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Abstract

Gastric cancer is one of the leading causes of death for
cancer worldwide, although geographical variations in
incidence exist. Over the last decades, its incidence and
mortality have gradually decreased in Western coun-
tries, while these have increased, or remained stable,
in the other world regions. Gastric cancer is often diag-
nosed at an advanced stage, with the only notable ex-
ception of Japan, where nationwide screening programs
are enforced, due to local high incidence. Curative-
intent surgery (/.e., gastrectomy, total or partial, and
lymphadenectomy) remains the cornerstone of treat-
ment of gastric cancer. Much has been debated about
the extent of lymph node dissection and, although it is
a valuable contribution to staging and cure, operative
treatment only represents one aspect of overall effec-
tive management, as the risk of both locoregional and
distant recurrences are high, and bear a poor progno-
sis. As a matter of fact, surgery, as a single modality
treatment, has probably achieved its maximum efficacy
for local control and survival, while other accompany-
ing nonsurgical treatment modalities have to be taken
into account, although their role is still the subject of
considerable debate. The authors in this review present
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an update on the outcome of treatment of gastric can-
cer in relation to the extent of lymphadenectomy and
of various nonsurgical preoperative, intraoperative, and
postoperative strategies.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: The authors in this review present an update
on treatment of gastric cancer in relation to the role of
extent of lymphadenectomy and of new nonoperative
strategies, to employ preoperatively, intraoperatively,
and postoperatively. The above therapeutical options
are assessed by reviewing the most authoritative, large,
and referenced randomised controlled trials and meta-
analyses published in the English literature.
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INTRODUCTION

Gastric cancer is one of the most common malignan-
cies in the wotld. Over the last decades, its incidence and
mortality have gradually decreased in Western countries,
while these have increased, or remained stable, in the
other wotld regions. In countries with a higher incidence,

nationwide endoscopic screening programs lead to earlier
identification of a large number of gastric cancers, while,
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Figure 1 Location of gastric lymph node stations according to Japanese
Research Society for Gastric Cancer (JRSSC)". For description of num-
bers, see Table 1.

in Western countries, the lack of similar screening pro-
grams often causes later diagnoses.

Surgery with lymphadenectomy is the best treatment
option for resectable gastric cancer, as it provides bet-
ter results both in terms of progression-free survival
and prognosis. Long-term survival after radical surgery
strongly depends on the stage of the tumor. The resec-
tion of tumors limited to the mucosa shows a survival
rate of 90%-95%""". On the other hand, progression
of the disease through the gastric wall and/or through
regional lymph nodes shows higher recurrence rates of
the disease, with five-year survival rates lower than 30%
in Western countries'”. Over the last decades, this has led
to the development of further treatment options, such
as extension of lymphadenectomy, and the use of pre-,
intra-, and postoperative chemoradiotherapy. Indication,
timing, and effectiveness of these options, however, are
still controversial. The aim of this paper is to report on
the current views on treatment of gastric cancer, and to
possibly clarify the topics introduced above. Data from
randomized controlled trials (RCT) and meta-analysis are
reported. RCTs are considered the gold standard of all
research design, while meta-analysis provide a compre-
hensive up-to-date summary of the average effect of all
the relevant RCTs and are a reliable guidance for clinical
practice and future research.
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Table 1 Regional lymph nodes as defined by the Japanese

Research Society for Gastric Cancer (JGCA, 1998)!'

No. 1 Right paracardial LN

No. 2 Left paracardial LN

No. 3 LN along the lesser curvature

No. 4 LN along greater curve

(short gastric vessels, left and right gastroepiploic vessels)

No. 5 Suprapyloric LN

No. 6 Infrapyloric LN

No. 7 LN along the left gastric artery

No. 8 LN along the common hepatic artery

(anterosuperior and posterior group)

No. 9 LN around the celiac artery

No. 10 LN at the splenic hilum

No. 11 LN along the splenic artery (proximal and distal tract)

No. 12 LN in the hepatoduodenal ligament (along hepatic artery, bile
duct and portal vein)

No. 13 LN retropancreatic

No. 14 LN along superior mesenteric vessels (vein and artery)

No. 15 LN along the middle colic vessels

No. 16 LN paraaortic (of upper, middle and lower abdominal aorta, in
relation to the intragastric tumor site)

The classification includes also the following lymph node compartments:
No. 17 LN on the anterior surface of the pancreatic head

No. 18 LN along the inferior margin of the pancreas

No. 19 Infradiaphragmatic LN'

No. 20 LN in the esophageal hiatus of the diaphragm'

No. 110 Paraesophageal LN in the lower thorax'

No. 111 Supradiaphragmatic LN

No. 112 Posterior mediastinal LN"

'When the gastric carcinoma also invades the esophagus. LN: Lymph
nodes.

PROBLEM OF LYMPH NODE DISSECTION

Gastric carcinoma shows a high tendency to lymph node
metastasis. The risk of regional nodal involvement in-
creases with deep penetration through the gastric wall¥
and the nodal extension of the cancer takes place gradu-
ally, radiating from primary location iz the lymphatic sys-
tem"™, Nodal metastases are observed in 3%-5% of gas-
tric carcinomas which are limited to the mucosa, in
11%-25% of those which extend to the submucosa, in
50% of those which reach the muscularis (T2), and in
83% of those which extend to the serosa (T3)"". After
curative radical resection, local recurrence is represented,
in 87.5% of cases, by nodal metastases to local or region-
al lymph node stations”. The Japanese Classification of
Gastric Carcinoma (Japanese Gastric Cancer Association,
JGCA, 1998)"" has defined 16 different lymph node sta-
tions (n) which drain the stomach. These are subdivided
in three levels, according to their distance from the tumor
(Figure 1, Table 1), thus entailing three types of lymph
node dissection (D) that can be associated to total or par-
tial gastrectomy: D1, in which perigastric lymph nodes
from nl to n6 are removed (N1 level); D2, in which peri-
gastric lymph nodes are removed as well as those located
along the main arterial vessels from n7 to n12 (N2 level);
D3, in which stations n13 to n16 are removed, as well as
those mentioned before (N3 level) (Table 2). During the
‘60s, the Japanese authors first introduced D2 lymphade-
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Table 2 Nodal compartments to be removed for each type

of lymph node dissection as defined by the Japanese Research
Society for Gastric Cancer (JGCA, 1998)"'"

Tumor site LN D1 dissection LN D2 dissection LN D3 dissection
Upper stomach 1,23,4 4,7,8,9,10,11 5,6,8,12,16
Middle stomach 1,3,4,56 7,8,9,11,12  4,8,10,11,12,13,
14,16
Lower stomach 3,4,5,6 1,7,8,911,12, 4,8,12,13,16
14

LN: Lymph nodes.

