
Abstract. Background/Aim: Neoadjuvant or perioperative
chemotherapy is the standard treatment for locally advanced
gastric cancer. However, in Eastern countries this is still
debated. The aim of our study was to evaluate the survival
impact of neoadjuvant chemotherapy. Patients and Methods:
A total of 60 patients who underwent preoperative
chemotherapy were compared to patients with locally
advanced gastric cancer that underwent upfront surgery.
Results: Median survival of the entire group curatively treated
was 41 months with a median progression-free survival of 38
months. By excluding patients with stage IV disease from the
neoadjuvant group, a statistically significant difference was
reached both in terms of overall survival and disease-free
survival. By subdividing patients according to pTNM stages,
neoadjuvant patients showed better survival in stage I and II.
Conclusion: Neoadjuvant chemotherapy could be an effective
treatment for locally advanced disease. However, randomized
studies are still needed to fully understand its role and identify
patients that will benefit from it. 

Treatment of gastric cancer (GC) remains a great challenge
for medical and surgical oncologists. Despite the progress
made with the introduction of new drugs, overall survival
(OS) remains low, especially for advanced cases;
furthermore, in Western countries, early diagnosis is also a
challenge. Five-year OS of patients affected by stage II and
III gastric cancer that undergo curative resection remains
very poor, approximately 30% (1, 2).

To date neoadjuvant or perioperative chemotherapy
(NACT) has gained popularity and is considered a standard
treatment for locally advanced GC. In addition, it has been
introduced in the main Western oncological guidelines
associated with a D2 lymph node dissection.

The randomized trials focusing on this matter are
somehow old and have been criticized both in terms of
inclusion criteria, due to the presence of gastro esophageal
junction’s tumors, and also for the surgical technique
concerning the lymphadenectomy extension. However, both
the MAGIC (3) and the FNCLCC-FFCD (4) trials showed
an improved prognosis with a gain in the OS of the group of
patients receiving multimodal treatment.

Al-Batran et al. (5) demonstrated, in a more recent study, that
changing the chemotherapy scheme (FLOT4 vs. ECF/ECX)
improved survival; however, also in this work, junctional
tumors were included, bringing doubts on the final conclusions. 

A meta-analysis by Kumagai (6) et al. on neoadjuvant
treatment of resectable esophageal and gastro esophageal
junction (GEJ) adenocarcinoma reinforced the concept of a
survival benefit provided by NACT. However, the EORTC
trial 40954 (7) contrasted previous studies and could not
confirm the positive effect (8).

For these reasons, there is still a vivid debate regarding
NACT for the treatment of locally advanced GC, with those
in favor arguing the positive effect on survival and the
opponents arguing that a good surgery performed with a
correct lymphadenectomy could overcome the promising
results of chemotherapy (9). 

The aim of our study was to retrospectively evaluate the
survival impact of NACT in patients that underwent gastric
resection for adenocarcinoma of the stomach, compared to
patients that underwent a curatively upfront gastric surgery.
Patients affected by GEJ tumors were excluded.

Patients and Methods

Patients that underwent a surgery for GC from January 2007 to Dec
2019 in our department were retrospectively reviewed. Exclusion
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criteria were tumors other than adenocarcinoma and patients who
could not be candidates for surgery. All the clinical pathological and
technical details were retrieved from a prospectively collected
database, together with preoperative and postoperative records. We
firstly subdivided our series in patients that underwent upfront
surgery and those who were treated with chemotherapy prior to
surgery. Preoperative blood exams performed within one week
before surgery were retrieved. NACT, administered for locally
advanced GC with no distant metastasis, included either docetaxel
plus oxaliplatin and xeloda (DOX) or with epirubicin, cisplatin and
5-fluorouracil (ECF). General conditions, comorbidities, tumor
spread and curative therapeutic options of all the patients were
evaluated by medical oncologists, surgeons and radiologists during
a weekly held multidisciplinary meeting. The surgical approach
consisted of total or subtotal gastrectomy plus a D2/D3
lymphadenectomy. Only in a few selected cases an extended
lymphadenectomy was performed. Always the same two expert
surgeons performed the surgical approach. Complications’ rate was
evaluated and reported according to Clavien-Dindo (10)
classification. Response to NACT in the pathological report was
assessed based on tumor regression grade, according to Becker (11).
Tumor pathological classification was based on the AJCC/TNM 8th
edition (12). Follow up was carried out every 3 months for the first
year, every six months for the second year and once a year
thereafter. Complete blood test, including tumor markers, and a total
body CT with contrast enhancement were performed; upper
endoscopy was performed every year after the surgery. 

