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Introduction: The consistent use of pre-operative treatment before surgery for gastric cancer (GC) has
resulted in increased rates of complete response. However, factors associated with response have been
scantly investigated.
Methods: Patients with GCs treated between 2017 and 2022 undergoing pre-operative treatment fol-
lowed by resection were included. Clinicopathological data were analyzed for the association with tumor
regression grades (TRG); secondary outcomes included the short-term overall (OS), disease-free (DFS)
and disease specific survival (DSS).
Results: Among 108 patients, 35.1% had an intestinal histotype GC, and 70.4% were treated with FLOT.
Complete tumor regression (TRG1) was documented in 6.5% of patients. Univariable analyses docu-
mented that a higher pre-operative albumin (p ¼ 0.04) and the expression of HER2 (p ¼ 0.01) were
associated to TRG1. In the multinominal regression model, the log-odds of being classified as TRG1
increased with the expression of HER2 by 170.247 times and with higher pre-operative albumin by
34.525 times, while with a higher Charlson Index and a diffuse hystotipe reduced it by 25.467 times and
3759.126 times, respectively. Among 49 patients (mean follow-up: 17.1 months), TRG1-2 was associated
to better OS, DFS and DSS curves compared to TRG 3-5 (respectively p < 0.01, p 0.007 and p < 0.01),
altogether with the reported negative impact of comorbidities in OS and DSS multivariable analyses
(respectively p 0.04 and p 0.006). The random survival forest further confirmed the impact of HER2 and
comorbidity on DSS.
Conclusion: A better clinical profile, HER2 expression and intestinal histotype significantly correlated
with GC regression. A complete-major response was an independent factor for survival.
© 2023 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
1. Introduction

Gastric adenocarcinoma is the 3rd cause of cancer death
worldwide. In 2020, the latest figures by the Global Cancer Obser-
vatory reported in Europe some 13,600 gastric cancer (GC) cases,
representing 12.5% of the global incidence [1]. In Europe GC is often
diagnosed as an advanced disease, due to the lack of standard
screening policies, thus most patients are treated with a
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perioperative chemotherapy approach. This management repre-
sents the gold standard for medically fit patients clinically staged as
cT2 or higher, and/or cN positive, cM0, given the competitive sur-
vival gain reported in comparisonwith upfront surgery followed by
adjuvant treatment [2].

The shift in favor of peri-operative protocols over upfront
resection, commenced in Europe fifteen years ago, with the benefits
in survival demonstrated by the EnglishMAGIC trial, and the results
were further improved ten years later with the German FLOT4
study [3,4]. The introduction and the subsequent evolution of
perioperative therapy protocols led to remarkable rates of patho-
logic complete response, reported as up to 16% [4] and few stra-
tegies were proposed to consolidate the effects of chemotherapy
and increase the rate of responders, including the administration of
adjunctive pre-operative cycles [5,6].
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Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:laura.lorenzon@policlinicogemelli.it
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejso.2023.06.021&domain=pdf
www.sciencedirect.com/science/journal/07487983
www.ejso.com
https://doi.org/10.1016/j.ejso.2023.06.021
https://doi.org/10.1016/j.ejso.2023.06.021


A. Biondi, L. Lorenzon, G. Santoro et al. European Journal of Surgical Oncology 49 (2023) 106969
To-date, a limited number of studies investigated the clinico-
pathologic features associated with complete response in retro-
spective series of GCs, identifying the expression of HER2 [7], as
well as a non-signet/intestinal histology [ [4,8]] as associatedwith a
greater tumor regression.

Nevertheless, the rate of patients undergoing peri-operative
treatments and experiencing serious (grade 3-4) adverse events
was reported also as significantly high, ranging from 25% to 40% [4],
thus the identification of variables associated with complete
response could aid in implementing treatment strategies aimed at
both at maximizing the benefits of pre-operative therapy in re-
sponders and reducing unnecessary treatments in others.

Based on this background, the research hypothesis of this study
was that we could define a profile of patients responding to pre-
operative therapy based on a combination of clinical and patho-
logical variables. The primary aim was thus the identification of a
framework of features correlated with complete tumor response in
patients with GC who underwent surgery after pre-operative
treatment. The secondary aim was the evaluation of survivals in
responders comparing others.

2. Materials and methods

This is a retrospective cohort study aiming to describe patients
with GC who responded to pre-operative treatments. The protocol
was notified to the Institutional IRB and designed adhering to the
STROBE criteria for observational studies [9]. All consecutive pa-
tients who underwent gastric resection at our Unit between
January 2017 and May 2022 were considered eligible for inclusion.
The Unit is part of the Surgical Department of Fondazione Policli-
nico Universitario A. Gemelli in Rome, a University Research Hos-
pital, ranking as the first Institution for GC volumes of resections/
year in Italy [10,11], and appointed as comprehensive cancer center
in 2019. Included patients were those with a diagnosis of GC with
any clinical stage, undergoing pre-operative treatment and subse-
quent surgical resection. Exclusion criteria were Siewert type I GCs,
patients with genetic syndromes including CDH1 mutations, R2
resections, patients with >30% missing data and those treated with
non-resective palliative procedures (i.e. gastro-jejunal by-pass).

All clinical, operative, pathological and molecular data were
recorded in a prospectively maintained data-base, retrieved and
analyzed for the purpose of this study.

Clinical and operative data included sex, age (years), BMI,
Charlson Index, location of the tumor [12], clinical staging, Bor-
mann classification, type of pre-operative treatment (FLOT vs other
regimens; number of cycles) and type of surgical procedure (open
surgery, mini-invasive -MIS- laparoscopy, robotics, or MIS-
assisted). Post-operative hospital stay (days) and 30-days compli-
cations (Clavien-Dindo Classification) were also recorded. Labora-
tory data were obtained upon surgical admission and included pre-
operative albumin (g/dl), hemoglobin (g/dl), neutrophil and lym-
phocytes count.

Pathology data included the AJCC pathologic stage [13], number
of retrieved and positive lymph-nodes, tumor diameter (mm),
hystotype according to the Lauren's and WHO classification, and
tumor regression (see below).

Molecular data included the expression of HER2 documented
using immunohistochemistry (IHC). IHC evaluations were per-
formed on pre-treatment endoscopic biopsies (when available) or
on samples obtained from the surgical specimens in those GC with
minor or without tumor regression, since by definition a complete
pathologic response has no tumoral tissue available for the mo-
lecular characterizations. At our Institution, other IHC tests, as PDL-
1, are performed in the setting of Institutional protocols and clinical
studies (see below), whereas mismatch repair/microsatellite
2

instability high (MSI-H) status has been consistently reported since
early 2020, thus this variable was excluded from the investigation.