nectomy' ", which they still consider as the standard pro-
cedure to associate with curative gastric resection, as it
yields the best results in terms of local recurrence and of
long term survival. In Western countries, D2 lymph node
dissection is not as common as Japan, not only due to
lower incidence of gastric cancer (and, consequently, to
the fact that surgeons have less experience with this tech-
nique), but mainly to high morbidity and mortality linked
to this type of lymph node dissection. Indeed, D2-D3
lymphadenectomy is a challenging surgical procedure,
which implies a thorough surgical training conducted un-
der the supervision of experienced gastric surgeons[m. A
significant difference between Japanese clinical outcomes
and those of other countries has been observed in short-
and long-term results and in loco-regional control, with
better results for Japanese clinical records. The systematic
lymph node dissection practiced since the ‘60s-‘70s by
Japanese surgeons may have contributed to achieve better
results'"”. The International Union Against Cancer
(UICC)"™ adopted in 1997 a new classification system for
lymph node metastases, which, unlike the Japanese sys-
tem, was not based on the anatomic location of positive
nodes"”, but on their number. It was recommended that
at least 15 lymph nodes should be removed and exam-
ined for proper staging. Secondaries affecting 1 to 6
lymph nodes were classified as pN1, from 7 to 15 as
pN2, more than 15 as pN3. It has been shown!"” that
lymph node removal was much higher with D2 resection
(more than 25 lymph nodes) than with D1 (less than 25
lymph nodes), and that survival is related to the number
of lymph nodes with metastasis' . The extent of
lymphadenectomy, therefore, has always been controver-
sial. Most Western surgeons criticize D2 dissection be-
cause some benefits have only been confirmed in retro-
spective observations”™. RCTs, mainly conducted by
Western authors, since the ‘80s compare short-term and
long-term results in D1 and D2 resections. Dent per-
formed a RCT on 43 cases”", and the group who re-
ceived D2 resection (21 patients), showed worse results
compared to the D1 lymphadenectomy group (22 pa-
tients) in terms of duration of surgery, blood transfusion
requirement, postoperative morbidity, and duration of
hospital stay. Four patients in D2 group required reopera-
tion; in both groups there were no postoperative deaths.
There was no difference in the probability of survival at
a median follow-up of 3 years. In the mid-"90s, the Dutch
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Gastric Cancer Trial®™ and the Medical Research Council
(MRC) Gastric Cancer Surgical Trial (STO1)*" published
the morbidity and mortality results of two multicentric
RCTs. The studies, conducted, respectively, on 711 and
400 patients receiving curative D1 or D2 resection for
advanced gastric carcinoma, showed a higher incidence
of postoperative complications and mortality and longer
duration of hospitalization in patients treated with more
extended lymph node dissection. Both studies also
showed that the higher number of postoperative compli-
cations and mortality observed in the D2 group were not
linked to the extent of the lymphadenectomy as such,
rather to associated pancreatectomy and/or splenectomy.
The protocol of D2 lymph node dissection, in case of
total gastrectomy, included these resections ¥ in order
to remove all lymph nodes in stations 10 and 11 (Table 1).
In the late 90s™*" the same authors reported the long-
term sutrvival data. Both trials showed that, 5 years after
surgery, the survival rate, risk of relapse, risk of death for
cancer and duration of disease free survival were not sig-
nificantly different in D1 and D2 groups. However, in the
MRC STOT1 trial®] a better long-term survival was ob-
served in patients receiving D2 gastrectomy without pan-
createctomy and/or splenectomy. On the basis of these
data, the British National Health Service Cancer Guid-
ance in 2001 discouraged the use of D2 resection in rou-
tine clinical practice””. On the other hand, lymphadenec-
tomies even more extended than D2 have been
performed since the ‘80s in several specialized Japanese
centers, on the grounds that lymph node para-aortic me-
tastases (N3) were frequently observed (20%-30% of
cases)™\. Some Japanese authors (JCOG 9501)™ pub-
lished in 2004 a multicentric RCT on 523 patients receiv-
ing surgical treatment for gastric cancer, comparing
short-term results in D2 standard and in D2 extended to
para-aortic lymph nodes. In the extended para-aortic
lymphadenectomy group, duration of surgery and intra-
operative blood loss were significantly higher (P =
0.0001), while mortality and reoperation rates were not
statistically different compared to standard D2 group.
However, morbidity in the more extended surgery group
was slightly higher than in the standard group (P = 0.067).
Uni- and multivariate analysis later conducted by the
same authors”", showed that key factors for complica-
tions were: age > 56 (P = 0.020), associated pancreatec-
tomy (P = 0.004), duration of surgery > 297 min (P =
0.045) and a body mass index (BMI) = 25 (P = 0.002).
The long-term results of the same trial™ were published
in 2008, showing no significant differences between stan-
dard and extended para-aortic lymphadenectomy in terms
both of 5-year overall survival (69.2% »s 70.3%) and of
5-year disease-free survival (62.6% »s 61.7%). Interesting-
ly, extended D2 resection only showed better results in
terms of 5-year survival in patients without lymph node
metastasis (HR for death 0.39; P = 0.009), while it result-
ed pointless in those with lymph node metastases (HR
for death 1.39; P = 0.04). Based on these data, standard
D2 resection was judged as adequate by the authors for
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patients with potentially curable advanced gastric carci-
noma. Short-"" and long-term™ results of a comparative
RCT between D1 and D3 (the D3 definition reported
in®™ did not include para-aortic lymph nodes), conducted
on 221 patients who received curative surgery in a single-
institution (Taipei Veterans General Hospital, Taiwan)
were reported in 2004 and 2006. No cases of operative
mortality were observed in the two groups. Duration of
surgery, blood loss, blood transfusion required, volume
of abdominal drainage, duration of postoperative stay (P
= 0.001), and number of surgical complications (P <
0.001) resulted higher in D3 group. The incidence of
complications was higher (P = 0.017) in patients receiv-
ing resection with distal pancreatectomy and splenectomy.
Overall 5-year survival was higher in D3 group (59.5% vs
53.6%, P = 0.041), while 5-year recurrences after RO
(radical resection) showed no difference (50.6% in D1
group and 40.3% in D3 group, P = 0.197). The authors
concluded that D3 dissection improves survival rates, and
suggested that it should be performed in specialized cen-
ters in order to limit the chance of postoperative compli-
cations. A RCT conducted by the East Asia Surgical On-
cology Group in 2008 compared data of 135 patients
treated with D2 gastrectomy with those of 134 patients
receiving D4 gastrectomy (in D4 dissection inter-, pre-,
and latero-aortic lymph nodes of abdominal aorta as far
as bifurcation are removed). No significant advantages
were observed in terms of 5-year survival in patients who
received extended lymphadenectomy (P = 0.80). Twelve
patients of D4 group with metastases to para-aortic
lymph-nodes had a median survival of 2.8 years, and a
5-year survival rate of 25%. The authors maintained that
D4 dissection is not the best treatment option for pa-
tients with gastric carcinoma, whereas D2 dissection is
recommended if performed by experienced surgeons.
The Dutch Gastric Cancer Group Trial™, published in
2004, updated data on survival of 711 patients previously
enrolled in published RCTs**!. At a median follow-up
of 11 years, survival rates were 30% in D1 group and
35% in D2 group (P = 0.53), the risk of recurrence was
70% and 65%, respectively (P = 0.43). The authors con-
cluded that D2 lymph node dissection can be recom-
mended only if operative morbidity and mortality can be
reduced. A further update of these data was published in
2010, with a median follow-up of 15.2 years. The over-
all 15-year survival was 21% after D1 resection and 29%
after D2 resection (P = 0.34). Gastric cancer-related mor-
tality rates resulted significantly higher in D1 than in D2
(41% vs 37%; P = 0.01). The incidence of local recur-
rence (D1 = 22% »s D2 = 12%) and distant recurrence
(D1 = 19% vs D2 = 13%) were different, albeit not sig-
nificantly. Patients who received splenectomy and pancre-
atectomy had significantly lower overall survival rates in
both D2 and D1 groups. On the other hand, patients
who received D2 resection without pancreatico-splenec-
tomy had a significantly higher overall 15-year survival
compared to patients receiving D1 resection (35% s
22%, P = 0.0006). The authors concluded that D2 resec-
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tion should be considered the standard procedure to treat
resectable gastric carcinoma. The Italian Gastric Cancer
Study Group™ in 2010 published a multicentric RCT on
267 patients, comparing the short-term results of D1 and
D2 gastrectomy for curable gastric cancer. Pancreatico-
splenectomy was not considered as a routine part of the
D2 gastrectomy and spleen and pancreas were removed
only when indicated by the surgeon. The study did not
show significant differences in terms of operative mortal-
ity, morbidity and duration of postoperative hospital stay.
The authors concluded that D2 gastrectomy is a safe op-
tion to treat gastric carcinoma of Western patients as
well, if it is performed in specialized centers. Three meta-
analyses of RCTs evaluating D1 »s D2 »¢ D3 lymphade-
nectomy for operable gastric carcinoma were conducted
in 2009"”. 201" and 2012"". These three studies ex-
amined 14, 6 and 5 RCTs, totaling 3432, 1876 and 1642
patients, respectively. The 2009 meta-analysis””, conduct-
ed on Western and Asiatic trials, compared D1 and D2
dissections and D2 and D3 dissections. In the first com-
parison, duration of surgery, operative mortality and
postoperative complications resulted significantly lower
in D1 dissection than in D2 (P = 0.00001, P < 0.001, P <
0.001), while 3- and 5-year survival rates did not show
significant differences. No substantial differences were
found between D2 and D3 dissections in relation to op-
erative mortality, postoperative morbidity, operative time,
and hospital stay. The meta-analysis of 2011 also
showed better results for D1 dissections, with shorter du-
ration of postoperative hospitalization (P = 0.00306), low-
er incidence of mortality (P = 0.0054), complications (P
= 0.0002), anastomotic dehiscence (P = 0.0001), and re-
operations (P = 0.006). However, no differences were
observed in 5-year survival (P = 0.76). The meta-analysis
of 2012"" confirmed a higher incidence of mortality and
reoperations after D2 resection compared to D1 (P =
0.02 and P < 0.0001 respectively). The hospital mortality
was significantly higher for D2 resections performed be-
fore 1995 (P = 0.0003), while after that date hospital
mortality was no longer different between groups (P =
0.70). A further analysis showed that the difference in
hospital mortality was related to associated distal pancre-
as and/or spleen removal. Patients in D2 group with
spleen preservation had significantly lower hospital mor-
tality than those who had their spleen resected (P <
0.0001). Overall 5-year survival was not significantly dif-
ferent in the two types of lymph node dissection (P =
0.58). Main data regarding the extent of nodal dissection
are shown in Table 3.