Recurrence locations were subdivided into local recurrence when
the anastomosis was involved, peritoneal recurrence, lymphatic
recurrence and hematological (distant) recurrences. If patients had
more than one location involved, all of them were considered. 

The primary endpoint of our study was to retrospectively
evaluate the survival impact of NACT in our cohort of patients on
OS and disease-free survival (DFS) compared to patients that
underwent upfront surgery; secondarily, also the recurrence patterns
were evaluated in the two subgroups.

Statistical analysis. Pearson’s χ2 test or Fisher’s exact test were used
to compare categorical variables, and Student’s t-test was used to
compare continuous variables if normality test was passed, if not
Mann-Whitney test was performed. The median follow-up was
calculated as the median follow-up of survivors. OS was calculated
from the date of gastrectomy in the upfront group and from the
beginning of NACT in the pretreated group. Disease free survival was
calculated from the date of surgery to the recurrence date in both
groups. Survival curves were estimated by the Kaplan–Meier method
and compared with a log-rank test. Cox analysis was adopted to
identify variables associated with OS and disease-free survival. All
significant variables (with p<0.05) were included in a subsequent Cox
multivariable analysis. Statistical analysis was conducted using IBM
SPSS Statistics for Windows, Version 23.0. (IBM Corp. Armonk, NY,
USA) and GraphPad Prism version 7.2 for Mac, GraphPad Software
(San Diego, CA, USA). Statistical significance was set at p<0.05.

Results
A total of 458 patients were admitted in our ward from
January 2006 to March 2020 with the diagnosis of gastric
tumor. The strategy of patient enrolled is shown in the flow
chart in Figure 1. 

Thirty-three patients affected by a neoplasia other than
adenocarcinoma were excluded; five patients were excluded
because were not candidates for surgery due to the general
conditions and tumor spread; seventy-four patients treated before
2007 or during 2020 were excluded in order to have at least 6
months of follow up and also because neoadjuvant treatments in
our department started in 2007. Based on this selection strategy,
we identified 60 patients suitable for preoperative treatment and
287 patient candidates for upfront surgery. 

In the preoperative group, one patient was excluded because
he underwent also preoperative radiotherapy. Furthermore, 12
patients were excluded because they underwent chemotherapy
for the presence of metastatic disease at the diagnosis
(conversion therapy). Therefore, 47 patients were included in
the study and one of them was not subjected to surgery due to
tumor progression during chemotherapy.

In the upfront surgical group, 58 patients were excluded
because they were stage 0 or IA; 90 patients were excluded
because they were stage IV, and 8 patients were excluded
because they were treated with a palliative intent. Therefore
131 patients with locally advanced gastric cancer treated
with upfront surgery were compared to 46 patients with
locally advanced GC that underwent NACT associated with
curative surgery. 

Mean age of the entire population was 73.3±10.4 and
60.7% were male. Median OS was 41 months with a median
progression-free survival (PFS) of 48 months (Figure 2A and
B). Median follow up period was 50 months with a range of
13-162 months. Clinical and surgical characteristics of
patients subdivided into the two groups are shown in Table I.

The average age of patients treated with NACT was
statistically significantly lower than that of patients that
underwent upfront surgery (65.6 vs. 76.1 years old). Female
to male ratio was 29/18 vs. 79/52, respectively, and there was
no difference between the two groups. 

The clinical Tumor involvement (cT) evaluation did not
differ between the groups, but there were statistically
significantly more patients with clinically positive lymph
nodes (cN+) in the neoadjuvant group (87.2% vs. 56.5%,
p=0.0004).