Patients' management. Following endoscopy and GC diagnosis,
the pre-operative assessment is conducted in all patients using
contrast-enhanced chest/abdomen CT scan and with staging lapa-
roscopy in all advanced T/N stages or in cases with unclear peri-
toneal involvement based on imaging. In all patients included in
this series, themanagement was establishedwith a gastrointestinal
oncologist; a formal MDT dedicated to GC including surgeons, on-
cologists, radiation therapists, pathologists and radiologists has
been introduced at the Institution in 2019 and since then it has
been held once a week to discuss all referrals. In brief, all non-
metastatic patients with GC, fit for treatments and staged as cT2
or higher and/or those staged cN þ are scheduled for a peri-
operative treatment, with preferred FLOT regimen (if unfit for the
taxan-based therapy, patients were candidate to ECF or FOLFOX
schemes). Tumors located at the cardia are treated with pre-
operative chemoradiation if Siewert I/II.

In adjunct to the current standards of care, during MDT dis-
cussions GC patients are screened and selected for: a) a randomized
controlled trial (RCT) comparing FLOT vs FLOT/Ramucirumab in
locally advanced non-metastatic esophagogastric adenocarcinoma
(enrolling at our Institution since 2019) [14]; b) a protocol including
pre-operative anti CTLA-4 plus anti-PD-L1 agents for locally
advanced MSI-H GC (enrolling since 2021) [15]; and c) a RCT
comparing prophylactic cytoreductive surgery plus HIPEC vs stan-
dard resection for locally advanced cT3-4/Nþ non metastatic GC
(enrolling since 2021) [16]. Also, and before commencing pre-
operative treatments, patients are screened for malnutrition, us-
ing anthropometry and body composition measures [17] and
treated with oral/enteral nutritional supports if required. Finally,
GC patients Stage IV routinely undergo HER2 IHC evaluation before
chemotherapy, that is prescribed consequently [18,19].

At the end of the pre-operative treatment, patients are re-staged
using contrast enhanced CT scan, re-evaluated in a multidisci-
plinary discussion and scheduled for surgery if appropriate (stable/
responsive disease), in selected cases also aiming to conversion
surgery. Endoscopy is usually performed at the end of neoadjuvant
treatment in GC located at the cardia to define the esophagogastric
junction macroscopic involvement, and plan the surgical resection
accordingly. Surgical resection usually includes a D2 nodal dissec-
tion, and laparoscopic gastrectomy is performed routinary in pa-
tients with early-stage GCs [ [12,20]].

Outcome of interest. The primary outcome of interest was a
complete tumor response, defined as a pathologic diagnosis of
ypT0/Mandard tumor regression grade (TRG) 1 in the surgical
resection specimen [21]. Secondary outcomes included overall
survival (OS), defined as any cause of death, disease free survival
(DFS), defined as the first recurrence after surgical resection, and
disease specific survival (DSS), defined as death due to GC, all
calculated from the date of resection.

Statistics. Categorical data were reported using frequencies and
percentages and continuous variables using mean values and
standard deviations (SD) or medians and ranges. Missing data were
handled with statistical imputation using a non-parametric
Random Forest method. In the entire cohort, clinical and patho-
logical variables were tested for normality and univariable analyses
were performed using the Kruskal-Wallis test for a possible cor-
relation with TRG grades.

Also, to analyze the primary outcome, and to define a set of
variables containing most of the information, a principal compo-
nent analysis (PCA) of quantitative variables was performed to
select those clinicopathological and molecular variables that could
differentiate GCs with TRG1, TRG3 or TRG5 (complete regression -
partial regression - absence of regression). As a first step, the degree
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of correlation among different variables was tested and then 2D
and 3D PCA dimensions were evaluated. Pre-operative variables
presenting a greater contribution in the first two PCA dimensions
were selected and analyzed using an ordinal multinomial logistic
regression.

The selected features were combined to obtain a Decision Trees
(DT) algorithm to differentiate responders vs non responders using
a Random Forest (RF) analysis. For this analysis, the data set was
randomly partitioned (80% training set - 20% test set) and imple-
mented with a 10 k-fold cross validation method to include a
simple DT per each fold. The RF classification model was designed
by the aggregation of many DTs, setting the accuracy at 75% and the
complexity at 0.03, and evaluated for sensibility, specificity and
reliability using the Cohen's kappa coefficient. Finally, the model
was checked for the control over the prediction using the confusion
matrix.

Survival analyses with the end-points of OS, DFS and DSS were
conducted with the KaplaneMeier method and log-rank test and a
Cox multivariable logistic regression. Only patients treated before
2021 were selected for the latter analysis and covariates were
chosen on the basis of the multinominal model. Hazard ratios were
illustrated in a spline model on continuous exposures. Survivals
were also evaluated using a supervised machine-learning approach
to generate a random survival forest analysis (RSF). RSF foresees a
partition of the dataset (training set and validation set), which was
implemented by a 10 k-fold resampling to generate up to 500 tree
survival models. Models were evaluated for the out of bag (OOB)
prediction error (1-C) - to express the rate of misclassification- and
the best splits were assessed using the Gini impurity and analyzed
for precision, recall and F1 score.

All tests were two-tailed, and a p-value of <0.05 was considered
statistically significant. All the analyses were performed using R
software and packages detailed in Supplementary Materials.

