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Abstract

Gastric cancer is a common neoplastic disease and,
more precisely, is the third leading cause of cancer
death in the world, with differences amongst geo-
graphic areas. The definition of advanced gastric
cancer is still debated. Different stadiating systems
lead to slightly different stadiation of the disease, thus
leading to variations between the single countries in
the treatment and outcomes. In the present review
all the possibilities of treatment for advanced gastric
cancer have been analyzed. Surgery, the cornerstone
of treatment for advanced gastric cancer, is analyzed
first, followed by an investigation of the different
forms and drugs of chemotherapy and radiotherapy.
New frontiers in treatment suggest the growing
consideration for intraperitoneal administration of
chemotherapeutics and combination of traditional drugs
with new ones. Moreover, the necessity to prevent the
relapse of the disease leads to the consideration of
administering intraperitoneal chemotherapy earlier in
the therapeutical algorithm.

Key words: Advanced gastric cancer; Chemotherapy;
Hypertermic intraperitoneal chemotherapy; Intra-

January 21, 2016 | Volume 22 | Issue 3 |



Coccolini F et a/. Advanced gastric cancer, there's room to improve

peritoneal; Surgery; Definition

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: New frontiers in treatment suggest the
growing consideration for intraperitoneal admini-
stration of chemotherapeutics and combination
of traditional drugs with new ones. Moreover, the
necessity to prevent the relapse of the disease leads
to the consideration of administering intraperitoneal
chemotherapy earlier in the therapeutical algorithm.

Coccolini F, Montori G, Ceresoli M, Cima S, Valli MC, Nita GE,
Heyer A, Catena F, Ansaloni L. Advanced gastric cancer: What
we know and what we still have to learn. World J Gastroenterol
2016; 22(3): 1139-1159 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i3/1139.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i3.1139

INTRODUCTION

Gastric cancer (GC) is a common neoplastic disease
and, more precisely, is the third leading cause of
cancer death in the world, with differences amongst
geographic areas. In fact the GC and advanced gastric
cancer (AC) incidence and related mortality vary
between the latitudes with an higher peak of mortality
in the western countries and a lower mortality rates
in the eastern ones. In fact the United States account
for about 21600 new cases of GC each year, the South
Korea accounts for about 33000 new cases per year;
China has the highest incidence of GC followed by
Mongolia, Japan and South Korea™?. Patients suffering
from GC in eastern countries have a better prognosis
than in western ones. This is mainly due to successful,
decade-old screening programs that detect GC as
early as possible; in Japan the survival for resectable
GC is almost 70%"!. The same results have not
been achieved in Europe and US where the 5-year
survival is almost 25% in advanced cancer (AC)™. The
major differences in eastern and western countries is
summarized in Table 1. They start from the staging
systems [Japanese classification of GC (JCGC) and
American Joint Committee on Cancer Staging Manual
(AJCCSM-TNM)] and pass through all the step of
chemotherapeutical and surgical management of GC
(neoadjuvant, perioperative and adjuvant treatment,
and lymphadenectomy)®®.

The most commonly used classification around the
world is the 7" edition TNM®,

The definition of early gastric cancer is well
established!*"!. As a counterpart the definition of AC
is still matter of debate. Some authors define as AC
the T3 and T4 cancers. However the vast majority
considers as AC the tumors infiltrating beyond the
submucosal layer that are not-early and not-metastatic
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even with NO staging. According to the AJCC-TNM (7"
edition) classification, AC are: T2-T4b/N0-3b/M0-M1

VALUE OF SURGERY

Extension of gastric resection

The only curative treatment either for early GC or non-
metastatic AC is radical surgery with adequate surgical
resection and lymphadenectomy. Lymphadenectomy
is considered adequate if at least 16 lymphnodes are
removed™?,

The concept of adequacy of surgical resection
changed through the years. In the past decades
total gastrectomy has been considered superior to
the partial one for tumors of the antrum. However
in the nineties, some trials demonstrated no survival
or recurrence advantages between the two tech-
niques™**, At present definitive agreement has been
reached about the resection extension in relation to the
position of the tumor and its pattern. For large tumors
or for tumors of the lesser curve total gastrectomy
would be preferable. A proximal margin of at least 3
cm is recommended for T2 or higher degree tumors
with “expansive growth pattern” and a proximal
margin of at least 5 cm is recommended for those with
“infiltrative growth pattern”.

Lymphadenectomy

The penetration of the serosa (T3 disease) and the
lymphnode involvement!* are the principal factors
strongly related with prognosis. Literature reports that
the clearance of lymph-nodes remains crucial™*®*®.,

The lymphadenectomy has shown an important
role in accurate disease staging and in increasing the
long-term survival since the first JCGC in 1998">,
However the extension of the lymphadenectomy is
still a matter of debate. Differences exist between the
JCGC and the TNM classification and are related to the
different values of the two classifications. Some studies
reported that TNM system has greater prognostic
power than the JCGC, however TNM does not provide
treatment guidance and should primarily be used as a
guide for prognosis®”. In contrast, the JCGC system
has been designed as a comprehensive guide to
treatment, and the anatomy-based N-staging system
was established on the basis of lymphadenectomy
effectiveness®”. Part of the problem was solved
considering that in “standard lymphadenectomy”
(D1) almost 15-18 lymph-nodes must be removed to
have a proper staging. The TNM classification is more
accurate in categorizing the number of metastatic
lymph-nodes and gives a better prediction of the
overall survival for GC™®,

The importance of lymphadenectomy is an
issue of continue interest: recently some authors
reported the high propensity of GC to involve
lymph-nodes, particularly for Lauren mixed/diffuse
adenocarcinomast’?.. In Europe the state-of-the-art
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Table 1 Type of standard lymphadenectomy in different countries

ESMO  Germany

United Kingdom

United States Canada Japan

Type of standard lymphadenectomy D2 D2 D2

D1 D1 D1 (for T1)
D2 (not routinely) Modified D2 (see in the text)

ESMO: European society medical oncology guideline.

in curative-intent surgery for GC is gastrectomy with a
RO resection associated with a D2 lymphadenectomy
and omentectomy!*>'"1, This target has been achieved
after numerous randomized controlled trials and cohort
studies! >4,

D1 lymphadenectomy: According to the JCGC,
D1 dissection consists in the resection of the peri-
gastric stations (from 1 to 7 stations)**!, In case
of esophageal-gastric junction tumors also the
infradiaphragmatic, paraesophageal and supra-
diafragmatic stations (19, 20, 110 and 111 stations)
are included”. D1 lymphadenectomy is considered
appropriate for Tla tumor not suitable for endoscopic
resection and for differentiated and small (< 1.5 cm)
cT1bNO tumors'®!. Some authors reported a D1-
plus lymphadenectomy consisting in the removal of
nodal stations 8a, 9, and 11p in cT1INO tumors or as
alternative to D2 in high-risk patients)™®.

D2 lymphadenectomy: D2 dissection consists in
the resection of the peri-gastric stations (D1) and of
second echelon lymph-nodes [hepatic artery (station
8), Celiac artery (station 9), splenic artery (station
11) and anterior hepatoduodenal ligament (station
12a-b)]"L. This procedure should yield at least 16 or
more lymph-nodes for the pathologic evaluation.

D3 lymphadenectomy: The lymphadenectomy can
be considered D3 when posterior (stations No. 12p,
No. 13, No. 14v) and para-aortic (No. 16) lymph-
nodes are removed. D3 is supposed to provide a
better local control of disease in advanced gastric
tumors with mixed-diffuse histotype®'!. The inclusion
of para-aortic lymph-node stations (16-a para-aortic
nodes between the level of the celiac axis and the
left renal vein, and 16-b para-aortic nodes between
the left renal vein and the inferior mesenteric artery)
(considered also as D2 plus) is important in upper third
tumors in large tumors or in tumor with involvement of
station n. 7 (29% of para-aortic involved lymph-nodes
compared to the 7% in middle and lower third GC; P <
0.001)®”%®, However extended lymphadenectomy and
routinely removal of para-aortic lymph-nodes does not
correlate with a benefit in terms of survival®".,

Super-extender D3 lymphadenectomy: Sple-
nectomy or distal pancreatectomy is strongly
discouraged unless deemed necessary based on
tumor involvement!'®**'*?, Even in scenarios of higher
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risk for splenic hilum node involvement, i.e., with
proximal and mid greater curvature primaries, spleen-
preserving hilum lymphadenectomy can be performed
with satisfactory results®?.