Regarding the surgical technique: 61% of patients treated
with NACT underwent a total gastrectomy and 39%
underwent a subtotal procedure; in the upfront surgery
group, total gastrectomy was performed only in 23% of
patients. The difference between the two groups was
statistically significant with a p<0.0001.

In the neoadjuvant group, lymphadenectomy was more
extensive; a D2 or plus lymphadenectomy was performed in
50% and 45.5% of patients, respectively. Furthermore, in the
upfront surgery group, a D1 lymphadenectomy was performed
in 25.1% of cases whereas a D2 and D3 dissection was
performed in 58.8% and 16.1% of patients, respectively. The
difference was statistically significant (p=0.0002).
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Comparing OS of the two groups, a median survival of 50
months was observed in the treated group and a median
survival of 35 months was observed in the control group
(Figure 3A); however, a statistically significant difference
was not reached. Also, PFS was not found to be different
between the two groups evaluated (Figure 3B).

Pathological and postoperative features of patients
enrolled in the study and subdivided according to treatment
done are shown in Table II. 

No statistical differences were found in terms of Lauren
subtype, pathological T and N, lympho-vascular and perineural
invasion, and the number of harvested lymph nodes. The only
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Figure 1. Flow chart of patients enrolled in the study.

Figure 2. Overall survival (OS) and progression-free survival (PFS) of the entire series; Median OS is 41 months; Median PFS is 48 months.



statistically significant difference was in terms of pathological
stages. Pathological stage IV was present only in the
neoadjuvant group and not in the upfront surgery one. 

For this reason, we analyzed the survival curves,
excluding stage IV from the neoadjuvant group as shown in
Figure 4, and a statistically significant difference was
achieved, both for OS and PFS (p=0.02).

However, subdividing patients according to different
pathological stages, a statistically significant difference was
found only in stage I and II, but not in stage III (p=0.02 and
p=0.06).

By analyzing patients according to histological subtype, a
statistically significant difference in survival in the intestinal
type was found; patients who underwent NACT showed a
better OS when compared to those who were treated upfront
with surgery; this difference was not found in the diffuse
subgroup (Figure 5). Complication rates did not differ
between the two groups. 

In terms of recurrence rate, the two populations did not
differ significantly. Recurrences occurred in 30.3% of the
neoadjuvant population and in 40.5% of the up-front surgical
group. Also, locations of recurrence were similar (Table III).

Even if it seems that in the NAC group there are less
recurrences and less hematological and peritoneal recurrences,
a statistically significant difference was not reached and,
therefore, it is only a trend that needs to be confirmed.  

Discussion

This study evaluated survival outcomes comparing results of
a neoadjuvant group to those of a control group that
underwent upfront surgery in an Italian population affected
by locally advanced GC. In Western countries, survival of
patients with locally advanced GC is poor, showing a local
recurrence rate as high as 50% and a long-term survival rate
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Table I. Clinical and surgical features of patients enrolled in the study.

Clinical and surgical features          NAC             No NAC        p-Value

Age                                                65.6±9.8          76.13±9.8       <0.0001
Gender
  M                                                (29) 62%          (79) 60%            n.s.
  F                                                  (18) 38%          (52) 40%
Karnofsky score
  100                                            (33) 70.2%      (42) 32.1%
  90                                              (11) 23.4%       (47) 35.9&
  80                                                (3) 6.4%         (29) 22.1%       0.0002
  70                                                       0                 (9) 6.9%
  60                                                       0                 (3) 2.3%
  50                                                       0                 (1) 0.7%               
cT*
  T1                                                      0                       0
  T2                                                (4) 8.5%         (15) 11.4%          n.s.
  T3                                              (27) 57.4%      (69) 52.7%
  T4                                              (16) 34.1%      (30) 22.9%             
cN
  N0                                              (6) 12.8%        (56) 42.7%       0.0004
  N+                                             (41) 87.2%      (74) 56.5%
  Nx                                                      0                 (1) 0.8%               
Surgery type
  Total                                            (28) 61%          (30) 23%        <0.0001
  Subtotal                                      (18) 39%         (101) 77%
Lymphadenectomy
  D1                                               (3) 6.5%         (33) 25.1%       0.0002
  D2                                               (23) 50%        (77) 58.8%
  D2 plus                                     (20) 43.5%      (21) 16.1%

NAC: Neoadjuvant chemotherapy. Bold p-Values indicate statistical
significance.