3. Results

Out of the 338 GCs patients who underwent surgery during the
Fig. 1. A. Study flow-chart of included and excluded patients showing also steps of statistica
analysis B. Patients treated with pre-operative treatment before and after the introduction

3

investigation period, 108 were selected based on study criteria,
Fig. 1. Of these, the majority of the patients were males (66.7%),
with moderate/severe comorbidity indexes (mean Charlson Index
5.5 ± 2.9) and normal BMI (mean BMI 24.9 ± 4.0). GCs were clas-
sified as Lauren's intestinal type in one third of the cases and
cancers were mostly located in the upper stomach (56.5%); in these
cases, the esophago-gastric junction involvement was 85.3%. In the
vast majority of the population, GCs presented as locally advanced
and had clinical nodal metastases in more than 85.0% of the cases.
One quarter of the series had distant metastases at diagnosis
(mostly with minimal peritoneal disease: mean peritoneal carci-
nosis index -PCI- 3.4, range 1e6). Seventy percent of the patients
were treated with a FLOT-based regimen, among the remaining 32
patients,14 patients were treatedwith FOLFOX schemes, 6 with ECF
schemes, and the others included in trials as detailed above. The
mean number of pre-operative cycles was 5.2 in the whole study
cohort. However, it should be noted, that the mean number of pre-
operative cycles was of 4.3 in the series treated with FLOT and 7.1 in
GCs treated with other regimens; in this latter group, 4 patients
were treated with pre-operative chemoradiation (Supplementary
Table 1). Finally, 6 patients reported a dose reduction or chemo-
therapy suspension due to toxicities. Mean pre-operative labora-
tory values upon surgical admission displayed mild anemia (mean
Hb 11.8 ± 1.7 g/dl), whereas mean neutrophil and lymphocyte
counts were mostly within normal ranges. Among the 9 patients
who presented a HER2 3þ expression, 4 GCs (44.4%) were meta-
static, and among this subgroup, 3 were treated with anti-HER
agents, whereas 1 patient was enrolled in the protocol with neo-
adjuvant immunotherapy [15].

The greater percentage (59.3%) of patients were treated with
total gastrectomy, and 23 patients were treated with a mini-
invasive (MIS) procedure, using laparoscopy or robotics as a full
procedure or MIS-assisted. About 14% of the series had a post-
operative complication requiring a radiological or surgical treat-
ment, whereas 2 patients were readmitted after discharge: one
patient due to bleeding from a splenic artery pseudo-aneurism and
one for dyspnea. Median post-operative hospital stay was of 8.0
l analyses; GC: gastric cancer; TRG: tumor regression grade; PCA: principal component
of a dedicated multidisciplinary team meeting (MDT) in 2019.



Table 1
Univariable analysis with non-parametric tests comparing baseline patients' clinical, pathological and molecular features among different tumor regression categories.

TRG1
7 patients

TRG2
9 patients

TRG3
31 patients

TRG4
43 patients

TRG5
18 patients

P-Value

Age 0.29
Mean; SD 65.1 14.2 59.7 11.2 60.6 9.5 64.4 10.6 63.5 9.2
Median; IQR1-IQR3 71.0 59.0e73.5 56.0 50.0e72.0 63.0 53.0e66.5 67.0 58.5e72.0 63.0 59.2e71.8

Sex 0.23
Male 3 43.0% 7 78.0% 19 61.0% 33 77.0% 10 56.0%
Female 4 57.0% 2 22.0% 12 39.0% 10 23.0% 8 44.0%

Charlson Index 0.31
Mean; SD 3.6 1.7 5.2 2.7 5.4 3.2 5.8 2.8 5.8 2.8
Median; IQR1-IQR3 4.0 2.5e4.5 5.0 3.0e7.0 4.0 3.0e6.5 5.0 4.0e7.0 5.0 4.0e7.5

BMI 0.43
Mean; SD 24.6 3.2 26.5 4.1 25.7 3.3 24.8 4.2 23.6 4.3
Median; IQR1-IQR3 23.8 22.8e25.0 26.0 25.0e29.4 26.3 23.2e27.7 24.0 21.9e28.6 24.0 20.7e26.9

Tumor Location n - (%) 0.46
Lower GC 1 14.0% 5 56.0% 8 26.0% 12 28.0% 6 33.0%
Middle GC 0 0.0% 0 0.0% 6 19.0% 6 14.0% 3 17.0%
Upper GC 6 86.0% 4 44.0% 17 55.0% 25 58.0% 9 50.0%

Esophago-Gastric Junction GC n - (%) 0.79
No 4 57.0% 5 56.0% 18 58.0% 19 44.0% 10 56.0%
Yes 3 43.0% 4 44.0% 13 42.0% 24 56.0% 8 44.00%

Bormann Classification n - (%) 0.21
Fungating/ulcerated 3 43.0% 4 44.0% 20 64.5% 32 74.4% 14 78.0%
Polypoid 3 43.0% 4 44.0% 10 32.3% 7 16.3% 4 22.0%
Others 1 14.0% 1 12.0% 1 3.2% 4 9.3% 0 0.0%

cT Stage n - (%) 0.51
cT2 1 14.0% 1 12.0% 3 9.7% 3 7.0% 0 0.0%
cT3 1 14.0% 4 44.0% 8 25.8% 13 30.2% 4 22.2%
cT4 5 72.0% 4 44.0% 20 64.5% 27 62.8% 14 77.8%

cN stage n - (%) 0.77
cN0 0 0.0% 0 0.0% 3 9.7% 4 9.3% 1 5.6%
cN positive 7 100.0% 9 100.0% 28 90.3% 39 90.7% 17 94.4%

cM Stage n - (%) 0.22
cM0 5 71.4% 6 66.7% 21 67.7% 37 86.0% 11 61.1%
cM positive 2 28.6% 3 33.3% 10 32.3% 6 14.0% 7 38.9%

Neo-adjuvant treatment type n - (%) 0.51
FLOT 3 43.0% 6 66.7% 23 74.2% 32 74.4% 12 66.7%
Others 4 57.0% 3 33.3% 8 25.8% 11 25.6% 6 33.3%

Number of neo-adjuvant treatment cycles 0.16
Mean; SD 5.7 2.9 6.6 6.0 5.4 2.7 4.6 2.1 5.4 2.6
Median; IQR1-IQR3 4.0 4.0e5.9 4.0 4.0e4.0 4.0 4.0e5.5 4.0 4.0e4.0 4.0 4.0e5.7

Pre-operative Hb (g/dl) 0.54
Mean; SD 11.9 1.4 12.0 1.3 12.2 1.7 11.7 1.6 11.3 2.0
Median; IQR1-IQR3 11.8 11.5e12.8 12.2 11.3e12.7 12.1 11.3e13.2 11.9 11.0e12.8 10.9 9.9e12.8

Pre-operative Neutrophil count (x10ˆ9/L) 0.47
Mean; SD 3.9 2.4 3.5 1.3 3.6 1.5 4.1 1.8 4.4 2.1
Median; IQR1-IQR3 3.4 2.3e4.3 2.9 2.6e4.5 3.5 2.5e3.9 3.4 3.0e4.7 4.3 2.6e5.7

Pre-operative Lymphocyte count (x10ˆ9/L) 0.09
Mean; SD 1.9 0.8 1.8 0.6 1.9 0.7 1.8 0.6 1.5 0.4
Median; IQR1-IQR3 1.7 1.4e2.5 1.6 1.5e2.1 1.7 1.4e2.0 1.7 1.4e1.9 1.4 1.2e1.6