Table 2 reports the data about mortality, morbidity
and survival in different types of lymphadenectomy
in the most important published trials. Results from
the first Randomized controlled trials (RCTs)P*>®
reported a superiority of the D1 compared with D2
lymphadenectomy, but these data were not confirmed
by other RCTs, meta-analysis and prospective
studies®****”*® " A recent meta-analysis by Jiang et
al® showed that the results from these two trials
seem to be related with the high rate of splenectomy
and pancreatic resection included in the D2 resection
(65% and 56% respectively), as previously highlighted
in other papers®***!, The analysis of the data from
the Italian Gastric Cancer Study Group showed that
D2 dissection without splenectomy and pancreatic
resection is feasible and safe with comparable results
to those of D1, Splenectomy and pancreatectomy
might be considered beneficial only in case where the
primary tumor or the lymph-node metastasis involve
these organs'®??!, In 2010 a 15-years follow up of
the Dutch trial®®** showed an increased survival rate
in patients underwent to D2 dissection compared
to D1 (29% vs 21%, P = 0.34) with a gastric-
cancer-related death and a regional recurrence rates
increase in D1 group (48% vs 37% and 19% vs 13%
respectively). In 2015 Galizia et a*® published a RCT
to evaluate the difference between D1 plus and D2
lymphadenectomy D2 lymphadenectomyincluded
splenectomy. The results reported a similar median
recurrence rate (47.2% vs 51.4% in D2, P = NS). D2
lymphadenectomy is also considered the standard in
elderly patients with acceptable survival™®”.

The evaluation of the possible role of an ex-
tended lymphadenectomy in reducing the risk of
a local recurrence has been reported in several
studies?®2941421 " A Japanese study'®! showed a
better outcome in terms of mortality and morbidity in
patients underwent to a D2 with para-aortic lymph-
nodes dissection compared to the only D2, due to the
frequent rates of involvement of Para Aortic lymph-
nodes (17%-40%). However, in a similar study in
2008, Sasako et al*® reported that D2 plus para-aortic
lymph-nodes dissection in T2-subserosa, T3, T4 stages
was not associated with an improving survival (70.3%
in D2 plus vs 69.2%, P = NS) or recurrence free
survival (61.7% in D2 plus vs 62.6%, P = NS), with a
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showed potential middle/long-term survival benefit
of the complete removal of the primary disease
and the disseminated macroscopic nodules™" %, In
ovarian cancer the complete removal of PC has been
demonstrated to increase significantly the survival
ratel®”,

In patients with GC and PC, no survival benefits
have been reported for treatment with Cyto Reductive
Surgery (CRS) alone. Kodera et al*® showed that PC
cannot be cured using only CRS because of invisible
cancer cells remain even after CRS. In fact they found
in peri-gastric peritoneum and in macroscopically
intact peritoneum even distant from the surgical
field is possible to detect CEA/cytokeratin 20 mRNA.
This could suggest that without an intraoperative
chemotherapy effective in penetrating the peritoneum
no gain in term of reduction of free cancer cells is
possible even with a complete macroscopic removal
of cancer nodules™. Recently, also multi-drug intra-
peritoneal chemotherapy has been demonstrated to be
safe and effective™'.

As a counterpart, CRS in addition to intraperitoneal
peri-operative chemotherapy assures a significant
benefit in survival rate even in GC with PC**%°81 A
previous meta-analysis clearly demonstrated that
patients affected by advanced GC, either with either
without PC benefit from IPCPY,

Some studies demonstrated that during CRS, if
associated to IPC, the completeness of cytoreduction
was an independent favourable prognostic factor™®.
Yonemura et al**®® reported that complete cytore-
duction was associated with a median survival
of 19.2 mo and a 5-year survival rate of 27%.
Glehen et a® confirmed those results in one of the
bigger prospective cohort study published about
gastrointestinal diseases.

A recent meta-analysis demonstrated as the
completeness of cytoreduction (CC) results in a real
gain in survival®. It reported a 1, 2, 3, and 5-years
survival rate increased in CC0-CC1 cytoreduction
(1 year: RR = 2.41, 95%CI: 1.66-3.49; 2 year: RR
= 8.18, 95%CI: 3.06-21.84; 3 year: RR = 8.66,
95%CI: 2.16-34.79; 5 years: RR = 7.96, 95%CI:
2.70-23.41) (Figure 1) The gain in terms of survival is
progressively higher, with the increasing of the years
of follow-up. This shows that the gain is a long-term
result. Moreover it has been shown a gain also for
minimal differences in terms of millimetres of residual
disease. CC-0 in fact showed better outcomes than
CC-1 cytoreduction. An increased survival has been
demonstrated also in the comparison between CCO
and CC1 cytoreduction at 1 and 3 years (1 year: RR =
2.28, 95%CI: 1.26-4.14; 3 years: RR = 6.36, 95%CI:
1.86-21.82) (Figure 2). The reported morbidity rates
ranged between 1.1% and 38.5%.

Certainly these data should be considered at the
light of the supposed increased complication rate in
such aggressive surgical procedure. As a consequence
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a PCI cut-off evaluating the reasonability of CRS + IPC
treatment is needed.

A recent study by Yonemura et a®* evaluating 95
patients with PC from GC, showed that it was possible
to obtain a complete cytoreduction in 91% (42/46) of
the patients with a PCI < 6 but in only 42% (12/29)
of the patients with a PCI = 7. In addition, the study
demonstrated as the survival of patients with a PCI
score < 6 was significantly better than those with a
PCI score = 7.

The reported 1, 2, 3, 5 years survival change
significantly above and below a PCI of 12. In fact the
reported overall median 1, 2, 3, 5 years survival for a
0-6 PCI are 56%-36%-33%-30% respectively, for a
7-12 PCI are 65%-25%-18%-0% respectively while
for a 13-19 PCI are 35%-22%-0%-0% respectively
and are all 0% for a PCI > 19, Other studies
reported a median survival for PCI below and above 20
of 3-27.7 and 6.4-10.2 mo respectively®*®®,

Minimally invasive surgery

No study dedicated to the use of minimally invasive
surgery in advanced gastric cancer exists. All the
papers considered patients mixed together. However
the results could be considered as indicative about
the possibility to apply this kind of surgery to gastric
cancer. One of the main concerns has historically been
the lymph node retrieval.

Laparoscopic surgery: On the one hand, several
studies showed that laparoscopic gastrectomy is
feasible and effective to treat early gastric cancer
with a D1 lymphadenectomy obtaining better results
than the open technique in terms of postoperative
pain, time to return to normal bowel function and
resumption of oral feeding, time to recovery, length
of hospital stay, cosmetic results and financial
outcome' 7%, In terms of morbidity and mortality
rates laparoscopy reached results comparable to open
resections®®***”!, On the other hand, however, for D2
or higher lymphadenectomy laparoscopic intervention
reduces the possibility to be accurate in dissecting
lymphnodes especially from high-risk nodal stations
(i.e., stations 10 and 12a).

