains
to be established whether the perioperative FLOT reg-
imen can be considered superior to preoperative
chemoradiotherapy (CROSS strategy) in cancers of the
oesophagus-gastric junction® There is also evidence
demonstrating, more generally, a good response to pre-
operative chemoradiotherapy in patients with resecta-
ble gastric cancer and high lymph node involvement.’

Recently, the ESOPEC trial demonstrated that, in distal and
junctional oesophageal adenocarcinomas, FLOT periop-
erative chemotherapy is superior to CROSS neoadjuvant
chemoradiotherapy.®® Another consideration, of a prog-
nostic nature, concerns the fact that the FLOT regimen,
whilst applying the cardinal principles of perioperative
medical treatment and radical surgery, guarantees a
cure rate of approximately 50% and this final result, under-
standably, is still far from being considered satisfactory.®®

Conclusion

The FLOT regimen has certainly revolutionized the treat-
ment of resectable gastric cancer; its effectiveness is
confirmed but the problems exposed above invite us to
be careful before considering it an absolute standard
of care. In addition to the strictly oncological contents,
the present study, in line with other scientific works, can
represent a starting point for developing the area of
nutritional care in the oncology field, recognizing an in-
creasingly important role for nutrition, not only on an ae-
tiological level but also as a factor modulating treatment
tolerance, quality of life and patient prognosis.
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