Pre-operative Albumin (g/dl) 0.04
Mean; SD 39.3 3.7 40.3 2.7 38.5 3.9 36.9 3.9 36.5 4.5
Median; IQR1-IQR3 38.0 36.5e41.0 41.0 38.1e42.0 38.0 37.0e41.5 37.0 34.5e39.0 36.0 34.2e39.8

Surgical Resection n - (%) 0.34
Sub-Total Gastrectomy 1 14.3% 5 55.6% 9 29.0% 11 25.5% 5 27.8%
Total Gastrectomy 5 71.4% 4 44.4% 18 58.1% 26 60.5% 11 61.1%
Esophago-Gastrectomy 1 14.3% 0 0.0% 4 12.9% 6 14.0% 2 1.1%

Intra-operative HIPEC n - (%) 0.18
No 7 100.0% 7 78.0% 26 84.0% 41 95.0% 14 78.0%
Yes 0 0.0% 2 22.0% 5 16.0% 2 5.0% 4 22.0%

Tumor's diameter (mm) 0.004
Mean; SD 23.2 17.2 25.1 16.4 37.6 22.7 44.8 22.6 58.2 31.2
Median; IQR1-IQR3 30.0 10.0e35.1 20.0 15.0e35.0 40.0 21.0e48.9 40.0 28.5e60.0 57.5 30.0e79.5

Lauren Classification n - (%) 0.19
Intestinal 5 71.4% 5 55.6% 13 41.9% 25 58.1% 9 50.0%
Mixed 2 28.6% 3 33.3% 3 9.7% 7 16.3% 6 33.3%
Diffuse 0 0.0% 1 11.1% 15 48.4% 11 25.6% 3 16.7%

WHO Poorly Cohesive 0.38
No 6 85.7% 8 88.9% 19 61.3% 33 76.7% 13 72.2%
Yes 1 14.3% 1 11.1% 12 38.7% 10 23.3% 5 27.8%

Signet Ring Cells Features 0.15
No 7 100.0% 6 66.7% 16 51.6% 30 69.8% 12 66.7%
Yes 0 0.0% 3 33.3% 15 48.4% 13 30.2% 6 33.3%
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Table 1 (continued )

TRG1
7 patients

TRG2
9 patients

TRG3
31 patients

TRG4
43 patients

TRG5
18 patients

P-Value

Mucinous Features 0.65
No 7 100.0% 7 77.8% 26 83.9% 33 76.7% 15 83.3%
Yes 0 0.0% 2 22.2% 5 16.1% 10 23.3% 3 16.7%

HER2 Expression 0.01
Mean; SD 1.3 0.9 1.2 1.1 0.8 0.7 0.5 0.4 0.3 0.2
Median; IQR1-IQR3 1.3 0.7e1.5 1.0 0.3e1.5 0.0 0.0e1.0 0.0 0.0e0.6 0.0 0.0e0.4

ypT n - (%) <0.01
ypT0 7 100.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0%
ypT1 0 0.0% 3 33.3% 2 22.3% 0 0.0% 0 0.0%
ypT2 0 0.0% 4 44.4% 5 16.2% 8 18.6% 1 5.6%
ypT3 0 0.0% 2 22.3% 19 61.3% 20 46.5% 2 11.1%
ypT4 0 0.0% 0 0.0% 5 16.2% 15 34.9% 15 83.3%

ypN n - (%) <0.01
ypN0 6 85.7% 6 66.7% 8 25.9% 10 23.2% 3 16.7%
ypN1 1 14.3% 1 11.1% 13 41.9% 8 18.6% 2 11.1%
ypN2 0 0.0% 1 11.1% 5 16.1% 11 25.6% 3 16.6%
ypN3 0 0.0% 1 11.1% 5 16.1% 14 32.5% 10 55.6%
ypM n - (%) 0.07
ypM0 6 86.0% 7 78.0% 23 74.0% 38 88.0% 10 56.0%
ypM1 1 14.0% 2 22.0% 8 26.0% 5 12.0% 8 44.0%

Positive Metastatic Nodes <0.01
Mean; SD 0.0 0.0 2.4 5.9 4.0 7.2 6.6 7.5 9.7 12.0
Median; IQR1-IQR3 0.0 0.0e0.0 0.0 0.0e1.0 2.0 0.5e4.0 5.0 1.0e10.5 8.5 2.2e10.8

Lymph-Node Harvest 0.49
Mean; SD 31.4 7.9 42.2 15.2 34.1 14.8 34.1 16.7 36.0 16.0
Median; IQR1-IQR3 32.0 27.5e36.5 38.0 30.0e54.0 31.0 23.5e44.0 30.0 25.0e37.5 39.5 22.5e44.8

TRG: tumor regression grade - GC: gastric cancer.
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days. Overall, in the cohort, the effect of pre-operative treatments
resulted in a 6.5% of TRG1.

Profiling GC regression. For this analysis, an imputation was
performed to overcome amodest percentage of missing data (mean
rate of missing data for each variable 5.7% ± 0.1%; median 2.8%;
range 0.0%e25.9%, Supplementary Table 2 and Supplementary
Fig. 1).

Univariable analyses were then performed to correlate patients'
characteristics and GC features with the different TRGs (Table 1).
These analyses documented a less tumor regression (higher TRG)
Fig. 2. A. Principal component analysis of variables that could differentiate tumor regressi
partition of the 3 TRG groups in the principal component analysis. NAD: neo-adjuvant trea

5

with lower pre-operative albumin levels (median value: 38.0 in
TRG1 vs 36.0 in TRG5, p ¼ 0.04) and lower expression of HER2
(p ¼ 0.01). Greater tumor diameter, higher ypT, ypN stages and
number of positive metastatic nodes also correlated with higher
TRG (p < 0.01).

In order to obtain a framework of features describing patients
with better response to pre-operative therapy, we then focused on
GCswith complete (TRG1), partial (TRG3) and absence of regression
(TRG5), investigating in total 56 patients. As a primary step, a good
correlation among the quantitative variables was documented
on grade (TRG) sub-groups TRG1 vs TRG3 and TRG5; B. Spatial representation and 3D
tment; Hb: hemoglobin.



Table 2
Multinomial logistic regressionx.