A recent meta-analysis by Wang et al’? including
17 studies considered a total of 2313 patients (955
undergone to laparoscopic total gastrectomy and
1358 to open total gastrectomy). Laparoscopy
showed longer operative time (WMD = 47.00, 95%(CI:
31.67-62.33, P = 0.001), less blood loss (WMD =
2179.60, 95%CI: 2251.80-2107.89, P = 0.001), fewer
analgesic uses (WMD = 22.46, 95%CI: 22.71-22.22,
P = 0.001), earlier passage of flatus (WMD = 20.80,
95%CI: 21.11-20.50, P = 0.001), quicker resumption
of oral intake (WMD = 21.11, 95%CI: 21.57-20.64,
P = 0.001), earlier hospital discharge (WMD = 23.37,
95%CI: 24.58-22.16, P = 0.001), and reduced
postoperative morbidity. No statistical difference
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Heterogeneity: Tau® = 0.00, ;2 = 2.22, df = 4 (P = 0.70); I* = 0% 0.001 o1 1 10 1000
Test for overall effect: 2 = 4.19 (£ < 0.0001) CC2-CC3 cytoreduction CCO-CC1 cytoreduction
C Complete Uncomplete RR RR

cytoreduction cytoreduction
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
Glehen 2004 5 25 0 24 23.9% 10.58 [0.62, 181.49] =
Yang 2010 8 17 0 11 25.4% 11.33[0.72, 178.54] =
Glehen 2010 28 122 1 30 50.6%  6.89 [0.98, 48.60] .
Total (95%CI) 164 65 100.0%  8.66 [2.16, 34.79] ——
Total events 41 1 ‘ ‘ ‘ ‘
Heterogeneity: Tau’ = 0.00, ;° = 0.11, @f = 2 (P = 0.95); I* = 0% 0.01 01 1 10 100
Test for overall effect: 2 = 3.04 (7 = 0.002) CC2-CC3 cytoreduction CCO-CC1 cytoreduction
D Complete Uncomplete RR RR

cytoreduction cytoreduction
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
Yonemura 1996 5 28 1 55 26.5%  9.82[1.20, 80.06] —_—.—
Glehen 2004 4 25 0 24 14.1%  8.65[0.49, 152.58] "
Hall 2004 6 25 0 11 14.9%  6.00 [0.37, 98.07]
Yonemura 2005 6 47 0 60 14.3% 16.52 [0.95, 286.03] =
Glehen 2010 21 122 1 30 30.1%  5.16[0.72, 36.88] -
Total (95%CI) 247 180 100.0%  7.96 [2.70, 23.41] -
Total events 42 2
Heterogeneity: Tau® = 0.00, 7> = 0.52, df = 4 (P = 0.97); > = 0% 00l o1 1 10 100

Test for overall effect: Z = 3.77 (P = 0.0002)

Figure 1 Overall 1-year (A), 2-year (B), 3-year (C) or 5-year (D) survival in patients undergone to CC0-CC1 procedure™.

was found between the two groups in the nhumber
of harvested lymph nodes (WMD = 2.33, 95%CI:
20.04-4.71, P = 0.054), proximal resection margin,
hospital mortality, 5-year OS and DFS were similar.
Another meta-analysis about the comparison
between laparoscopic and open gastrectomy
analyzed 15 non-randomized comparative studies
with 2022 patients (811 undergone laparoscopic total
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gastrectomy and 1211 to open intervention) partially
confirmed the outcome of the other studies”™.

Robotic surgery: The feasibility, safety and eventual
advantages of robotic gastrectomy compared to open
or laparoscopic gastrectomy in treating gastric cancer
are not well defined.

A meta-analysis of four studies considering 5780
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A CCO cytoreduction  CC1 cytoreduction RR RR

Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI

Yang 2010 10 11 1 6 10.6% 5.45 [0.90, 32.96] .

Glehen 2010 52 85 11 37 89.4% 2.06 [1.22, 3.47] .

Total (95%CI) 96 43 100.0%  2.28[1.26, 4.14] <&

Total events 62 12

Heterogeneity: Tau® = 0.03, > = 1.07, df = 1 (P = 0.30); I = 7% ‘ ‘ ‘ ‘
Test for overall effect: 7 = 2.71 (P = 0007) 0.001 0.1 1 10 1000

CC1 cytoreduction CCO cytoreduction

B CCO cytoreduction ~ CC1 cytoreduction RR RR

Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI

Yang 2010 8 11 0 6 20.9%  9.92 [0.67, 146.90] T
Glehen 2010 26 85 2 37 79.1%  5.66 [1.42, 22.62] ——

Total (95%CI) 96 43 100.0% 6.36 [1.86, 21.82] D

Total events 34 2

Heterogeneity: Tau® = 0.00, 7> = 0.13, df = 1 (P = 0.72); I* = 0% ‘ ‘ ‘ ‘
Test for overall effect: Z = 2.94 (P = 0.003) 0.001 0.1 1 10 1000

Figure 2 One-year (A) or 3-year (B) survival compared between CC0 and CC1 cytoreduction

patients with 520 (9.00%) that underwent robotic
gastrectomy and 5260 (91.00%) that underwent
open gastrectomy has been published by Liao et al’".
Robotic gastrectomy has a significantly longer operation
time (WMD = 92.37 min, 95%CI: 55.63-129.12
min, P < 0.00001), lower blood loss [WMD: -126.08,
95%CI: -189.02-(-63.13), P < 0.0001], and shorter
hospital stay [WMD = -2.87, 95%CI: -4.17-(-1.56), P
< 0.0001]. No statistical difference was noted in overall
postoperative complication, wound infection, bleeding,
number of harvested lymph nodes, anastomotic
leakage and postoperative mortality rate.

Shen et al”” in another meta-analysis considering
eight studies with 1.875 patients, compared robotic
and laparoscopic gastrectomy. The study showed
as robotic gastrectomy was associated with a
longer operative time (WMD = 48.46 min, 95 %CI:
29.49-67.43, P < 0.05), lower estimated blood loss
[WMD = -38.43 mL, 95%CI: -67.55-(-9.30), P <
0.05], and a longer distal margin (WMD = 1.04 cm,
95%CI: 0.46-1.62, P < 0.05). In this meta-analysis
complications (OR = 0.95, 95%(CI: 0.7-1.28, P > 0.05),
hospital stay (WMD = -1.00, 95%CI: -2.57-0.56, P
> 0.05), proximal margin (WMD = 0.1 cm, 95%(CI:
-0.25-0.45, P > 0.05), and harvested lymph nodes
(WMD = 1.06, 95%CI: - 2.33-4.45, P > 0.05) for
robotic and laparoscopic gastrectomy were similar.

VALUE OF CHEMOTHERAPY

Neo-adjuvant chemotherapy
Neo-adjuvant chemotherapy is administrated in
order to reduce the tumoral extension increasing
the potential of a radical surgery and to reduce the
biological potential of tumor cells with particular
attention to subclinical micrometastases.

As surgery is considered the only curative approach
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to GC, a suggested potential disadvantage of the pre-
operative chemotherapy could be the delay in surgery.

At present no clear evidences exists about the
value of neo-adjuvant chemotherapy in gastric cancer
treatment: all the proposed phase Il randomized
studies have been closed prematurely.

The Dutch FAMTX trial'”®’”! failed to provide
any definitive answer. The study was prematurely
closed with only 59 patients enrolled. Patients were
randomized to receive methotrexate, 5-fluorouracil,
leucovorin and doxorubicin every four weeks for 4
cycles prior to surgery or to undergo surgery alone.
Forty percent of patients in the experimental group
interrupted chemotherapy because of toxicity. The
rate of curative resections (R0O) was similar in both
groups and lymphadenectomy was limited to D1 in
both groups. No significant differences in term of
complication were recorded. In available data no
survival differences were showed: 5-year survival
rate was 21% in the experimental group and 34% in
controls (P = 0.17).