Table II. Pathological features of patients enrolled in the study.

Post operative and                          NAC             No NAC        p-Value
pathological features

Lauren histotype
  Intestinal                                   (25) 53.2%      (74) 56.5%
  Diffuse                                      (17) 36.2%      (37) 28.2%          n.s.
  Signet ring cell                          (9) 19.1%         (17) 13%
  Mixed                                         (5) 10.6%        (20) 15.3%             
Veno-lymphatic invasion                                                                 n.s.
  Yes                                            (21) 44.7%      (67) 51.1%
  No                                              (5) 10.6%        (15) 11.5%
  Missing                                     (20) 42.5%      (49) 37.4%
Perineural invasion                                                                          n.s.
  Yes                                            (19) 40.2%        (55) 42%
  No                                              (7) 14.9%        (26) 19.8%
  Missing                                     (20) 42.5%      (50) 38.2%
pT
  1                                                  (3) 6.4%           (4) 3.1%
  2                                                 (8) 17.0%        (27) 20.6%
  3                                                (14) 29.8%      (52) 39.7%          n.s.
  4a                                               (12) 25.5%      (39) 29.8%
  4b                                                (4) 8.5%           (9) 6.8%               
pN
  0                                                (16) 34.0%      (33) 25.2%
  1                                                (11) 23.4%       (24) 18.3%
  2                                                 (8) 17.0%        (29) 22.1%          n.s.
  3a                                                (7) 14.9%        (23) 17.6%
  3b                                                (4) 8.5%         (22) 16.8%
N° of lymphonodes harvested     36.1±16.6         31.8±20.0           n.s.
pTNM
  I                                                  (7) 15.0%         (12) 9.2%
  II                                                (14) 29.8%      (46) 35.1%      <0.0001
  III                                              (13) 27.6%      (73) 55.7%
  IV                                              (13) 27.6%               0                     
Clavien-Dindo
complications’ rate
  0                                                (21) 44.6%      (45) 34.3%
  I-II                                             (16) 34.1%      (65) 49.6%          n.s.
  III-IV                                           (8) 17%          (13) 9.9%
  V                                                 (1) 2.1%           (8) 6.1%               

NAC: Neoadjuvant chemotherapy.



of less than 30% even if a radical and oncologically curative
surgery has been performed (13).

The survival benefit from the NACT treatment remains
unclear with the two most important Western trials (3, 4) on
the topic showing an improvement in survival but had
important methodology issues, such as a mixture of tumors
with different biological behaviors [esophagus, esophagus-
gastric junction (EGJ) and stomach] and an inadequate
lymphadenectomy (14). 

Our results demonstrating significant benefits both in
terms of OS and PFS in the NAC group are encouraging. To

have a more accurate analysis we excluded patients affected
by EGJ tumor and patients that underwent a palliative
treatment. Furthermore, two expert surgeons performed the
surgery every time, implying a standardized surgical
procedure. The difference in terms of OS and PFS were also
shown after excluding patients with a pathological stage IV
from the neoadjuvant group, and it remained statistically
significant especially in earlier stages.

Moreover, it seems that patients with a pathological N0
could also benefit from a preoperative treatment. This may
be due to the fact that patients with pathological N0 after
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Figure 3. Overall survival and progression-free survival of the two groups; no statistically significant differences were obtained.

Figure 4. Overall survival and progression-free survival comparison of patients with locally advanced gastric cancer according to treatment; p<0.05.



surgery and NAC treatment, might have become N0 after
chemotherapy. In fact, during the clinical study there were
more N+ in the NAC group compared to the upfront group
(87.2% vs. 56.5%, p<0.005). 

As the tumor regression grade (TRG) system only
evaluates the primary tumor, it is unknown whether the
assessment of lymph node regression would help predict the
outcome; in the literature, there are studies asserting that
node status is more important as a prognostic factor than
primary tumor regression (15, 16), lymph node involvement
being one of the most important prognostic factors in gastric
cancer patients. 