Dependent variable TRG1 TRG3

Age
Log-ODDS 0.362 0.058
SE �0.658 �0.068
HER2
Log-ODDS 170.247** 1.387*

�9.188 �0.695
BMI
Log-ODDS ¡29.939** 0.142

�1.679 �0.13
Number of neo-adjuvant treatment cycles
Log-ODDS �2.155 �0.056

�1.859 �0.168
Pre-operative Hemoglobin (Hb)
Log-ODDS ¡16.636** 0.045

�1.968 �0.246
Charlson Index
Log-ODDS ¡25.467** 0.07

�2.974 �0.157
Pre-operative Albumin
Log-ODDS 34.525** 0.217

�2.079 �0.124
Lauren Classification
Log-ODDS ¡3759.126** 2.204

0 �1.165
Constant ¡471.566** �16.358

�4.253 �8.897
Akaike Inf. Crit. 88.19 88.19

xreference TRG5; *p < 0.05; **p < 0.01.
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(Supplementary Fig. 2), and following, a PCA was performed
(Supplementary Fig. 3).

Fig. 2 shows the positive (strong impact) and negative (poor
impact) contributions of the variables in differentiating the 3
groups of TRGs in the PCA. With this respect, pre-operative labo-
ratory values provided mixed contribution (negative contribution:
pre-operative neutrophil and lymphocyte counts; positive contri-
bution: pre-operative albumin and Hb levels), whereas age,
Charlson Index and the other pathologic feature had a strong
positive impact in discriminating these 3 groups. A 3D visual
partition of the 3 TRG groups based these variables is also shown in
Fig. 2.

Finally, those pre-operative variables presenting a greater
contribution in the first two PCA dimensions (Supplementary
Table 2) were selected and computed in a multinomial logistic
regression model. As shown in Table 2, significant results were
documented for HER2 expression, BMI, pre-operative Hb, Charlson
Index, pre-operative albumin, and Lauren classification.

In brief, the log-odds of being classified as TRG1 vs TRG5 was
increased by 170.247 times, as the expression of HER2 increased
from 0-negative to HER2 3þ. The same trend applied to pre-
operative albumin level (80% of TRG5 patients had very low albu-
min levels), whereas opposite results were documented for the
Charlson Index (greater in the TRG5 population) and Lauren clas-
sification. In particular, the log-odds of being classified as TRG1 vs
TRG5 decreased by 3759.126 times when the hystotipe was diffuse
instead of intestinal. The multinomial regression also reported a
significant association of the BMI and pre-operative hemoglobin
levels with a negative log-odds for TRG1 vs TRG5, but it has to be
noted that no clear trend for these variables was documented
among TRG categories (i.e. mean BMI 24.6 in TRG1 vs 25.7 in TRG3
and 23.6 in TRG5).

These variables were therefore combined in a RF model, to
differentiate TRG1 vs TRG5 patients. Even though the expression of
HER2was documented to categorize patients, the DT presented just
one split, with sub-optimal statistical values (sensibility 50.0%,
6

specificity 100.0% and Cohen's kappa coefficient 0.5), possibly due
to the small sample of patients (Supplementary Fig. 4).

Survivals. Forty-nine patients were analyzed with a mean
follow up of 17.1 months. KaplaneMeier curves were obtained
comparing TRG1-TRG2 (complete/major responders) vs TRG3-TRG4
(partial responders) vs TRG5 (non-responders). As shown in Fig. 3,
OS, DFS and DSS were improved in responders compared to the
other groups (log-rank test respectively: p ¼ 0.04, p < 0.0001 and
p ¼ 0.043). At the multivariable Cox analyses, a complete-major
response was independently associated with survival (TRG1-2 vs
TRG5 for OS, DFS and DSS, respectively HR 1.27Eþ08, 95%CI
2.3Eþ07-7.1Eþ08, p < 0.01; HR 51.7, 95%CI 2.9e924.4, p 0.007; HR
1.1Eþ08, 95%CI 1.9Eþ07 -6.8Eþ08, p < 0.01).

Also, an increased Charlson Index independently correlated
with worse OS and DSS, although with limited HR (respectively OS:
HR 1.25, 95%CI 1.00e1.56, p 0.04 and DSS: HR 1.38, 95%CI 1.09e1.74,
p 0.006, Table 3). This correlation is further documented in Fig. 4,
plotting comorbidity indexeswith the relative death rates in OS and
DSS and showing that when the Charlson index increases (x-axis)
increases also the relative death rate (y-axis).

Finally, survivals were evaluated using RSF: the OOB ranged
between 0.27 and 0.37, and the best discrimination model was
obtained for DSS (Supplementary Fig. 5 and 5). Using root analysis,
the model discriminated DSS based on the favorable impact of
HER2 expression. In cases of HER2 negativity, DSS was discrimi-
nated by a Charlson Index greater or equal than 7.5 (negative
impact) or lower than 7.5 (positive impact) (Fig. 5 and Supple-
mentary Materials).

4. Discussion

With this study, we profiled regression grades based on clinical
and pathological features. The univariable analyses pointed to
clinical (increased albumin level), pathological (lower tumor's
diameter, pT, pN stages) and molecular characteristics (increased
HER2 expression), and this profile was further enriched by the PCA
categorization and themultinominal model. From a clinical point of
view, the profile was consistent with that of a patient with a good
performance status (higher albumin level, lower Charlson Index)
with specific tumor's features (intestinal hystotype and HER2
positivity), who presented with better response after pre-operative
therapy. Other associations, as BMI and pre-operative hemoglobin
levels, are more difficult to comment given the fluctuation pre-
sented in the TRG3 category. A similar findingwas also reported in a
small series of Stage 3 GCs, where authors found that pre-treatment
obesity and BMI did not affect the TRG categories [22].

The correlation between immune/nutritional profile with
regression has been previously investigated in literature, although
always in relatively small series. In a recent cohort of 30 GC patients
treated with sintilimab and XELOX, the systemic immune-
inflammatory index and prognostic nutritional index were re-
ported lower in the TRG0-2 AJCC stages [23]. Other examples
include the evaluation of pre-neoadjuvant laboratory values: in
particular lower neutrophil-lymphocytes ratio correlated with
improved TRG categories [24]. Consistently with our findings, a
greater prevalence of intestinal histotype was reported in the TRG
1-2 subgroup in large series of locally advanced GCs treated with
pre-operative chemotherapy [25,26]. Also, the presence of signet
ring cells has been correlated with lower regression grades [26,27].