In conclusion, in Western countries the prognostic
value of D2 lymphadenectomy is still controversial, while
in Eastern countries it is considered a standard procedure,
likely to be further extended. Japanese authors do not
even conduct RCT comparing D1 and D2 lymphadenec-
tomies, on the grounds that they consider D1 dissection
unethical. Data indicate that D2 dissection is an adequate
and potentially beneficial staging and treatment approach
if operative mortality is avoided. Dissections extended
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Ref. Study design No. of patients

Post-operative

Post-operative Survival (P value) Recurrence (P value)

mortality (P value) morbidity (P value)

RCT D1 vs D2
RCTD1wvs D2  D1:380; D2: 331

Dent et al®", 1988
Bonenkamp et al® 1995

Dutch D1D2 trial

Cuschieri et al™, 1996 RCTD1wsD2  D1: 200; D2: 200
MRC ST01

Bonenkamp et al™,1999 ~ RCTD1wvsD2  D1:380; D2: 331
Dutch D1D2 trial

Cuschieri et al®, 1999 RCTD1wsD2  D1:200; D2: 200
MRC ST01

Sano et al®, 2004 RCTD2wvsD3  D2: 263; D3: 260
JCOG Study 9501

Sasako et al"”, 2008 RCTD2wsD3  D2: 263; D3: 260
JCOG Study 9501

Wu et al™, 2004
Wu et al®, 2006
Hartgrink et al®, 2004

RCTDl1wsD3  D1:110; D3: 111
RCTD1wsD2  D1:380; D2: 331

D1:22; D2: 21 None
D1 < D2 (0.004)

D1 < D2 (0.04)

D2 vs D3 (NS)

RCTDl1wsD3  D1:110; D3: 111 None

D1 < D2 (nv) At 3 yr (NS) -
D1 < D2 (0.001) - -

D1 < D2 (0.001) - -
- At5yr D1vs D2 (NS) At5 yr D1 vs D2 (NS)
- At5yrD1vs D2 (NS) At5 yr D1 vs D2 (NS)

D2 < D3 (NS) - -
- At5yrD2wvs D3 (NS) At5 yr D2 vs D3 (NS)

D1 < D3 (0.012) = =

At5yrD1<D3 (0.041) At5yr D1 ovs D2 (NS)
- At11yr D1vs D2 (NS) At11 yr D1 vs D2 (NS)

Dutch D1D2 trial

Songun et al™, 2010 RCTD1vsD2  D1: 380; D2: 331 - At 15 yr D1 vs D2 (NS) At15 yr D1 > D2 (0.005)

Dutch D1D2 trial

Degiuli et al®™, 2010 RCTDlwvsD2 D1:133;D2:134 D1 vs D2 (NS) D1 vs D2 (NS) = =

IGCSG

Yang et al®, 2009 Meta-analysis ~ D1:907; D2:875 D1<D2(0.001)  D1<D2(0.0001) At3and 5 yr D1 wvs D2 =
D1 vs D2 (NS)

Meta-analysis ~ D2:599; D3:588 D2 vs D3 (NS) D2 vs D3 (NS) - -

D2 vs D3

Memon et al'*”, 2011 Meta-analysis ~ D1:946; D2:930 D1 <D2(0.005)  D1<D2(0.0002) At5 yr D1 vs D2 (NS) =
D1 vs D2

Seevaratnam et al*', 2012 Meta-analysis ~ D1:845,D2797 D1<D2(0.002)  D1<D2(0.0001) At5yr D1 ws D2 (NS) =
D1 vs D2

RCT: Randomized controlled trial; NS: Not significant; nv: Not valued.

to para-aortic lymph nodes does not show significant
advantages in terms of survival. Splenectomy and distal
pancreatectomy increase operative morbidity and mortal-
ity. D2 dissection is considered a difficult procedure, and
should be performed by experienced surgeons in special-
ized centers. Authors suggest that a surgeon should per-
form at least 200 gastrectomies under the supervision of
an experienced surgeon before he can perform D2 lymph
node dissections with acceptable morbidity and mortality
rates”. In Western countties, due to the lower incidence
of gastric carcinoma, a surgeon is very unlikely to achieve
such an experience.

PERIOPERATIVE THERAPIES

In Western countries, the 5-year survival rates for ad-
vanced gastric carcinoma treated with potentially curative
surgery range between 25% and 30%'"". Recurrences
occur in the abdomen in 40%-60% of the cases, both as
the only site and as part of a systemic diffusion of dis-

se”*! The most frequent abdominal sites of recur-
rence are the area previously occupied by the tumor, the
anastomosis and the non-resected regional lymph nodes.
These data show that surgery, as a single modality treat-
ment, cannot detect and remove the satellite microme-
tastases around the primary tumor, nor the tumor cells
disseminated during the operative maneuvers. Pre-, intra-
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and post-operative treatments have been developed in the
last decades, in order to improve loco-regional control of
disease and long term survival.