Also the EORTC 40954Y®! trial was closed pre-
maturely and given the low accrual it was ultimately
underpowered at 25%. The study randomized patients
with gastric and cardias cancer stage I and I to
receive neo-adjuvant chemotherapy with i.v. cisplatin,
folinic acid, fluorouracil, 2 cycles of 48 d plus surgery,
or surgery alone. D2 gastrectomy was performed
in the majority of patients. Available results showed
an increased rate of RO resections in neoadjuvant
chemotherapy group (81.9% vs 66.7%, P = 0.036),
more frequent postoperative morbidity (P = 0.09) and
positive HR favor to NACT in survival but not significant
(HR = 0.84, 95%CI: 0.52-1.35; P = 0.466).

Perioperative chemotherapy
Perioperative chemotherapy combines the admini-
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stration of chemotherapy before surgery as in
neoadjuvant setting plus post-operative chemotherapy
with interval surgery. The aim of this combined
approach is to add the advantages of the neoadjuvant
chemotherapy in reducing tumor size and facilitating
radical surgery with the advantages of the post-
operative chemotherapy. This approach has become
quite frequent in Europe since the publication of two
large randomized trials.

The main clinical study evaluating this strategy is
the MAGIC trial, involving 503 patients with gastric or
distal esophagus adenocarcinoma!®. Patients were
randomized to receive three cycles of the ECF regimen
(epirubicin, cisplatin and 5-fluorouracil) - before and
after surgery or surgery alone. 6.1% of patients in
the chemotherapy arm did not proceed to surgery
compared to the 2.4% in the surgery alone arm due
to the progression of disease during the neoadjuvant
chemotherapy phase. Preoperative chemotherapy
resulted effective in improving curative resection with
RO observed in 79% vs 69% of patients (P = 0.03);
D2 lymphadenectomy was performed in 41% of
patients. Forty-nine point five percent of the patients
that underwent preoperative treatment in the study
received the full courses of the planned postoperative
chemotherapy. Perioperative chemotherapy resulted
in a reduced risk of relapse [HR = 0.66 (95%CI:
0.53-0.81, P < 0.001)] and in improved median OS
(HR = 0.75, 95%CI: 0.60-0.93, P = 0.009) with
a 5-year survival rate of 36% vs 23%. The clinical
importance of the adjuvant component of the MAGIC
regimen was still not certain, this issue was addressed
by a retrospective study from the United Kingdom
on a series of 66 patients undergoing perioperative
chemotherapy according to the MAGIC protocol. The
results of this study showed a considerable prognostic
benefit in terms of disease free survival (DFS) for
patients receiving neoadjuvant as well as adjuvant
treatment compared with patients who did not
undergo postoperative chemotherapy, while OS was
not significantly different between the two groups”®.

Another Randomized trial on perioperative chemo-
therapy in gastric cancer was the French ACCORDO07
trial. In this study 234 patients with gastro esophageal
junction cancer were randomized to receive cisplatin
(100 mg/m?) and 5FU (800 mg/m?* D1-5) every 28 d
for up to 3 cycles prior to surgery and up to 4 cycles
after surgery, vs surgery alone with a recommended
D2 lymphadenectomy™®. However the study was
originally designed to include patients with cancer of
the esophagus and was extended to include cancer of
the stomach only later. Consequently, 64% of accrued
patients had disease of the gastro esophageal junction
while only 25% had gastric carcinoma. Patients who
underwent perioperative chemotherapy presented
with higher rates of curative resection (87% vs 74%, P
= 0.004). Eighty-seven percent of patients received at
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least 2 preoperative cycles. Three point five percent of
patients in chemotherapy arm did not receive surgery
due to progression of disease and chemotherapy
toxicity vs 1% in surgery alone arm. RO resection rate
was 84% in the perioperative chemotherapy group vs
74% in the surgery group (P = 0.04). Perioperative
treatment with the CF regimen was associated with a
reduced risk of relapse (HR = 0.65; 95%CI: 0.48-0.89,
P = 0.003) and a reduced risk of death (HR = 0.69,
95%CI: 0.50-0.95, P = 0.02) with a 5-year survival
rates of 38% vs 24%.

In 2013 was published by Ronellenfitsch et a/®"
a Cochrane single patient data meta-analysis on
the perioperative chemo(radio)therapy in resectable
gastric adenocarcinoma. There were included 14
randomized trials showing an improvement in
overall survival (HR = 0.81, 95%CI: 0.79-0.89, P <
0.0001) with a five year survival gain of 9% (from
23% to 32%) for patients undergoing perioperative
chemo(radio)therapy; the effect was seen 18 mo.
after surgery and lasted at least 10 years. Radical
resection was 1.4 times higher in perioperative
chemotherapy group with a borderline statistical
significance and was confirmed as the strongest
prognostic factor. In the subgroups analyzed, the
advantage offered by perioperative treatment was
more pronounced in tumor of the gastroesophageal
junction. The addition of radiotherapy in the peri-
operative treatment also resulted in a better overall
survival. Perioperative treatment was associated with
longer disease free survival, higher radical resection
rate with no differences in term of mortality and
morbidity. Perioperative chemotherapy’s effect also
associated with patient age, with a larger effect
in younger patients and with no survival benefit
for elderly patients. In a multivariate analysis peri-
operative chemotherapy lost its effect on overall
survival while age, tumor site, performance status
and radical resection remained significantly associated
with better survival.

A major criticism is that in perioperative chemo-
therapy only a small percent of patients, ranging
from 22% to 42%, could receive all the planned post-
operative cycles®!, A British study® on patients
treated with a protocol similar to the MAGIC study
showed a considerable prognostic benefit in terms
of DFS for patients receiving neoadjuvant as well
as adjuvant treatment compared with patients who
did not undergo postoperative chemotherapy, while
0OS was not significantly different between the two
groups. This could demonstrate a relative role of
the post-operative chemotherapy; at the moment a
polish randomized trial (NCT01787539) in recruiting
patients. Patients after preoperative chemotherapy
and surgery are randomized to receive post-operative
chemotherapy or not. Results, not expected before
2022, could clarify the exact role of post-operative
treatment.
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Adjuvant chemotherapy

Adjuvant chemotherapy after radical surgery is the
preferred treatment most parts of the world. Because
the surgery is considered the only curative option for
gastric cancer many surgeons and oncologist prefer
to assail directly the tumor attempting to a radical
surgery.

Evidences about adjuvant chemotherapy were
collected and summarized in a single patient data
meta-analysis by the GASTRIC group in 2010%%,
In the study were included 17 RCT with 3838
patients randomized to receive chemotherapy, in
various regimens, after surgery or surgery alone.
Adjuvant chemotherapy resulted in a prolonged five
years survival (55.3% vs 49.6% respectively, HR
= 0.82, 95%CI: 0.76-0.90, P = 0.001) with similar
disease free survival. No differences in term of drug
regimen, mono-therapy vs poly-chemotherapy were
demonstrated; all the chemotherapic regimens was
fluoropyrimidine based. Two large trials published after
the meta-analysis confirmed the same results showing
the role of post-operative adjuvant chemotherapy.

The ACTSGC study involved 1059 patients with
disease stages II and I submitted to curative
resection associated with D2 lymphadenectomy'®*.
Patients were randomized to receive surgery alone or
surgery plus adjuvant chemotherapy with systemic
S-1 administration for one year. The adjuvant
chemotherapy resulted in a prolonged five-year
survival from 61.1% in surgery alone arm to 71.7% (HR
= 0.66, 95%CI: 0.54-0.82) with a low rate of severe
complications.

The CLASSIC trial included patients with a similar
study protocol randomizing patients to receive surgery
alone vs surgery plus 6 mo of adjuvant XELOX (oral
capecitabine 1000 mg/m’ twice daily on days 1 to
14 plus intravenous oxaliplatin 130 mg/m? on day 1
of each cycle) chemotherapy™. Five year follow-up
showed an increased estimated survival rate in the
adjuvant chemotherapy group, 78% (95%CI: 74-82)
in the adjuvant group and 69% (95%CI: 64-73) in the
surgery alone one; HR = 0.66 (95%CI: 0.51-0.85, P
= 0.0015). A significant reduction in the disease free
survival was also demonstrated (HR = 0.58, 95%(CI:
0.47-0.72, P < 0.0001)°,

Right now evidences supporting the adjuvant
chemotherapy are lacking focus on which patients,
stage and clinical status, could benefit better from
the treatment. Three randomized clinical trials are
undergoing to evaluate different drug regimens of
adjuvant therapy only in patients with stage IlI disease
(clinicaltrials.gov NCT01618474, NCT01935778,
NCT00182611).