Unfortunately, it was not possible to investigate mismatch-
repair complex status in our cohort, however, literature in this
field provided controversial results when correlating this variable
with regression grades. Indeed, in 2 large series of French and
Chinese patients, the histological response after neoadjuvant in GC
patients was not statistically different in proficient vs deficient



Fig. 3. Survival curves and tumor regression grade (TRG) sub-groups: A. Overall survival; B. Disease Free Survival; C. Disease specific survival.
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Table 3
Cox logistic multivariable regression survival analysis.

Coef. HR Lower CI 0.95 Upper CI 0.95 Pr(>|z|)

Overall Survival
TRG1-2 vs TRG 3-4 18.51 1.09Eþ08 1.94Eþ07 6.15Eþ08 <0.01
TRG1-2 vs TRG5 18.66 1.27Eþ08 2.26Eþ07 7.14Eþ08 <0.01
Lauren Classification (Intestinal vs Diffuse) �1.21 0.30 0.03 2.55 0.26
BMI �0.16 0.85 0.68 1.06 0.14
Charlson Index 0.23 1.25 1.00 1.56 0.04
Pre-operative Hemoglobin (Hb) 0.20 1.22 0.76 1.96 0.41
Pre-operative Albumin �0.13 0.88 0.70 1.11 0.28
HER2 �89.81 0.00 0.00 e 0.99

Disease Free Survival
TRG1-2 vs TRG 3-4 0.95 2.59 0.25 26.64 0.42
TRG1-2 vs TRG5 3.94 51.73 2.89 924.39 0.007
Lauren Classification (Intestinal vs Diffuse) 0.06 1.07 0.18 6.09 0.93
BMI �0.01 0.98 0.82 1.17 0.87
Charlson Index 0.18 1.19 0.96 1.48 0.09
Pre-operative Hemoglobin (Hb) �0.09 0.91 0.60 1.38 0.66
Pre-operative Albumin �0.11 0.89 0.72 1.10 0.29
HER2 �0.38 0.68 0.27 1.67 0.40

Disease Specific Survival
TRG1-2 vs TRG 3-4 18.76 1.41Eþ08 2.35Eþ07 8.44Eþ08 <0.01
TRG1-2 vs TRG5 18.55 1.14Eþ08 1.89Eþ07 6.80Eþ08 <0.01
Lauren Classification (Intestinal vs Diffuse) �1.44 0.24 0.03 2.08 0.19
BMI �0.09 0.91 0.71 1.17 0.46
Charlson Index 0.32 1.38 1.09 1.74 0.006
Pre-operative Hemoglobin (Hb) 0.25 1.28 0.77 2.13 0.34
Pre-operative Albumin �0.15 0.86 0.68 1.08 0.19
HER2 �89.67 1.14E-39 0.00 e 0.99

Fig. 4. Spline model and Cox proportion hazard. A. Overall survival: x-axis: Charlson index values and y-axis: relative death rate (dashed lines shows 95%CI); B. Disease Specific
survival: x-axis: Charlson index values and y-axis: relative death rate (dashed lines shows 95%CI).
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Fig. 5. Random Survival Forest analysis: A. Disease Specific Survival (DSS); B. Root analysis of the Disease Specific Survival.
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patients [28,29], whereas others reported a statistically significant
association between MSI-H and poor histological response [30].

In line with our results, HER2 expression was documented as
correlated with improved regression grades also by past authors
[31], and in our series this was one of the most influent features on
response to treatment and on survival.

Consistently with past findings, TRG category had a strong
impact on survival in our series, although there has been some
controversy on the long-term significance of a pathologic regres-
sion [ [25,27,32e38]].

Limits of our research were the relatively small cohort analyzed
and the lack of other molecular features which could help in better
describing the profile of patients presenting tumor regression.
Moreover, there was heterogeneity due to the mixed schemes of
pre-operative treatments performed before surgery, however, we
focused more on the effects of these treatments from a clinical
point of view, rather than comparing different schemes.

Among its strengths is the complex statistical work-out used to
elaborate data, in particular in relation to PCA and RFS. PCA is a
method to reduce the dimension of large set of variables to a small
set containing most of the information. The aim of the PCA method
is to summarize, extrapolate and analyze the total (common and
unique) variance among variables. During this process PC scores are
generated, these scores are derived from each case (row) on each
factor (column) (as seen in Supplementary Table 3). On the other
hand, a RFS [39] focuses on regression and classification problems.
RFS was introduced to extend Random Forest (RF) to the setting of
right-censored survival data. The implementation of RSF follows
the same principals as RF: in brief, survival trees are generated
using bootstrapped data, random feature selection is used when
splitting tree nodes, trees are grown deeply, and last, survival forest
ensemble us calculated by averaging terminal node statistics."

On the other hand, the added value of this research is that we
aimed to provide a clinical fingerprint of patients presenting
response to pre-operative treatment. Our results are consistent
with the idea that patients would benefit of the corrections of all
modifiable risk factors before pre-operative and surgical treat-
ments. It's possible that this correction could balance other non-
modifiable factors, as molecular and pathologic features, and it
can result in greater rates of tumors' regression and improved
survivals.

Funding

None.

Ethical compliance

All procedures performed in studies involving human
9

participants were in accordance with the ethical standards and
with the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards. The research protocol has been
notified to the Institutional IRB.

Data access statement

Research data supporting this publication are available from the
corresponding author on reasonable request.

CRediT authorship contribution statement

Alberto Biondi: Data curation, Writing e original draft, prepa-
ration. Laura Lorenzon: Conceptualization, Methodology, Formal
analysis. Gloria Santoro: Methodology, Formal analysis. Anna-
maria Agnes: Literature review, Writing e original draft, prepara-
tion. Antonio Laurino: Data collection, litterature review. Roberto
Persiani: Writing e review & editing. Domenico D'Ugo: Supervi-
sion, Data interpretation, Validation.

Declaration of competing interest

None of the authors has any relevant potential financial conflicts
of interest related to this study.

Acknowledgement

The authors thank Ms Cristina Vacca (Fondazione Policlinico
Universitario Agostino Gemelli IRCCS, Catholic University, Rome,
Italy) for her valuable contribution inmaintaining and updating the
Institutional registry.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.ejso.2023.06.021.

References

[1] https://gco.iarc.fr/today/data/factsheets/cancers/7-Stomach-fact-sheet.pdf.
[2] Lordick F, Carneiro F, Cascinu S, et al. Gastric cancer: ESMO clinical practice

guideline for diagnosis, treatment and follow-up. Ann Oncol 2022;(22):
1851e8. https://doi.org/10.1016/j.annonc.2022.07.004. S0923-7534.