However, in our study, TRG, evaluating the primary tumor
response to chemotherapy, correlated with OS. A larger
sample is needed in order to clarify which tumour regression
scoring system should be adopted in order to have the
optimal evaluation of patients’ response to NACT.

We also need a more accurate lymph node staging system
after chemotherapy to be able to compare results among
different centers. 

In our series, patients affected by the intestinal subtype
had a better survival when they underwent neoadjuvant
chemotherapy compared to patients affected by the diffuse
type. To date, no randomized trial of neoadjuvant
chemotherapy has evaluated the response or survival of
patients with different histologic subtypes. Therefore,
findings cannot be supported by clinical research results.
However, a recent study by Zurlo et al. (17) yielded results
similar to ours; but they have also stated that in the present
genomic era, a histology-driven approach to crucial decisions
seems simplistic and rather obsolete. Probably patients with
the intestinal type could be considered more responsive due
to the more differentiated behavior of tumoral cells.

The most frequently used chemotherapy schema is the
combination of docetaxel, oxaliplatin, and xeloda (DOX).
Initially, our oncologist adopted the drug combination of
Epirubicin/ Cisplatin/5-Fluorouracil (ECF). We are aware
that these results will not be comparable to the nowadays
standard treatment established by the FLOT-4 trial (5).
Concerning the safety and complication rate, although
NACT for gastric cancer is widely accepted and practiced,
few studies have investigated the surgical morbidity of this
strategy (7, 18-20). Morbidity and mortality in our two
groups did not differ significantly, but mortality was lower
in the NACT group. However, Yoshikawa et al. (21) reported
a very high mortality (5%) in D2 lymphadenectomy after
chemotherapy when compared to their previous randomized
trials JCOG 9912 (22) and JCOG9502 (23).

In a more recent meta-analysis, van den Ende (24)
concluded that pre-operative FLOT only showed a minor
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Table III. Recurrence rate and location in the two groups, no statistical
difference was shown (p>0.05). 

                                           NAC (33)         No NAC (131)         p-Value

Recurrence
  Y                                     (10) 30.3%           (53) 40.5%
  N                                     (23) 69.7%           (78) 59.5%               N.S.
Location
  Hem.                                 (2) 6.1%              (16) 12.2%
  Local                                 (2) 6.1%                (7) 5.3%
  Lymph.                             (4) 12.1%             (19) 14.5%               N.S.
  Perit.                                  (3) 9.1%              (23) 17.5%                   

Hem.: Hematological recurrence; Lymph.: lymph node recurrence;
Perit.: peritoneal recurrence.

Figure 5. Overall survival comparison in patients with intestinal subtype (p<0.05) and diffuse subtype (p>0.05).



increase in adverse events compared to pre-operative doublet
or triplet regimens. Therefore, pre-operative FLOT should be
the preferred regimen in the perioperative setting for fit
patients. They also asserted that surgical outcomes are not
impaired by pre-operative chemotherapy and can thus be
safely administered. For this reason, we are looking forward
to more results with this regimen, now adopted widely in
Europe. In conclusion, NACT could be considered an
effective treatment, however, it has to be associated with an
excellent surgery, performed by a surgical expert.

Moreover, patients with the diffuse type do not have a
survival benefit from chemotherapy; this difference is
probably due to the tumor biology, which needs to be further
investigated. In the future, it is possible that the therapeutic
strategy will be tailored according to genic and bimolecular
variability, evaluated after an endoscopic biopsy. 

Our exciting results are negatively affected by some
limitations; first the retrospective nature of the study and the use
of a different chemotherapy schema. On the other hand, good
points in favor of the study are the long follow up time and the
strict inclusion criteria, which lead to very homogenous groups. 

We hope that, in the future, the neoadjuvant approach is
driven by molecular biology tests on gastric biopsies and
administered only to patients that could really benefit from
a multimodal approach, and patients judged not eligible for
NACT will be subjected to an aggressive surgery with a
correct extended lymphadenectomy. 
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