Adjuvant treatments

Adjuvant chemoradiotherapy: Adjuvant treatments for
gastric carcinoma have been employed since the 705"
on the assumption that if surgery alone could not cure
the disease, as shown by the high incidence of local and
distant recurrences, adjuvant treatments could improve
the outcomes by acting on the remaining tumor. Theo-
retically, adjuvant treatments should eradicate cancer cells
already metastasized prior to surgery or accidentally dis-
seminated during surgery. Therefore, the level of surgical
radicality or the residual tumor after surgery can affect
the results of adjuvant therapies. Furthermore, these
treatments do not show significant benefits compared to
surgery alone for early stage tumors (T1, NO)", in which
surgery is likely to achieve the cure!”. The results of one
of the first RCTs on this issue were published in 19841,
The study was conducted on 62 patients receiving resec-
tive surgery for poor-prognosis cardia and gastric adeno-
carcinoma. The studied population was randomized to
either surgery alone (23 patients) or to surgery with adju-
vant treatment [intravenous () 5-fluorouracil plus radio-
therapy for 4-5 wk: 39 patients]. The 5 year survival rate
was 23% in the experimental group, while it only reached
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4% in controls (P < 0.052). Patients of the experimental
group had a significantly longer postoperative discase-
free period (P = 0.02) and lived longer than controls (P
= 0.012). A lower incidence of loco-regional recurrence
in experimental group was observed (39% »s 54%), but
it did not reach statistical significance. The British Stom-
ach Cancer Group published preliminary and final data
of a RCT, in 1989" and in 1994 respectively, which
included 436 patients resected for gastric carcinoma,
randomized to cither receive surgery alone (145 patients),
surgery with radiotherapy (4500-5000 Gy in 25 fractions,
153 patients), or surgery followed by chemotherapy (iv
5-fluorouracil, adriamicin, mitomycin C given intrave-
nously, for eight cycles: 138 patients). The tumors were
at stage II-IV, in stage IV were included also local non-
radical resections. The median time to randomization was
13 d, with a range of 1-81 d. The chemotherapy protocol
was completed by 42% of patients of that group, while
the radiotherapy protocol was completed by 102 of the
117 patients (87.2%) who had been randomized for ad-
juvant radiotherapy. The protocols were not completed
for the following reasons: worsening postoperative health
status, withdrawal of consent, gastrointestinal, hemato-
logical and biochemical alterations due to the adjuvant
treatments. The median overall survival was 15 mo, sig-
nificantly influenced by the stage of primary lesion (P <
0.0001). The overall survival did not differ significantly in
the three randomized groups (P = 0.07), and the 5-year-
survival of the two experimental groups was not signifi-
cantly different from that of the control group. Clinical
recurrence in the area of the stomach or in regional
lymph nodes was significantly lower (P < 0.01) in the two
experimental groups. The milestone of adjuvant chemo-
radiotherapy treatment, however, is the multicentric RCT
of Intergroup 0116 (SWOG 9008)"*, whose data were
published in 2001. This study examined 556 patients
who received curative surgery [only RO resections were
considered, while macroscopic (R2) and microscopic
(R1) residual disease in relation to surgical treatment
or to resulting pathology report of the removed speci-
men were excluded] for gastric carcinoma at stage IB-
IVMO0™. AD2 lymphadenectomy was recommended, but
it was performed in 10% of the cases, 36 % had a D1
dissection, and 54% had a DO lymphadenectomy (not all
perigastric lymph nodes were removed). After gastrec-
tomy 281 patients were randomized for experimental
adjuvant treatment with chemotherapy (7z 5-fluorouracil
and leucovorin) and loco-regional radiotherapy (area of
the stomach bed and regional lymph nodes, 4500 cGy),
while the other 275 patients received surgery alone. Of
the 281 patients assigned to the experimental group,
64% completed the protocol treatment, while 17% did
not, because of hematological and gastrointestinal side
effects. Other reasons for suspending treatment were
disease progression and withdrawal of consent. Before
and after radiotherapy deviations from protocol were ob-
served in 40% of cases. After a median follow-up period
of 5 years, the median survival period in the experimental
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group was 36 mo, compared to 27 mo in controls. The
3-year survival rate was higher in the experimental group
(50% s 41%). The HR for death in controls, compared
to the experimental group, was 1.35 (P = 0.005); the HR
for recurrence was also higher in the control group than
in the experimental group: 1.52 (P < 0.001). The median
duration of recurrence-free survival was 30 mo in the
experimental group and 19 mo in controls. The 3-year
recurrence-free survival rate was 48% in the experimental
group and 31% in controls. Recurrence was observed in
64% of patients in the control group and in 43% of pa-
tients in the experimental group. The incidence of both
local and regional recurrence was lower in the experimen-
tal group (19% vs 29% and 65% vs 72%, respectively).
The study showed that postoperative loco-regional
radiotherapy and systemic chemotherapy significantly
improved both overall and recurrence-free survival. In
relation to these results, adjuvant chemoradiotherapy
for gastric carcinoma has become common, although
the Intergroup 0116 trial was criticized as the adjuvant
treatment was considered a form of “compensation” for
the type of employed lymphadenectomy. This criticism
seems justified, considering the results of a retrospective
study published in 2010"" which examined survival and
recurrence data of 91 patients receiving macroscopic rad-
ical gastrectomy with at least D1 lymphadenectomy (peri-
gastric lymph nodes), for gastric carcinoma at stage [ b-
IV (AJCO)P followed by radiotherapy (on gastric area,
anastomosis, and regional lymph nodes) combined with
different chemotherapy schedules (fluorouracil and leu-
covorin, capecitabine alone or capecitabine and cisplatin).
The control group included 694 patients from the Dutch
Gastric Cancer Group Trial”” who were randomized
between D1 (369 patients) and D2 lymphadenectomy
(325 patients). The characteristics of the studied popula-
tion differed significantly in sex, age, parietal extension
of the tumor, lymph node involvement, histological type
of tumor, radicality of surgery, and extension of lymph-
adenectomy. At the time of analysis, the median follow-
up for the experimental group was 19 mo, while that of
controls was 51 mo. Over a 24-mo period, local recur-
rence was significantly lower in the experimental group
(HR = 3.23; P = 0.0015). This was especially due to the
high incidence of local recurrence after D1 resections in
controls, compared to D1 resections of the experimental
group (HR = 11.1; P = 0.001). The D2 resections in the
experimental group and in the controls showed no signif-
icant differences in terms of local recurrence. Survival at
24-mo was not significantly different in the experimental
group and in the controls, both overall and in D1 and D2
resections. The outcomes were significantly better in the
experimental group than in controls in relation to over-
all survival at 24 mo after R1 resection (HR = 2.91; P =
0.002) and to local recurrence after R1 (HR = 5.36; P =
0.02) and after RO (HR = 2.53; P = 0.03).

The results of an observational study on the efficacy
of adjuvant chemoradiotherapy after D2 gastrectomy
for operable gastric carcinoma were published in 2005P".
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The experimental group included 544 patients radically
resected (RO), receiving the same adjuvant treatment per-
formed in Intergroup 0116 trial (SWOG-9008)"*. The
controls comprised 446 patients who received the same
surgery as the experimental group. In the experimental
group there was a higher incidence of undifferentiated
carcinomas (P = 0.0021), and of stage A (P = 0.005)
and stage IV (P = 0.0011) (AJCCO)™ carcinomas than
in controls. The treatment protocol was completed in
75.2% of the experimental cases. Forty three percent of
patients in the experimental group and 49.8% in the con-
trol group had died at a median follow-up of 66 mo. The
median duration of overall survival in the experimental
group was significantly longer than in controls (95.3 mo
v5 62.6 mo), with a HR for death of 0.80 (P = 0.02) in the
experimental group, which entails a 20% reduction of the
death risk. Five-year survival was significantly higher in
the experimental group than in controls (57.1% »s 51%;
P =0.01). The survival benefit of adjuvant treatment was
observed for all stages of gastric carcinoma and the aver-
age duration of recurrence-free survival was higher in the
experimental group (75.6 mo »s 52.7 mo; HR for recur-
rence 0.80; P = 0.016). The probability of recurrence-free
survival at 5 years was 54.5% in the experimental group
and 47.9% in controls (P = 0.01). The HR for recurrence
was better in the experimental group for all stages of
gastric carcinoma, and in both groups distant recurrences
prevailed (37.7%). The incidence of loco-regional recur-
rence within the radiation field was lower in the experi-
mental group than in the surgery-alone group (14.9% »s
21.7%; P = 0.005). The Intergroup 0116 (SWOG 9008)
in 2009"” and in 20127 published the updated results
of the earlier 2001 RCT™ at a median follow-up of
more than 10 years. The HR for overall survival and the
HR for relapse-free survival were still better in the ex-
perimental group (HR = 1.32, P = 0.004; HR = 1.51, P
= 0.001 respectively) than in controls. Recurrence rates
were significantly lower (P < 0.001) in the experimental
group. Furthermore, diffuse histotype tumors, which are
more frequent in women, had lower response to adju-
vant treatment. A meta-analysis published in 2007 was
aimed to determine if there was any benefit of employ-
ing adjuvant chemoradioterapy, compared to surgery
alone. The five RCTs analyzed included 868 patients, 444
in the experimental group and 424 in the controls. The
adjuvant treatment protocol was not completed in 26.7%
of patients due to hematological and gastrointestinal
toxicity. The experimental group showed a 5-year OR for
mortality significantly lower than the control group (0.45;
P = 0.00001). The authors comment that the benefits
of adjuvant chemoradiotherapy treatment may outweigh
the risks in patients with a high probability of local and
distant recurrence, while the risks outweigh the benefits
in patients with low probability of local and distant fail-
ure. The results of a multicentric trial of the Adjuvant
Chemoradiation Therapy in Stomach Cancer (ARTIST) .
were published in 2011. The study included 458 patients
who received curative D2 gastrectomy for cancer and
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randomized to receive two types of adjuvant treatment
after surgery. One group (226 patients) was assigned to
receive chemotherapy (capecitabine and cisplatin for 6
cycles), while the other group (230 patients), was assigned
to receive chemoradiotherapy (capecitabine and cisplatin
for 2 cycles, then radiotherapy with capecitabine for 5
wk and capecitabine and cisplatin for 2 cycles). The ad-
juvant protocol was completed by 75.4% of patients in
the chemotherapy group and by 81.7% of patients in the
chemoradiotherapy group. Gastrointestinal and hemato-
logical toxicity of grade 3-4 was observed in both groups
with similar rates, while neutropenia was more frequent
in the chemioradiotherapy group (43.6% »s 35%). After
a median follow-up of 53.2 mo, these authors observed
72 cases of recurrence in the chemotherapy group and
55 cases in the chemoradiotherapy group (P = NS). No
significant statistical differences were observed in loco-
regional and distant recurrence rates within the two
populations. The 3-year disease-free survival rates were
78.2% in the chemoradiotherapy group and 74.2 in the
chemotherapy group (P = 0.0806).