New agents

Increased knowledge of tumor biology and the cellular
and molecular mechanisms of malignant proliferation
is leading to the development of targeted therapies
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against these specific mechanisms, in order to reduce
the toxicity of traditional chemotherapic agents
and improve survival. Several biological pathways
have been individuated in gastric cancer, adopting
knowledge from other tumors.

Her-2/neu (ERBB2) right now is the main molecular
target where monoclonal antibodies have been
demonstrated to be effective. HER2 is a cell membrane
receptor involved in cell growth and differentiation; it's
over-expressed in 10%-40% of gastric cancer. Several
meta-analysis assessed the prognostic role of HER2
over-expression in gastric cancer with contrasting
results’® " depending on the diagnostic technique
adopted on the expression assessment. Although
these criticisms of the over expression of HER2
seems to be related with an instestinal tumor type,
according to the Lauren classification, venous and
lymphovascular invasion, lymphnode metastasis and,
above all, overall survival. Against HER2 a monoclonal
antibody, Trastuzumab (Herceptin®, Genentech) has
been developed and was demostrated to be effective.
The ToGA Trial was a randomized phase I study
including patients with metastatic or unresectable
gastric cancer with HER2 over-expression; patients
received cisplatin plus fluoropyrimidines based
chemotherapy plus Trastuzumab or chemotherapy
alone'™. The addition of the monoclonal antibody
resulted in a reduced relative risk of death by 26%
(HR = 0.74, 95%CI: 0.60-0.91), and the risk
reduction was more pronounced in the HER2-enriched
population, with 3+ or 2+ immunohistochemistry and
FISH-positive status (HR = 0.65, 95%CI: 0.51-0.83).
Trastuzumab has been approved in several countries
and has become standard treatment in advanced
gastric cancer. Right now there are no trial evaluating
the role of Trastuzumab in neadjuvant or adjuvant
settings: the positive results in advanced setting
lead to test its efficacy after courative resection and
randomized trials are now recruiting patients: a phase
I trials is evaluating the combination of capecitabine,
oxaliplatin and trastuzumab in the adjuvant setting
(NCT 01748773); a phase 1l trial is evaluating the
same drug regimens in perioperative setting (NCT
01130337).

Lapatinib is tyrosine kinase inhibitor agaist EGFR
and HER2, developed and approved in breast cancer.
It has been tested in advanced gastric cancer in two
phase III studies but did not produce an improvement
in 0S®**: at the moment there are no evidences for
the application of this new drug in resectable gastric
cancer.

Epithelial Grow Factor Receptor (EGFR) is one of
the implicated molecular pathway with a reported
over-expression in 30%-50% of gastric cancert®>®®;
the activation of the cell membrane receptor leads
to a signaling cascade involved in the regulation of
intracellular/intercellular processes such as cell cycle
progression, apoptosis and cell survival, proliferation,
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angiogenesis and metastasis. Several targeted
therapies against this agent have been developed
but all have been tested on metastatic or inoperable
cancers. Cetuximab (Erbitux®), and Panitumumab
(Vectibix®, Amgen), monoclonal antibodies, seem
to slightly improve the progression-free survival in
advanced gastric cancer with contrasting results?®®®”
and their roles are still unclear. Several trials are needed
to estimate the real benefit and the eventual translation
in operable gastric cancer in perioperative settings.
Gefitinib (Iressa®, AstraZeneca Pharmaceuticals) and
Erlotinib (Tarceva®, Roche-Genetech), tyosin-kinase
inhibitors, have been demonstrated as ineffective in
gastric cancer®.

Angiogenesis is another target for novel drug
agents due to its role in tumoral growth, survival and
metastatic diffusion. VEGF and its receptors (VEGFR-1
and VEGFR-2) are the molecular targets involved in
the angiogenic pathways to which were developed
novel agents.

Bevacizumab is monoclonal antibody against VEGF,
which initially developed for colorectal, lung, ovarian,
and renal cell cancers. In AGC it was tested in two
randomized phase I trial, the AVAGAST and the
AVATAR trials®®*?: the addition of Bevacizumab to the
chemiotherapic scheme did not show any difference in
the overall survival; however both median Progression
Free Survival and overall response rate were sign-
ificantly improved in the bevacizumab group. The
new agents are now under evaluation in perioperative
setting in the MAGIC-B trial (NCT00450203) in
operable gastric cancer.

Ramucirumab is a monoclonal antibody against
VEGFR-2: in two different randomized phase 1l trials
was tested on patients with advanced gastric and
gastro-esophageal cancer after disease progression
after first line chemotherapy™® !, In both studies
overall survival was significantly higher in ramucirumab
group [(HR = 0.774, 95%CI: 0.605-0.991); P =
0.042 and 0.807 (95%CI: 0.678-0.962), P = 0.017
respectively]. However the real median gain in overall
survival was only 1.4 and 2.6 mo respectively.

Intra-abdominal chemotherapy

The most important spread of malignant cells in GC
are into the lymphatic torrent and the serosa invasion:
for this reason the 53%-60% of that patients had a
disseminated peritoneal disease (stage II-1V), while
only a 40% of patients have hepatic metastases
through the hematic torrent™**!, Moreover these
patients die more frequently for peritoneal spread of
the disease then distant metastases (77% of patient
MO die for peritoneal progression of disease), despite
a radical surgery, and radiotherapy or systemic
chemotherapy regimens!*¥'°%'%  pgsitive cytology
was found in 11% to 27% of patients with GC'®!,
the administration of chemotherapics directly into the
peritoneal cavity has been suggested as a potential
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therapy of GC at this stages.

Two recent meta-analysis'*>'*®! have investigated
its role in GC with or without peritoneal, nodal and
distant metastasis after radical surgery. The first!*®?
evaluated the effect of IPC plus CRS in patients with
GC with peritoneal, nodal and distant metastasis. They
analyzed 20 RCTs (2145 patients) and reported an
increase of overall survival in patients who underwent
CRS plus IPC. IPC reduced 1, 2, 3-years mortality (OR
= 0.31, 0.27, 0.29 respectively) (Figure 3), 2 and
3-years mortality in patients with loco regional nodal
metastasis (OR = 0.28, 0.16 respectively) (Figure 4),
1 and 2-year mortality rate in patients with serosal
infiltration (OR = 0.33, 0.27 respectively) (Figure 5).
However morbidity rate was increased by surgery
plus IPC (OR = 1.82). The overall recurrence and
the peritoneal recurrence rates were improved by
surgery plus IPC (OR = 0.46 and 0.47 respectively)
(Figure 6). There was no statistically significant
difference in lymph nodal recurrence rate. The rate of
hematogenous metastasis was improved by surgery
plus IPC (OR = 0.63).

In the second meta-analysis, Mi et al'® evaluate
the effect of hypertermic intraperitoneal chemotherapy
(HIPEC) on patients without peritoneal metastasis who
have undergone radical surgery. They analyzed 16
RCTs (1906 pts.) in which was compared surgery alone
vs CRS plus HIPEC. Data reported an improvement in
survival rate at 1, 2, 3, 5, 9 years (HR = 2.99, 2.43,
2.63, 2.49, 2.14 respectively, P < 0.05). A significant
reduction in recurrence rate in HIPEC plus surgery
group was found after 2, 3, 5-years (RR = 0.42,
0.35, 0.47, P < 0.00001). Despite the previous meta-
analysis, HIPEC group was not associated with higher
risks of anastomotic leakage, ileus, bowel perforation,
myelosuppression, gastrointestinal reaction and
hypohepatia, but it increased the incidence of
abdominal pain (RR = 21.46, P < 0.00001).