[3] Cunningham D, Allum WH, Stenning SP, et al. Perioperative chemotherapy vs
surgery alone for resectable gastroesophageal cancer. N Engl J Med 2006;355:
11e20.

[4] Al-Batran SE, Homann N, Pauligk C, et al. Perioperative chemotherapy with
fluorouracil plus leucovorin, oxaliplatin, and docetaxel vs. fluorouracil or
capecitabine plus cisplatin and epirubicin for locally advanced, resectable
gastric or gastro-oesophageal junction adenocarcinoma (FLOT4): a rando-
mised, phase 2/3 trial. Lancet 2019;393:1948e57.

[5] Schulz C, Kullmann F, Kunzmann V, et al. NeoFLOT: multicenter phase II study

https://doi.org/10.1016/j.ejso.2023.06.021
https://gco.iarc.fr/today/data/factsheets/cancers/7-Stomach-fact-sheet.pdf
https://doi.org/10.1016/j.annonc.2022.07.004
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref3
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref3
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref3
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref3
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref4
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref4
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref4
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref4
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref4
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref4
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref5


A. Biondi, L. Lorenzon, G. Santoro et al. European Journal of Surgical Oncology 49 (2023) 106969
of perioperative chemotherapy in resectable adenocarcinoma of the gastro-
esophageal junction or gastric adenocarcinoma-Very good response pre-
dominantly in patients with intestinal type tumors. Int J Cancer 2015;137:
678e85.

[6] Lorenzen S, Biederst€adt A, Ronellenfitsch U, et al. RACE-trial: neoadjuvant
radiochemotherapy versus chemotherapy for patients with locally advanced,
potentially resectable adenocarcinoma of the gastroesophageal junction - a
randomized phase III joint study of the AIO, ARO and DGAV. BMC Cancer
2020;20:886.

[7] Stroes CI, van den Ende T, Derks S, al at. A systematic review of HER2 blockade
for the curative treatment of gastroesophageal adenocarcinoma: successes
achieved and opportunities ahead. Cancer Treat Rev 2021;99:102249.

[8] Kaltenmeier C, Althans A, Mascara M, Nassour I, et al. Pathologic complete
response following neoadjuvant therapy for gastric adenocarcinoma: a na-
tional cancer database analysis on incidence, predictors, and outcomes. Am
Surg 2021;87:1145e54.

[9] von Elm E, Altman DG, Egger M, et al. The strengthening the reporting of
observational studies in epidemiology (STROBE) statement: guidelines for
reporting observational studies. Int J Surg 2014;12:1495e9.

[10] Lorenzon L, Biondi A, Agnes A, et al. Quality over volume: modeling central-
ization of gastric cancer resections in Italy. J Gastric Cancer 2022;22:35e46.

[11] https://pne.agenas.it/sintesi/strutture/stru_frequenza.php?cod_struttura
¼12090501.

[12] Japanese Gastric Cancer Association. Japanese classification of gastric carci-
noma: 3rd English edition. Gastric Cancer 2011;14:101e12.

[13] Brierley J, Gospododarowicz MK, Wittekind C. TNM classification of malignant
tumours. Chichester: Wiley; 2017.

[14] https://clinicaltrials.gov/ct2/show/NCT02661971.
[15] Raimondi A, Palermo F, Prisciandaro M, et al. TremelImumab and durvalumab

combination for the non-operatIve management (NOM) of microsatellite
instability (MSI)-high resectable gastric or gastroesophageal junction cancer:
the multicentre, single-arm, multi-cohort, phase II INFINITY study. Cancers
2021;13:2839.

[16] https://clinicaltrials.gov/ct2/show/NCT03917173?term¼GOETH&draw¼2&ra
nk¼1.

[17] Rinninella E, Strippoli A, Cintoni M, et al. Body composition changes in gastric
cancer patients during preoperative FLOT therapy: preliminary results of an
Italian cohort study. Nutrients 2021;13:960.

[18] Bang YJ, Van Cutsem E, Feyereislova A, et al. Trastuzumab in combination with
chemotherapy versus chemotherapy alone for treatment of HER2-positive
advanced gastric or gastro-oesophageal junction cancer (ToGA): a phase 3,
open-label, randomised controlled trial. Lancet 2010;376:687e97.

[19] Al-Batran SE, Goetze TO, Mueller DW, et al. The RENAISSANCE (AIO-FLOT5)
trial: effect of chemotherapy alone vs chemotherapy followed by surgical
resection on survival and quality of life in patients with limited-metastatic
adenocarcinoma of the stomach or esophagogastric junction - a phase III
trial of the German AIO/CAO-V/CAOGI. BMC Cancer 2017;17:893.

[20] Lorenzon L, Giudicissi R, Scatizzi M, et al. D1-plus vs D2 nodal dissection in
gastric cancer: a propensity score matched comparison and review of pub-
lished literature. BMC Surg 2020;20(1):126.

[21] Mandard AM, Dalibard F, Mandard JC, et al. Pathologic assessment of tumor
regression after preoperative chemoradiotherapy of esophageal carcinoma.
Clinicopathologic correlations. Cancer 1994;73:2680e6.

[22] Sakin A, Sahin S, Sakin A, et al. The effect of obesity on response to neo-
adjuvant therapy in locally advanced gastric cancer. Asian Pac J Cancer Prev
APJCP 2020;21:2723e31.

[23] Ding P, Guo H, Sun C, et al. Combined systemic immune-inflammatory index
10
(SII) and prognostic nutritional index (PNI) predicts chemotherapy response
and prognosis in locally advanced gastric cancer patients receiving neo-
adjuvant chemotherapy with PD-1 antibody sintilimab and XELOX: a pro-
spective study. BMC Gastroenterol 2022;22:121.

[24] Zurlo IV, Schino M, Strippoli A, et al. Predictive value of NLR, TILs (CD4þ/
CD8þ) and PD-L1 expression for prognosis and response to preoperative
chemotherapy in gastric cancer. Cancer Immunol Immunother 2022;71:
45e55.

[25] Tong Y, Zhu Y, Zhao Y, et al. Evaluation and comparison of predictive value of
tumor regression grades according to Mandard and Becker in locally advanced
gastric adenocarcinoma. Cancer Res Treat 2021;53:112e22.

[26] Xu X, Zheng G, Zhang T, et al. Is pathologic tumor regression grade after neo-
adjuvant chemotherapy a promising prognostic indicator for patients with
locally advanced gastric cancer? A cohort study evaluating tumor regression
response. Cancer Chemother Pharmacol 2019;84:635e46.