In relation to patients with lymph node metastases,
disease-free survival was longer in the chemoradiotherapy
than in the chemotherapy group (77.5% vs 72.3%, P =
0.035). At multivariate analysis, the duration of stage-
adjusted disease-free survival was positively influenced by
chemoradiotherapy in cases with lymph node metastasis
(HR = 0.68, 95%CI: 0.47-0.99; P = 0.04). Main data re-
garding adjuvant chemoradiotherapy for gastric cancer
are shown in Table 4.

Adjuvant chemotherapy: The clinical trials of adjuvant
chemotherapy for gastric carcinoma have a long history,
therefore many drug regimens have been studied, but few
report evidenced survival benefit™. One of the main
large-scale RCTs (more than 500 patients), in which adju-
vant chemotherapy was tested in patients receiving cura-
tive surgery for gastric cancer (stage II, A, MB"") was
examined, was published in 2007 by ACTS-GS group®™.
In this multicentric study 529 patients were randomized
to receive adjuvant chemotherapy (S-1, an oral fluoro-
pyrimidine, 6-wk cycles for one year), while 530 patients
were treated by surgery alone. Patients of both groups
were followed up for 5 years after surgery. The first in-
terim analysis, conducted one year after enrollment of
the last patient, at a median follow-up of 3 years, showed
that the chances of overall and relapse-free survival of
the experimental group might be significantly higher than
those of controls and close to the predetermined thresh-
old value (P < 0.001). Therefore the trial was closed.
Adverse events of grade 3-4 were observed in both
groups, although with higher rates in the experimental
group. Sixty five percent of patients of the experimental
group completed the treatment, but for 46.5% of them
the chemotherapy dosage was reduced. Reasons for the
interrupting adjuvant treatment included withdrawal of
consent, complications, disease progression. The HR
for death and for recurrence in the experimental group
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Table 4 Main data regarding adjuvant chemoradiotherapy for gastric cancer

Ref. Study design No. of patients Survival (P value) Disease free survival Recurrence Loco-regional
(P value) (P value) recurrence (P value)
Moertel et al'**, 1984 RCT surgery alone (S) vs S: 39 At5yr At5yr - S vs SCRT
surgery + chemoradiotherapy ~ SCRT: 23 S <SCRT S <SCRT (NS)
(SCRT) (0.05) (0.02)
Allum et al®, 1989 BSCG ~ RCT surgery alone (S) vs S: 145 At5yr = = S vs SCRT (NS)
surgery + chemoradiotherapy =~ SCRT: 153 S vs SCRT S vs SCT (NS)
(SCRT) vs surgery + SCT: 138 vs CT (NS)
chemotherapy (SCT)
Hallissey et al*®, 1994 RCT surgery alone (S) vs S: 145 At5yr - - -
BSCG surgery + chemoradiotherapy =~ SCRT: 153 S vs SCRT
(SCRT) vs surgery + SCT: 138 vs CT (NS)
chemotherapy (SCT)
Macdonald et al*?, 2001 RCT surgery alone (S) vs S: 275 At3yr At3yr At3yr At3yr
INT-0116 surgery + chemoradiotherapy =~ SCRT: 281 S <SCRT S <SCRT S >SCRT S > SCRT
(SCRT) (0.005) (0.001) (0.001) (0.0001)
Dikken et al*”, 2010 Retrospective surgery S: 694 At 24 mo S vs SCRT At 24 mo - At 24 mo
alone (S) vs surgery + SCRT: 91 (NS) S vs SCRT (NS) S > SCRT (0.0015)
chemoradiotherapy (SCRT)
Kim et al®™, 2005 Observational surgery S: 446 At5yr At5yr - At5yr
alone (S) vs surgery + SCRT: 544 S <SCRT S <SCRT S >SCRT
chemoradiotherapy (SCRT) (0.01) (0.01) (0.005)
Smalley et al®™, 2012 RCT surgery alone (S) vs S: 227 At 10 yr At 10 yr At10yr Ar10yr
INT-0116 surgery + chemoradiotherapy ~ SCRT: 282 S <SCRT S <SCRT S>SCRT S >SCRT
(SCRT) (0.0046) (0.001) (0.006) (0.0001)
Fiorica et al®™, 2007 Meta-analysis surgery S: 424 At5yr - - -
alone (S) vs surgery + SCRT: 444 S <SCRt
chemoradiotherapy (SCRT) (0.00001)
Lee et al®, 2011 RCT surgery + SCRT: 230 - At3yr SCRTwsSC ~ SCRT vs SC (NS)
chemoradiotherapy (SCRT) vs SC: 228 SCRT vs SC (NS) (NS)

surgery + chemotherapy (SC)

RCT: Randomized controlled trial; NS: Not significant.

compared to those of controls were 0.68 (P = 0.003) and
0.62 (P = 0.001), respectively. The 3-year overall survival
rates were 80.1% in the experimental group and 70.1% in
controls (P = 0.003). The 3-year recurrence-free survival
rates were 72.2% in the chemotherapy group and 59.6%
in the surgery-alone group (P < 0.001). The rates of
nodal and peritoneal recurrence were higher in the con-
trol group (P = 0.006). The 5-year update of this trial™”
confirmed the benefits of adjuvant chemotherapy com-
pared to surgery alone in terms of 5-year survival (71.7%
s 61.1%), HR for death (HR = 0.66, 33.1% reduction of
death risk in the experimental group), 5-year recurrence-
free survival rate (65.4% »s 53.1%), HR for recurrence
(HR = 0.65, 34.7% reduction of recurrence risk in the
experimental group). The percentages of five-year ovet-
all and recurrence-free survival were analyzed accord-
ing to the tumor stage (II, I A, MB),and proved to be
better in the experimental group than in controls (HR
between 0.50 and 0.79). An Asiatic multicentric RCT,
whose results were published in 20121, examined the
effects of adjuvant chemotherapy on disease-free sut-
vival (oral capecitabine and /v oxaliplatin, for 8 cycles in
6 mo) compared to surgery alone. Of the 1035 patients
of the study, all receiving radical surgery and D2 lymph
node dissection for gastric cancer at stage 11-MB"", 515
were randomized to receive surgery alone, 520 to receive
adjuvant chemotherapy. Sixty seven percent of patients
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in the experimental group completed treatment. Adverse
events of grade 3-4 were nine times more common in
the experimental group and required reduction of dos-
age, delay in administration, ot interruption of chemo-
therapy. Also this trial showed the benefits of adjuvant
chemotherapy compared to surgery alone in terms of
3-year disease-free (74% vs 59%, HR = 0.56; P < 0.0001),
overall survival (83% »s 78%, HR = 0.72; P = 0.049),
recurrence or new occurrences of gastric cancer (18% us
30%), loco-regional recurrence (21% vs 44%). The bene-
fits of adjuvant chemotherapy on 3-year disease-free sut-
vival were clear even when analyzed according to stage
of the tumort, but not for patients without lymph node
metastases. The results of two meta-analyses assessing if
patients with gastric cancer could benefit from chemo-
therapy after curative resection were published in 2009
and in 2010"Y. These researches considered 12 RCTs,
with a total of 3809 patients'”, and 17 RCTs, with a total
of 3838 patients™] respectively. Over 60% of the pa-
tients in the experimental group completed the treatment
protocol™. The overall survival rates at 5 and 10 years
were higher in the adjuvant chemotherapy groups than in
controls, even if the differences were not significant in all
the RCTs. In the two meta-analyses the HR for death was
significantly better (between 0.78 and 0.82) (P < 0.001),
with a reduction of the death risk ranging from 18% to
22% in the experimental group. Estimated median over-
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all survival was 4.9 years in the surgery-alone group and
7.8 years in the adjuvant chemotherapy group. The rates
of absolute benefits in the experimental group were 5.8%
(55.3% vs 49.6%) at 5 years, and 7.4% (44.9% vs 37.5%)
at 10 years,compared to the surgery-alone groupm. Adju-
vant chemotherapy better influenced disease-free survival
than surgery alone, with a HR of 0.82 (P < 0.001). The
rate of absolute benefit for five-year disease-free survival
after adjuvant chemotherapy was 5.3 (54.0% vs 48.7%)
compared to surgery alone™”. With regard to the vatious
chemotherapy regimens (mono chemotherapy and poly-
chemotherapy) used in the RCTs examined in the two
meta-analyses, 5-fluorouracil was used in all the studies,
and anthracycline and mitomycin C were used along with
it in vatious trials. Adjuvant monochemotherapy showed
a significant benefit in 5-year survival compared to sut-
gery alone (71.4% vs 53.9%, HR = 0.6; P = 0.03), with
better results compared to adjuvant polychemotherapy'”.
The data of these two meta-analyses confirm those of
another meta-analysis dated 2008 in terms of survival
rate and disease-free survival®. In addition, the latter
study proved a positive influence of adjuvant therapy in
relation to loco-regional and distant recurrence rate (RR
=0.78).