Another recent meta-analysis by Sun et al
reported data about HIPEC plus surgery vs surgery
alone in patients with macroscopic serosal invasion
without distant metastasis or peritoneal carcinomatosis
(10 trials, 1062 patients). The overall survival was
improved in HIPEC group particularly in Mitomycin
subgroup [RR = 0.75 (P < 0.00001) and in 5-Flu-
orouriacil (5FU) group RR = 0.69 (P < 0.00001)].

Neoadjuvant regimen could downstage tumor
and improve the efficacy of radical surgery, and IPC
plus CRS could effect on the tumor and on peritoneal
disease and free malignant cells. In 2012, Yonemura
et al'*®! proposed a new therapeutic approach
called “bidirectional chemotherapy” aims to induce
a reduction of the peritoneal disease and reduce the
free malignant cells. He proposed a neoadjuvant
intraperitoneal and systemic chemotherapy (NIPS) that
can act on peritoneal carcinomatosis from inside of
peritoneum and from the subperitoneal blood vessels.
He proposed a drug regimen with oral S-1, i.v. taxotere
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A Surgery + intrap Surgery OR OR
chemother
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
1.1.1 Treatment of peritoneal carcinosis
Sautner 2004 11 33 20 34 18.9% 0.35[0.13, 0.95] —
Yang 2011 10 34 24 34 17.4%  0.17 [0.06, 0.49] —
Subtotal (95%CI) 67 68 36.3% 0.25[0.12, 0.51] e =
Total events 21 44
Heterogeneity: Tau® = 0.00, 7> = 0.91, df = 1 (P = 0.34); I’ = 0%
Test for overall effect: Z = 3.77 (P = 0.0002)
1.1.2 Prophylaxis of peritoneal carcinosis
Hagiwara 1992 3 24 8 25 9.1% 0.30 [0.07, 1.32] —_——
Fujimura 1994 3 40 10 18 8.8% 0.06 [0.01, 0.29] —_—
Tan 2000 1 22 4 29 3.9% 0.30 [0.03, 2.87] _
Zuo 2004 1 46 2 36 3.4% 0.38 [0.03, 4.34]
Ding 2007 4 41 7 37 11.2%  0.46 [0.12, 1.73] —_—
Kuramoto 2009 10 59 6 29 15.1% 0.78 [0.25, 2.41] — e
Deng 2009 4 44 9 41 12.1% 0.36 [0.10, 1.26] —_—
Subtotal (95%CI) 276 215 63.7% 0.34 [0.18, 0.62] L 2
Total events 26 46
Heterogeneity: Tau® = 0.10, ° = 7.05,dF = 6 (P = 0.32); I = 15%
Test for overall effect: Z = 3.48 (P = 0.0005)
Total (95%CI) 343 283 100.0%  0.31[0.19, 0.48] S 2
Total events 47 90 ‘ ‘ ‘ ‘
e 2 2 .2
Heterogeneity: Tau® = 0.03, y° = 8.44, df =8 (P = 0.39); I' = 5% 0.01 01 1 10 100
Test for overall effect: Z = 5.10 (P < 0.00001) ;
Test for subgroup differences: »* = 0.39, df = 1 (P = 0.53), I* = 0% Favours surg + intrap chemo  Favours surgery
B Surgery + intrap Surgery OR OR
chemother
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
1.2.1 Treatment of peritoneal carcinosis
Takashashi 1995 19 56 37 57 22.1% 0.28 [0.13, 0.60] —
Fujimoto 1999 9 71 23 70 20.1% 0.30 [0.13, 0.70] —a
Yang 2011 29 34 32 34 8.1% 0.36 [0.07, 2.01] —_—
Subtotal (95%CI) 161 161 50.2% 0.29 [0.17, 0.51] S
Total events 57 92
Heterogeneity: Tau® = 0.00, ° = 0.08, df = 2 (P = 0.96); I’ = 0%
Test for overall effect: Z = 4.41 (P < 0.0001)
1.2.2 Prophylaxis of peritoneal carcinosis
Hagiwara 1992 8 24 17 25 13.8% 0.24 [0.07, 0.78] —
Fujimura 1994 6 40 14 18 10.9% 0.05[0.01, 0.21] —_—
Shimoyama 1999 11 30 6 16 12.9% 0.96 [0.27, 3.39] —
Tan 2000 4 22 13 29 12.2% 0.27 [0.07, 1.01] —
Subtotal (95%CI) 116 88 49.8% 0.24 [0.08, 0.76] -
Total events 29 50
Heterogeneity: Tau® = 0.92, 7> = 9.42, df = 3 (P = 0.02); I* = 68%
Test for overall effect: Z = 2.43 (P = 0.02)
Total (95%CI) 277 249 100.0%  0.27 [0.16, 0.47] <o
Total events 86 142
e 2 _ 2 _ — — 2 1 1 1 1
Heterogeneity: Tau® = 0.20, y° = 9.60, df = 6 (P = 0.14); I' = 37% 0.01 o1 1 10 100

Test for overall effect: Z = 4.63 (P < 0.00001)

Test for subgroup differences: > = 0.08, df = 1 (P = 0.77), I’ = 0%
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C Surgery + intrap Surgery OR OR
chemother
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
1.3.1 Treatment of peritoneal carcinosis
Takahashi 1995 19 56 47 57 26.4% 0.11 [0.05, 0.26] —a—
Sautner 2004 22 33 24 34 6.7% 0.83[0.30, 2.34] ——
Yang 2011 32 34 34 34 2.1% 0.19[0.01, 4.07] =
Subtotal (95%CI) 123 125 35.2% 0.25[0.14, 0.47] -
Total events 73 105
Heterogeneity: * = 8.66, df = 2 (P = 0.01); I* = 77%
Test for overall effect: Z = 4.34 (P < 0.0001)
1.3.2 Prophylaxis of peritoneal carcinosis
Hagiwara 1992 8 24 18 25 10.1% 0.19 [0.06, 0.66] —_—
Fujimura 1994 16 40 14 18 9.9% 0.19 [0.05, 0.68] —_—
Tan 2000 4 22 13 29 7.9% 0.27 [0.07, 1.01] —_—
Zuo 2004 8 46 14 36 11.1% 0.33[0.12, 0.91] —
Ding 2007 13 41 19 37 11.7%  0.44[0.18, 1.10] —
Deng 2009 18 44 27 41 14.1% 0.36 [0.15, 0.87] —
Subtotal (95%CI) 217 86 64.8% 0.31 [0.20, 0.47] 2
Total events 67 105
Heterogeneity: > = 1.83,df =5 (P = 0.87); I = 0%
Test for overall effect: Z = 5.37 (P < 0.00001)
Total (95%CI) 340 311 100.0%  0.29 [0.20, 0.41] L 2
Total events 140 210
e 2 — — R | 1 | 1
Heterogeneity: y° = 10.74, df = 8 (P = 0.22); I' = 26% 0.01 01 1 10 100

Test for overall effect: Z = 6.90 (P < 0.00001)
Test for subgroup differences: > = 0.25, df = 1 (P = 0.61), I* = 0%

Figure 3 Overall 1-year (A), 2-year (B) or 3-year (C) mortality in intraperitoneal chemotherapy

and cisplatinum and intraperitoneal cisplatinum and
docetaxel. Yonemura reported a reduction of positive
cytology from 70.8% to 22.9% after NIPS, and 69%
of the first 70.8% positive cytology became negative.
After NIPS a complete cytoreduction (CCO) was
achieved in 70.7% of patients and in a 36.8% of cases
was achieved a complete pathological response of PC.
The overall morbidity was 24.4% and overall mortality
was 3.7%. The median survival time was 14.4 mo,
with a survival rate at 1, 3, 5-years of 61%, 16% and
16% respectively However due to the high morbidity
and mortality rates the procedure should be chosen
only after a strict patients selection (patients with good
pathological response and a PCI < 6). In 2014 was
published a similar study™® that confirmed these data
about mortality (3.9%) and morbidity (23.6%) and
showed better survival rates (66%, 32% and 10.7%
at 1, 2, 5-years). Moreover the authors reported that
in the literature 25% of patients with negative cytology
before induction chemotherapy became positive,
while in their study no patient with negative cytology
switched in a positive cytology after bidirectional
chemotherapy. These data suggested that bidirectional
chemotherapy could give a better control than usual
therapy in case of peritoneal disseminated disease.
Further studies are needed to confirm it.