[27] Stark AP, Estrella JS, Chiang YJ, et al. Impact of tumor regression grade on
recurrence after preoperative chemoradiation and gastrectomy for gastric
cancer. J Surg Oncol 2020;122:422e32.

[28] Heran M, Renaud F, Louvet C, et al. Impact of mismatch repair deficiency on
tumour regression grade after neoadjuvant chemotherapy in localized
gastroesophageal adenocarcinoma. Dig Liver Dis 2022;S1590e8658(22).
https://doi.org/10.1016/j.dld.2022.06.009. 00548-5.

[29] Li Z, Wang Y, Ying X, et al. Prognostic and predictive value of mismatch repair
deficiency in gastric and gastroesophageal junction adenocarcinoma patients
receiving neoadjuvant or adjuvant chemotherapy. J Surg Oncol 2021;124:
1356e64.

[30] Cai Z, Rui W, Li S, et al. Microsatellite status affects tumor response and
survival in patients undergoing neoadjuvant chemotherapy for cinical stage III
gastric cancer. Front Oncol 2020;10:614785.

[31] Neves Filho EHC, Pires APB, de Sant'Ana RO, et al. The association among
HER2, MET and FOXP3 expression and tumor regression grading in gastric
adenocarcinoma. APMIS 2018;126:389e95.

[32] Xie JW, Lu J, Xu BB, et al. Prognostic value of tumor regression grading in
patients treated with neoadjuvant chemotherapy plus surgery for gastric
cancer. Front Oncol 2021;11:587856.

[33] Achilli P, De Martini P, Ceresoli M, et al. Tumor response evaluation after
neoadjuvant chemotherapy in locally advanced gastric adenocarcinoma: a
prospective, multi-center cohort study. J Gastrointest Oncol 2017;8:1018e25.

[34] Lombardi PM, Mazzola M, Achilli P, et al. Prognostic value of pathological
tumor regression grade in locally advanced gastric cancer: new perspectives
from a single-center experience. J Surg Oncol 2021;123:923e31.

[35] Tong Y, Zhu Y, Zhao Y, et al. D. Tumor regression grade predicts survival in
locally advanced gastric adenocarcinoma patients with lymph node metas-
tasis. Gastroenterol Res Pract 2020;2020:3435673.

[36] Smyth EC, Fassan M, Cunningham D, et al. Effect of pathologic tumor response
and nodal status on survival in the medical research council adjuvant gastric
infusional chemotherapy trial. J Clin Oncol 2016;34:2721e7.

[37] Blackham AU, Greenleaf E, Yamamoto M, et al. Tumor regression grade in
gastric cancer: predictors and impact on outcome. J Surg Oncol 2016;114:
434e9.

[38] Hayashi M, Fujita T, Matsushita H. Prognostic value of tumor regression grade
following the administration of neoadjuvant chemotherapy as treatment for
gastric/gastroesophageal adenocarcinoma: a meta-analysis of 14 published
studies. Eur J Surg Oncol 2021;47:1996e2003.

[39] Ishwaran H, Kogalur UB, Blackstone EH, Lauer MS. Random survival forests.
Ann Appl Statis 2008;2(3):841e60. https://doi.org/10.1214/08-AOAS169.

http://refhub.elsevier.com/S0748-7983(23)00561-9/sref5
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref5
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref5
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref5
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref5
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref6
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref6
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref6
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref6
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref6
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref6
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref7
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref7
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref7
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref8
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref8
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref8
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref8
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref8
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref9
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref9
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref9
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref9
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref10
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref10
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref10
https://pne.agenas.it/sintesi/strutture/stru_frequenza.php?cod_struttura=12090501
https://pne.agenas.it/sintesi/strutture/stru_frequenza.php?cod_struttura=12090501
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref12
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref12
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref12
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref13
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref13
https://clinicaltrials.gov/ct2/show/NCT02661971
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref15
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref15
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref15
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref15
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref15
https://clinicaltrials.gov/ct2/show/NCT03917173?term=GOETH&amp;draw=2&amp;rank=1
https://clinicaltrials.gov/ct2/show/NCT03917173?term=GOETH&amp;draw=2&amp;rank=1
https://clinicaltrials.gov/ct2/show/NCT03917173?term=GOETH&amp;draw=2&amp;rank=1
https://clinicaltrials.gov/ct2/show/NCT03917173?term=GOETH&amp;draw=2&amp;rank=1
https://clinicaltrials.gov/ct2/show/NCT03917173?term=GOETH&amp;draw=2&amp;rank=1
https://clinicaltrials.gov/ct2/show/NCT03917173?term=GOETH&amp;draw=2&amp;rank=1
https://clinicaltrials.gov/ct2/show/NCT03917173?term=GOETH&amp;draw=2&amp;rank=1
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref17
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref17
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref17
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref18
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref18
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref18
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref18
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref18
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref19
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref19
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref19
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref19
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref19
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref20
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref20
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref20
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref21
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref21
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref21
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref21
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref22
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref22
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref22
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref22
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref23
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref23
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref23
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref23
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref23
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref24
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref24
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref24
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref24
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref24
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref24
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref24
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref25
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref25
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref25
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref25
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref26
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref26
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref26
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref26
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref26
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref27
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref27
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref27
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref27
https://doi.org/10.1016/j.dld.2022.06.009
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref29
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref29
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref29
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref29
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref29
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref30
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref30
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref30
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref31
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref31
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref31
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref31
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref32
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref32
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref32
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref33
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref33
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref33
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref33
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref34
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref34
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref34
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref34
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref35
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref35
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref35
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref36
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref36
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref36
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref36
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref37
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref37
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref37
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref37
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref38
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref38
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref38
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref38
http://refhub.elsevier.com/S0748-7983(23)00561-9/sref38
https://doi.org/10.1214/08-AOAS169

	Profiling complete regression after pre-operative therapy in gastric cancer patients using clinical and pathological data
	1. Introduction
	2. Materials and methods
	3. Results
	4. Discussion
	Funding
	Ethical compliance
	Data access statement
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgement
	Appendix A. Supplementary data
	References