The main disadvantage of adjuvant treatments, both
chemotherapy and chemoradiotherapy, is that these
cannot be performed before post-surgery healing is
complete and the general conditions of the patients are
satisfactory. Therefore, postoperative complications or
slow recovery after surgery can delay the beginning of
the treatment. Due to the anatomic conditions created
by sutgery, radiotherapy can affect other organs and pos-
sibly cause irradiation damage. Chemotherapy can often
cause negative effects or toxicity in the gastrointestinal
system of patients whose new anatomical gastrointestinal
conditions created by surgery often cause functional al-
terations. Main data regarding adjuvant chemotherapy for
gastric cancer are shown in Table 5.

Neoadjuvant treatments

The aim of neoadjuvant treatments is to reduce the
biological potential of tumor cells, to increase surgical
radicality, and to eradicate subclinical micrometastases.
The advantages of neoadjuvant treatments lie in the fact
that patients who receive these are in good health condi-
tion, the treatment can start immediately after diagnosis
and clinical staging are conducted. If radiotherapy is per-
formed, the treatment is aimed at the target organ that,
anyway, will be resected, while if chemotherapy is per-
formed, the possible gastrointestinal side effects are not
worsened by the anatomical and functional alterations
that may occur after surgery. Also, the downsizing of the
neoplasm after neoadjuvant treatment can facilitate sur-
gery. For these reasons, the neoadjuvant treatment seems
attractive and can be administered to more patients than
adjuvant treatment. The disadvantage of neoadjuvant
treatment is that it delays surgery, with the possibility that
the tumor will extend beyond the stage of resectability or
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that the health conditions after the neoadjuvant treatment
will not allow for surgeryms‘. For these reasons, the stud-
ies which have been examined report a limited number
of patients because of difficulty of enrollment or eatly
closure of the trials, with consequences on the quality of
the studies.

Neoadjuvant chemotherapy: The Dutch Gastric Can-
cer Group in 2004 published the long-term results of
the RCT FAMTX™ which examined the effect of pre-
operative chemotherapy (methotrexate, 5-fluorouracil,
leucovorin and doxorubicin every four weeks for 4
cycles) in patients with gastric carcinoma, in terms of re-
sectability and survival. After randomization, the analysis
was conducted on 27 patients in the experimental group
(neoadjuvant chemotherapy followed by surgery) and on
29 controls (surgery alone). The interval between ran-
domization and surgery in the experimental group was
significantly longer than in controls (P < 0.001). Forty
four percent of patients in the experimental group inter-
rupted chemotherapy because of toxicity. Lymphadenec-
tomy was limited to perigastric lymph nodes (D1) in both
groups. The rate of curative resections (RO) was similar in
both groups. The median postoperative follow-up for the
two groups was 83 mo. The median survival after ran-
domization was 18.2 mo in the experimental group and
30.3 mo in controls. The 5-year survival rate was 21% in
the experimental group and 34% in controls (P = 0.17).
The last data confirmed a trend to adverse effects due
to preoperative chemotherapy, although not significant.
The survival rates of patients receiving curative surgery
(RO) were 32% in the experimental group and 53% in
controls. The trial was closed after the enrollment of 59
patients and after an interim analysis showed inadequate
rates of curative resections in the experimental group.
The results of a RCT of the European Organization
for Research and Treatment of Cancer were published
in 2010, This study compared neoadjuvant chemo-
therapy and surgery alone in patients with gastric and
cardia adenocarcinoma, at clinical stage UICC III and IV,
cMO. Patients were randomized in experimental group
(72 patients) treated with neoadjuvant chemotherapy (v
cisplatin, folinic acid, fluorouracil, 2 cycles of 48 d), and
controls (72 patients), only receiving surgery. Sixty two
percent of patients in the experimental group completed
neoadjuvant treatment. Reasons for interruption of treat-
ment were: toxicity, withdrawal of consent and progres-
sion of the disease. Surgical resection was performed
within 14 d from randomization in controls (68 patients),
and within four weeks from last day of chemotherapy
in the experimental group (70 patients). D2 gastrectomy
was performed in the majority of patients. In the experi-
mental group, the tumor had smaller dimensions than in
controls, and in both groups a complete resection was
possible in 87.5% of cases. Postoperative morbidity was
more frequent in the experimental group (P = 0.09),
operative mortality was observed in one patient of the
controls and in two patients of the experimental group.
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Table 5 Main data regarding adjuvant chemotherapy for gastric cancer

Ref. Study design n Survival Disease free Recurrence Loco-regional
(P value, HR, RR) Survival (P value) Recurrence (P value)
(P value, HR, RR)
Sakuramoto et al®”, 2007 RCT S: 530 At3yr At3yr At3yr At3yr
Surgery alone (S) vs surgery + SC: 529 S < SC (0.003) S <SC (0.001) S>SC (0.001) S >SC (0.006)
chemoterapy (SC)
Sasako et al'™, 2011 RCT S: 530 At5yr At5yr At5yr At5yr
Surgery alone (S) vs surgery + SC: 529 SC benefit vs S SC benefit vs S S>SC (0.008) S > SC (0.005)
chemoterapy (SC) HR = 0.66 HR = 0.65
Bang et al'"!, 2012 RCT S:1515 At3yr At3yr At3yr At3yr
Surgery alone (S) vs surgery + SC: 520 SC benefit vs S SC benefit vs S S >SC (0.0006) S >SC (0.0003)
chemoterapy (SC) HR = 0.72 (0.049) HR = 0.56 (0.0001)
Liu et al'**, 2008 Meta-analysis S: 2313 At median 5 yr At median 5 yr At median 5 yr At median 5 yr
Surgery alone (S) vs SC: 2286 SC benefit vs S SC benefit vs S SC benefit vs S SC benefit vs S
surgery + chemoterapy (SC) RR =0.85 (0.00001) RR = 0.85 (0.04) RR =0.78 RR between 0.62-0.65
Sun et al'*”, 2009 Meta-analysis S:1914 At5yr
Surgery alone (S) vs surgery + SC: 1931 SC benefit vs S
chemoterapy (SC) HR =0.78 (0.001)
Paoletti et al'*, 2010 Meta-analysis S: 1885 At10yr At10yr
Surgery alone (S) vs surgery + SC:1953 SC benefit vs S SC benefit vs S

chemoterapy (SC)

HR = 0.82 (0.001)

HR = 0.82 (0.001)

RCT: Randomized controlled trial.