Intra-abdominal cytology
In the last years the literature has shown the
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fundamental role of free peritoneal tumor cells and
positive cytology for the survival, particularly in
Advanced GC!%*H,

When gastric serosa is involved, Peritoneal
Carcinosis could be considered practically unavoid-
able!®4, In the case of free peritoneal tumor cells
in the abdominal cavity the natural evolution in
peritoneal carcinomatosis occur in 80% of cases, with
a distant survival near to 0%!"'?, Positive cytology was
considered the most important prognostic factor (more
than T or N) for advanced disease, early recurrence,
and it decreased disease-specific survival following
curative resection in patients with GC"*. In the AJCC-
NCCN 7™ edition, the positive cytology at the staging
laparoscopy is considered as M1 disease!**'*1, The risk
factors of positive cytology are increasing T stage and
serosal invasion (increase the relative risk of positive
cytology of 11 over that of patients without serosal
involvement; P = 0.03), and positive node disease
(increase of 5 fold the risk of positive cytology)™*,

Recent studies have shown that more than 30% of
patients with a disease beyond T1 on EUS and absent
metastasis on CT-scan have evident peritoneal disease
on laparoscopy!'®, Despite the importance of a
staging laparoscopy (in locally advanced GC T = 3 and
N = 1) this procedure is not always performed before
surgery™®*%, Some authors stratified with Endoscopic
UltraSounds into high and low risk patients (T1/T2, NO
vs T3/T4, N+) before proceed to a staging laparoscopy
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A Surgery + intrap Surgery OR OR
chemoter
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
Hagiwara 1992 8 24 17 25 16.3%  0.24[0.07, 0.78] —
Takahashi 1995 19 56 37 57 38.6% 0.28 [0.13, 0.60] ——
Fujimura 1999 9 71 23 70 31.5% 0.30 [0.13, 0.70] —
Tan 2000 4 22 13 29 13.6% 0.27 [0.07, 1.01] —a—
Total (95%CI) 173 181 100.0%  0.28 [0.17, 0.45] <o
Total events 40 90 ‘ ‘ ‘ ‘
Heterogeneity: Tau? = 0.00, > = 0.10, df = 3 (P = 0.99); I* = 0% 0.01 01 1 10 100

Test for overall effect: Z = 5.24 (P < 0.00001)
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B Surgery + intrap Surgery OR OR
chemoter
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
Hagiwara 1992 8 24 18 25 26.4% 0.19 [0.06, 0.66] —a—
Takahashi 1995 19 56 47 57 50.7% 0.11 [0.05, 0.26] ——
Tan 2000 4 22 13 29 22.9% 0.27[0.07, 1.01] —
Total (95%CI) 102 111 100.0%  0.16 [0.08, 0.29] e 4
Total events 31 78
Heterogeneity: Tau’ = 0.00, ° = 1.47, df = 2 (P = 0.48); I’ = 0% ‘0'01 011 1 16 100‘

Test for overall effect: Z = 5.80 (P < 0.00001)

Figure 4 Two-year (A) or three-year (B) mortality in patients with locoregional nodal metastasis
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A Surgery + intrap Surgery OR OR
chemother

Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
Hagiwara 1992 3 24 8 25 27.7% 0.30 [0.07, 1.32] —a—
Tan 2000 1 22 4 29 11.7% 0.30 [0.03, 2.87] B
Sautner 2004 11 33 20 34 60.6% 0.35[0.13, 0.95] —l—
Total (95%CI) 79 88 100.0%  0.33[0.15, 0.72] B =
Total events 15 32

e 2 _ 2 _ — _ LR L L L I
Heterogeneity: Tau® = 0.00, y° = 0.03, df = 2 (P = 0.98); I" = 0% 0.01 0.1 1 10 100

Test for overall effect: 2 = 2.80 (P = 0.005)
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B Surgery + intrap Surgery OR OR
chemother
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
Hagiwara 1992 8 24 17 25 23.8% 0.24 [0.07, 0.78] —a—
Takahashi 1995 19 56 37 57 56.4% 0.28 [0.13, 0.60] ——
Tan 2000 4 22 13 29 19.8% 0.27 [0.07, 1.01] —_—
Total (95%CI) 102 111 100.0%  0.27[0.15, 0.48] <@
Total events 31 67
Heterogeneity: Tau? = 0.00, 7* = 0.05, af = 2 (P = 0.97); I* = 0% 00l o1 1 0 100

Test for overall effect: Z = 4.45 (P < 0.00001)

Figure 5 One-year (A) or 2-year (B) mortality in patients with serosal infilatration

and found peritoneal dissemination (M1 disease) in
25% of high risk patients 25% vs 4% in low risk!'%".,
Some authors proposed an algorithm for patients
with locally advanced GC in which after a complete
pre-treatment staging (including staging laparoscopy
and peritoneal washing), if cytology was positive they
underwent to palliative chemotherapy and/or surgery,
and if is negative they underwent to neoadjuvant
chemotherapy with a successive second look lapa-
roscopy with peritoneal cytology evaluation®,
However, despite neoadjuvant therapy, patients with
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cytology conversion from positive to negative have not
a significant increase survival™®.,

The main criticism of peritoneal washing cytology
remains its low sensitivity (14%-70% but it should
be noticed that these rates are extrapolated from
heterogeneous cohorts of patients in different disease’s
stage)™%, Ang et al™” found in his series that 10.2%
of patients with negative radiological and staging
laparoscopy for metastatic disease have a positive
cytology, and that 8/20 patients have a peritoneal
biopsy positive for peritoneal disease with a negative
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A Surgery + intrap Surgery OR OR
chemother

Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI

Hamazoe 1993 15 42 19 40 10.2% 0.61 [0.25, 1.49] —

Fujimura 1994 11 40 9 18 6.0% 0.38 [0.12, 1.20] —_—

Rosen 1998 21 46 21 45 11.8% 0.96 [0.42, 2.19] —

Yu 1998 45 125 72 123 30.5% 0.40 [0.24, 0.66] ——

Fujimoto 1999 19 71 33 70 16.1% 0.41 [0.20, 0.83] —a

Yonemura 2001 34 92 25 47 15.7% 0.52 [0.25, 1.05] —a

Deng 2009 9 44 18 41 8.7% 0.33[0.13, 0.86] —

Kuramoto 2009 45 59 29 29 1.0% 0.05 [0.00, 0.93]

Total (95%CI) 519 413 100.0%  0.46 [0.35, 0.62] *

Total events 199 226

Heterogeneity: Tau® = 0.00, ° = 6.80, df = 7 (P = 0.45); I’ = 0% : : ‘ .
0.01 0.1 1 10 100

Test for overall effect: Z = 5.32 (P < 0.00001)
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B Surgery + intrap Surgery OR OR
chemother

Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
6.2.1 Treatment of peritoneal carcinosis -
Fujimoto 1999 1 71 16 70 11.6% 0.05 [0.01, 0.37] —_—
Yang 2011 27 34 27 34 4.1% 1.00 [0.31, 3.24]
Subtotal (95%CI) 105 104 15.7% 0.29 [0.12, 0.70] P
Total events 28 43
Heterogeneity: * = 7.14, df = 1 (P = 0.008); I* = 86%
Test for overall effect: Z = 2.77 (P = 0.006)
6.2.2 Prophylaxis of peritoneal carcinosis
Hamazoe 1993 7 42 13 40 8.1% 0.42 [0.15, 1.18] E——
Fujimura 1994 7 40 4 18 3.3% 0.74 [0.19, 2.95] —_—
Ikeguchi 1995 22 78 38 96 17.9% 0.60 [0.32, 1.14] —a
Yu 1998 19 125 37 123 23.2% 0.42 [0.22, 0.78] —m—
Rosen 1998 6 46 4 45 2.6% 1.54 [0.40, 5.86] —_—
Tan 2000 0 22 6 29 4.0% 0.08 [0.00, 1.51] <
Yonemura 2001 15 92 7 47 5.7% 1.11 [0.42, 2.95] —_—
Ding 2007 9 41 15 37 9.0% 0.41 [0.15, 1.11] —
Kuramoto 2009 35 59 26 29 10.4% 0.17 [0.05, 0.62]
Subtotal (95%CI) 545 464 84.3% 0.50 [0.37, 0.68] <
Total events 120 150
Heterogeneity: 2 = 10.68, df = 8 (P = 0.22); I = 25%
Test for overall effect: Z = 4.37 (P < 0.0001)
Total (95%CI) 650 568 100.0%  0.47 [0.35, 0.63] <&
Total events 148 193

ity 2 = - - SR = 0, | | | |
Heterogeneity: y° = 17.36, df = 10 (P = 0.07); I' = 42% .01 ol . 10 100

Test for overall effect: Z = 5.12 (P < 0.00001)
Test for subgroup differences: > = 1.30, df = 1 (P = 0.26), I = 22.8%

Figure 6 Overall (A) or peritoneal (B) recurrence in patients treated with intraperitoneal chemotherapy

cytology. To improve the sensitivity Homma et a/t*'"!
suggested to perform the washing in multiple cavities
(right and left subphrenic space, inside the omental
bursa, and Douglas pouch), and not only in the
Douglas pouch™®!,

VALUE OF RADIOTHERAPY

External beam Radiotherapy (RT) has a role in the
treatment of locally advanced gastric cancer in
preoperative, postoperative or palliative setting.
Neoadjuvant or adjuvant radiochemotherapy
(RCTh) improves overall survival, compared to surgery
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alone. However a clear consensus on the better
treatments integration hasn't already been defined.
Neoadjuvant therapy increases the probability
of curative resection due to down-staging. The pre-
operative RT target volume is generally smaller and
the presence of the macroscopic tumor displaces
surrounding normal structures (organ at risk). On
the contrary, organs at risk receive higher dose if
they fill the original tumor site in the postoperative
setting. Moreover postoperative strategies generally
require higher doses to achieve the same local control
effect, because of the increased tissue hypoxia. The
irradiated volumes are the tumor with a safety margin
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surrounding it, in the preoperative setting, or the
tumor bed in the postoperative one. Regional lymph
nodes (perigastric, celiac axis, pancreaticoduodenal,
porta hepatis, paraaortic and splenic hilar lymph
nodes) are part of the target volume according to the
stage or the extension of disease.

The prescribed total dose is usually 45 Gy in 25
daily fractions.

The modern RT techniques (i.e., 3D-conformal,
intensity-modulated RT, Arc techniques, Tomotherapy)
seem to allow a better target coverage and a lower
radiation related toxicity, even if clinical trials are still
ongoing.

Pre-operative setting

The role of neoadjuvant RCT have been explored
considering the excellent results in terms of local
control and overall survival (OS) in the treatment
of esophageal and rectal cancer™®*'’1, Trials of
neoadjuvant chemotherapy (CT) or RCTh compared
to surgery alone have shown an OS improvement
in patients with esophageal and esophago-gastric
junction Siewert I -1II adenocarcinomas.

Small prospective studies have examined the
use of induction CT prior to preoperative RCTh for
potentially resectable gastric cancer showing good
rates of pathological response and RO resection, with
acceptable acute and late toxicity!®*2%,

Single institution retrospective data have also been
published™" > but we lack significant evidence on
the effectiveness of neoadjuvant approach in gastric
cancer.

The randomized trial “Preoperative Therapy for
Gastric and Esophagogastric Junction Adenocarcinoma”
compares neoadjuvant CT vs RCTh. It started with
randomization in 2009 and the end of enroliment is
planned for 2020,

Post-operative setting

In 2001 the pivotal INTO116 study has established the
role of adjuvant RCTh in the management of locally
advanced gastric cancer demonstrating that adjuvant
RT (45 Gy in 25 fractions over 5 wk) plus 5-fluorouracil
based CT increases relapse-free and OS, compared
with surgery alone, despite high toxicity™". This result
is confirmed significant with a hazard ratio for OS
of 1.32 in favour of adjuvant RCT™* after ten years
follow-up.

The main limitation of the study is the suboptimal
surgical treatment because 54% of patients have
been treated with a D1 lymphadenectomy and only
10% with D2 lymphadenectomy, suggesting that
postoperative RCTh may compensate for sub-optimal
surgery. This hypothesis is supported by the Dutch
D1D2 trial, which results confirm reduction of local
recurrence rate if adjuvant RCTh is given in case of D1
lymphadenectomy, but provides no benefit in case of
D2 nodal dissection™*”",
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The ARTIST trial, designed for comparing adjuvant
chemotherapy with capecitabine plus cisplatin to
RCTh, failed to demonstrate differences in DFS and OS
between the two groups. Noteworthy the subgroup
analysis evidenced a benefit in terms of disease free
survival if Radiotherapy was added in patients with
lymph node metastasis!**®.

The subsequent phase Il trial (ARTIST-1I) is still
ongoing for reconfirming these results.

The CRITICS trial investigates if perioperative
chemotherapy followed by postoperative RCTh (45
Gy in 25 fractions plus cisplatin and capecitabine)
improves clinical outcome. Patients accrual has been
started in 2006 for recruiting 788 patients.

One observational and one randomized study
suggested potential benefits from postoperative RCTh
even after optimal D2 dissection!*****, However RCTh
as adjuvant treatment after D2 dissection still remains
controversial.

Palliative setting

Radiotherapy has been shown to be effective for
palliation in case of gastric bleeding, pain and ob-
struction.

Fields et al**®! have analyzed treatment outcomes
of RCT vs chemotherapy alone in 79 patients with
locoregional recurrence of gastric cancer, showing
better overall symptom-control rate in the former
group without significant differences in toxicity rate.

Tey et al'™" have conducted a retrospective
review of 115 patients, treated with palliative intent,
showing symptoms control at one month in 46%-81%
of cases with low toxicity profile. Dose fractionation
regimen ranged from 8Gy single fraction to 40 Gy in
16 fractions. The gastric bleeding control could safely
be obtained with low radiotherapy doses without
significant side effects™. The role of a higher dose
(> 41 Gy), remains debatable in the obstruction
treatment!*?,

CONCLUSION

Gastric cancer is an aggressive disease with a high
risk of peritoneal dissemination either at early stages.
Surgical therapy of GC should be based on radical
surgery aiming to eradicate all the macroscopic
disease. As peritoneal dissemination of GC is the
main cause of long term failure of the treatment
a peritoneal fluid cytology should always be done.
Uncertainty about its results however suggests the
importance of preventing peritoneal dissemination and
subsequent carcinosis with an anticipated use of the
intraperitoneal chemotherapy. Moreover the use of
perioperative and bidirectional chemotherapy should
be considered. Advanced gastric cancer with positive
cytology at stadiative laparoscopy should be treated
in experienced centre in order to introduce the use of
“preventive intraperitoneal chemotherapy” either in
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the absence of macroscopic peritoneal dissemination
associated to perioperative chemotherapy regimen.
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