In the experimental group, a complete clinical response
was obtained in 5.8% of patients, while a partial clinical
response was obtained in 30.4%. Following pathological
assessment of the operative specimen, 81.9% of patients
in the experimental group had received a radical resection
(RO), compared to 66.7% of controls (P = 0.0306). In the
experimental group, complete pathological response was
observed in 7.1% of the patients, and 65.7% of tumors
in the experimental group were T0-1-2, which compares
to 50% in controls. Lymph node metastases and lym-
phatic invasion were significantly higher in controls (P
=0.018 and P = 0.01 respectively). At a median follow-
up of 4.4 years, however, no significant survival benefit
was observed in the experimental group (HR for overall
survival 0.84; P = 0.46). In a multicentric RCT, published
in 2010"Y, the short-term effects of neoadjuvant chemo-
therapy (docetaxel, cisplatin, 5-fluorouracil for 4 cycles of
21 days) in 34 patients with gastric carcinoma (I3-4 any
N MO or any T'N1-3 MO TNM 1997) were examined,
comparing them with the same chemotherapy in adjuvant
treatment (in 35 patients). Patients in the neoadjuvant
group received surgery 3-4 wk after beginning the last
cycle of therapy. Neoadjuvant therapy was completed in
74% of patients of that group. D1 lymphadenectomy
was always performed, and it was sometimes extended
to some stations of the main local vessels"”. Although
it is not possible to compare the two groups, because of
the characteristics of the study, radical RO resection was
performed in 85% of cases in the neoadjuvant group and
in 91% of the adjuvant group. Complete pathological
response was observed in 12% of cases in the neoadju-
vant group. Postoperative complications and operative
mortality did not differ significantly (P = 0.86) in the two
groups. Complete adjuvant therapy was administered to
34% of patients in the adjuvant group. Thirty four per-
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cent of patients in this group did not receive adjuvant
treatment. Severe adverse events were more frequent in
the adjuvant group (P = 0.07).

D’Ugo ¢t al””, based on a study with a single treat-
ment group of 34 patients with resectable gastric carci-
noma, state that the postponement of resection in favour
of a systemic treatment does not exclude patients from
the benefits of a potentially curative delayed resection
and does not worsen surgical outcomes. However, they
also admit that tumor progression affects some patients.
This statement alone would be enough to suggest an ac-
curate selection of those patients who can benefit from
preoperative chemotherapy.

Pre- and post-operative chemotherapy (periopera-
tive chemotherapy): This approach presents the dis-
advantages of both modalities. Besides, a percentage of
patients does not start postoperative treatment due to
progression of the disease, toxicity during preoperative
treatment, withdrawal of consent, or postoperative com-
plications.

The results of an international multicentric RCT were
published in 2006™” by Medical Research Council Adju-
vant Gastric Infusional Chemotherapy (MAGIC), and it
has become a landmark for all the following studies on
neoadjuvant and adjuvant treatments for gasttric catcino-
ma. The study examined 503 patients with gastric, esoph-
agogastric junction and distal esophageal adenocarci-
noma, amenable to curative surgery. Seventy four percent
of the examined cases were gastric carcinomas. Patients
were randomized to receive petioperative chemotherapy
(250 patients, three preoperative cycles and three postop-
erative cycles of epirubicin, cisplatin and fluorouracil for
21 d) or surgery alone (253 patients). Eighty six percent
of patients in the experimental group (215 patients) com-
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pleted neoadjuvant treatment, and toxic effects of the
therapy were the main reasons for interruption. Two hun-
dred and twenty nine patients of the experimental group
were resected. One hundred and four of them completed
the three cycles of pre- and post-operative chemotherapy.
The main reasons for not performing postoperative ther-
apy were: progression of the disease, death, withdrawal
of consent. The median interval between randomization
and surgery was 99 d in the experimental group and 14
d in controls. Smaller maximum diameter of the tumor,
higher number of T1-T2 tumor and smaller lymph node
involvement were observed in the experimental group,
with significant differences as compared to controls (P =
0.001, P =0.002, P = 0.01, respectively). The percentages
of death, death for progression of the disease, local and
distant recurrence were higher in controls. The HR for
progression risk and for death in the experimental group
was better than in the control group (HR = 0.66; P =
0.001 and HR = 0.75; P = 0.009 respectively). Even after
stratification, HR for death was better in the experimental
group (0.74; P = 0.008). The percentages of survival at 5
years were 360.3% in the experimental group and 23% in
controls.

The results of the French multicentric RCT FLNCC
ACCORDO7-FFCD 9703 were published in 2011, This
research compared pre- and postoperative chemotherapy
in patients with resectable gastric, esophagogasttic junc-
tion and distal esophagus adenocarcinoma (cisplatin,
fluorouracil; 2-3 preoperative cycles and 3-4 postopera-
tive cycles of 28 d) with surgery alone. One hundred and
thirteen patients were randomized in the experimental
group, 111 in the controls. Seventy five percent of the
adenocarcinomas were in the distal esophagus or in the
esophagogastric junction. Eighty seven percent of pa-
tients in the experimental group received at least 2 cycles
of preoperative chemotherapy. Toxicity of grade 3-4 de-
veloped during preoperative therapy in 38% of patients
in the experimental group. Surgery was performed in
96.5% of cases in the experimental group, at a median
interval of 78 d after randomization, and in 99% of
controls, at a median interval of 13 d after randomiza-
tion. RO resections and a lower incidence of lymph node
metastases were found in the experimental group (P =
0.04 and P = 0.054 respectively). Fifty percent of pa-
tients in the experimental group received postoperative
chemotherapy. At a median follow-up of 5.7 years, the
experimental group showed a significant benefit in terms
of overall (HR for death 0.69; P = 0.02) and disease-free
survival (HR = 0.65; P = 0.003) compared to controls.
The 5-year survival rates were 38% in the experimental
group 5, 24% in controls. The disease-free survival rates
were 34% and 19%, respectively. At multivariate analysis,
preoperative chemotherapy was a significant prognostic
factor (P = 0.01). The results of this trial, in relation to
gastric carcinoma, need to be cautiously assessed, consid-
ering that gastric adenocarcinomas were only 25% of all
the adenocarcinomas.The study protocol of an interna-
tional multicentric RCT, CRITICS (ChemoRadiotherapy
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after induction Chemotherapy in Cancer of the Stomach,
NCT00407186), was published in 2011, According to
this study, patients with a resectable gastric cancer (stage
IB-IVa AJCC 6" edition) should be treated with three
cycles of preoperative chemotherapy (epirubicin, cispla-
tin, capecitabine) followed by surgery with D2 lymphad-
enectomy, then, following these, three more cycles of the
same chemotherapy or chemoradiotherapy. The number
of patients to be enrolled is high, 788 patients. These
should be randomized after diagnosis and before begin-
ning neoadjuvant treatment. The primary endpoint is to
improve overall survival compared to surgery alone. It is
expected that the results of this trial will be useful to treat
patients with resectable gastric cancer.

NEOADJUVANT AND INTRAOPERATIVE
RADIOTHERAPY

The aim of neoadjuvant and intraoperative radiotherapy

is to reduce the biological potential of tumor cells, to
increase surgical radicality by reducing the extension
of the tumor, and to eliminate residual subclinical lo-
cal metastases after surgery. The surgeons, however, are
particulatly concerned about the technical difficulties of
operating in a pretreated field, because of the possibil-
ity of wound anastomotic healing problems, damage to
nearby abdominal organs, and postoperative pulmonary
complications. Also for these reasons, these methods of
treatment are not common, and there are few trials ex-
amining their efficacy. In addition, these techniques also
bear logistic difficulties, especially in relation to intraop-
erative radiotherapy.

The short- and long-term results of a RCT were
published in 1998 examining the role of neoadjuvant
radiotherapy compared to surgery alone, in the treatment
of gastric cardia adenocarcinoma. After randomization,
the experimental group included 171 patients, compared
to 199 controls. The radiation dose was 40 Gy, and it was
administered in 4 wk. Surgery was performed 2-4 wk
after completion of radiotherapy. The rates of overall,
radical and palliative resectability were significantly higher
in the experimental group (P = 0.01, 0.001, 0.025 respec-
tively). The experimental group presented a smaller local
extension of the tumor, a lower number of patients with
lymph node metastases and a lower number of lymph
nodes affected by metastases (P < 0.01, P < 0.001 and
P < 0.0001 respectively). Preoperative radiotherapy ob-
tained better overall 5- and 10-year survival rates, both
in resected and in non-resectable patients, while the dif-
ference compared to surgery alone was only significant
(P = 0.009) in the latter. Non-resectable patients in the
experimental group had significantly longer mean and
median survivals (P = 0.008) than non-resectable patients
in controls. After histological examination, it was ob-
served that a higher effect of radiotherapy on tumor cells
corresponded to better 5-year survival rates (P = 0.05).
Local and lymph node recurrences were lower in the ex-
perimental group (P < 0.025 and P < 0.005 respectively)
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than in controls. It should be considered that the exam-
ined cases were adenocarcinoma of gastric cardia, which
can account for the positive results. The data of a RCT
of Russian MRRC RAMS were published in 2000, Tt
randomized 40 patients with gastric carcinoma to receive
concentrated preoperative radiotherapy (20 Gy in 5 d),
gastrectomy and intraoperative radiotherapy (I1ORT,
20 Gy) and 38 patients to receive gastrectomy alone.
The use of IORT allows for a higher administration of
radiations directly on a target area and, together with
concentrated adjuvant radiotherapy, it has the theoretical
potential to reduce local and regional recurrence and to
improve survival. D1 gastrectomy was prevalently per-
formed in the two groups. In 25% of cases neoadjuvant
radiotherapy caused toxicity in the experimental group,
but the preoperative radiotherapy treatment was always
completed. Postoperative complications were observed
in 35% of cases in the experimental group and in 50% in
the control group. Overall survival was not significantly
different in the two groups (P = 0.31). However, in the
experimental group a benefit in survival was observed,
when lymph nodes were metastasized (P = 0.04), when
tumors were T3-4 (P = 0.04), and for stage I and III
A tumors (P = 0.04). This trend was also seen in T3-4
N1-2 cases: median survival time was 21.4 mo in the ex-
perimental group, 9.0 mo in controls. These data confirm
that, for T1-2 NO stage tumors, neoadjuvant and adjuvant
therapies do not improve the results of surgery, which, in
these particular instances, is ideal and sufficient. The data
of another RCT of the MRRC RAMS were published
in 2002, This research examined the short- and long-
term outcomes of neoadjuvant radiotherapy employed
in resectable gastric carcinomas. Fifty one patients were
randomized in the experimental group and treated with
concentrated preoperative radiotherapy (20 Gy adminis-
tered in 5 consecutive days) followed by surgery within
4-5 d. The 51 controls received surgery within 7 d from
randomization. Radiotherapy, completed by all patients in
the experimental group, was generally well tolerated. D1
gastrectomy was always performed, and postoperative
(surgical and non-surgical) complications were more fre-
quent in the experimental group,while operative mortality
did not differ in the two groups. Long-term survival in
the two groups was not significantly different (39% in the
experimental group 25 30% in controls after 5 years; 32%
in the experimental group »s 18% in the control group
after 10 years) (P = 0.55), although median duration of
survival of tumors T3-4 and of tumors with positive
lymph nodes was longer in the experimental group. The
survival curves in the experimental group became better
than in controls three years after surgery. The authors
comment that the long-term aim of radiotherapy is to
reduce the development of loco-regional recurrence, and
the trend of the curves confirmed that this result had
been achieved. A meta-analysis was conducted in 2007,
examining four RCTs for a total of 405 patients treated
with adjuvant radiotherapy for resectable gastric carcino-
ma, and it showed a benefit of radiotherapy after 3 and 5
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years compared to surgery alone (OR = 0.57; P = 0.0001
and OR = 0.62; P = 0.002, respectively). One other meta-
analysis, in 2009 also considered the role of neoadju-
vant and adjuvant intraoperative radiotherapy in gastric
carcinoma. The modalities of the analysis, however, do
not allow to understand which results refer to the various
types of radiotherapy.

Intraperitoneal chemotherapy

Negative outcomes after surgery for gastric carcinoma
are related, in 50% of the cases, to dissemination of the
tumor in the peritoneal cavity™®. The peritoneum is
involved either as a result of trans-parietal invasion by tu-
mor cells, or of intraperitoneal seeding caused by surgical
maneuvers such as manipulation of the tumor or section
of lymphatic and blood vessels. Chemotherapy medica-
tions injected during neoadjuvant or adjuvant therapies
do not reach effective concentration at peritoneal level.
Intraperitoneal chemotherapy aims at eradicating tumor
cells after surgery by using high concentrations of drugs
in the peritoneum, thus reducing systemic toxicity. The
use of intraperitoneal chemotherapy can be considered
a procedure with prophylactic and therapeutic aim, but,
to date, it is not accepted as a standard therapym. It can
be given in several ways: as hypertermic intraoperative
intraperitoneal chemotherapy (HICC), as normothermic
intraoperative intraperitoneal chemotherapy (NIIC), as
early postoperative chemotherapy (EPIC) or as delayed
postoperative intraperitoneal chemotherapy (DPIC).
Some problems are still unsolved: the short- and long-
term outcomes of intraperitoneal chemotherapy, the
correct timing, the role of hyperthermia, the drugs to
be employed, and, more importantly, the selection of
patients to be treated. Since the ‘90s, several RCT have
been conducted, especially by Eastern authors, in order
to examine the role of intraperitoneal chemotherapy in
gastric carcinoma, with the use of cisplatin, mitomycin
C, 5-fluorouracil alone or in combination, comparing
intraperitoneal chemotherapy to surgery alone”™™. The
results of these studies are ambiguous. A RCT in 2001™"
showed a survival benefit in patients with resection of
stage IV and stage Il gastric cancer followed by intraperi-
toneal chemotherapy (mitomycin C and 5-fluorouracil),
compared to surgery-alone controls, while there was no
significant benefit in patients with stage I or II. The
5-year survival for patients with stage Il and stage IV
disease were 57% and 28% in the treated group, and 23%
and 5% in the surgery-alone controls, respectively (P =
0.0024 and P = 0.0098). The benefits of intraperitoneal
chemotherapy on survival were significant as compared
to controls in tumors with gross serosal invasion (P =
0.0004), lymph node metastases (P = 0.0027), in tumors
> 5 cm in diameter (P = 0.0029), and in poorly differen-
tiated tumors (P = 0.0004). Furthermore, the incidence
of peritoneal dissemination in the treated group was
15%, compared to 30% after surgery alone (P = 0.03).
A significant benefit in terms of long-term survival (P
= 0.03) and peritoneal recurrence (P = 0.00008) of pa-
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tients who received gastrectomy for gastric carcinoma
with macroscopic serosal invasion had been observed in
a previous RCT®, A meta-analysis published in 2003
examined the use of intraperitoneal chemotherapy in
patients with gastric cancers resected with curative aim.
Eight RCTs were examined, 495 patients were random-
ized in the experimental group, while 500 patients only
received surgery. The analysis showed that intraperitoneal
chemotherapy, administered during or immediately af-
ter surgery, obtained some benefit compared to surgery
alone. A more recent meta-analysis, published in 2007
examined 13 RCTs in which patients with advanced gas-
tric or gastroesophageal junction adenocarcinoma who
received curative resection were randomized to receive
surgery with associated intraperitoneal chemotherapy (873
patients), or surgery alone (775 patients). HR of the over-
all 3-year survival was better in the intraperitoneal che-
motherapy group in all the modalities of administration,
but the benefit was particularly significant in cases treated
with HICC alone or with associated EPIC (HR = 0.60;
P =10.002 and HR = 0.45; P = 0.0002 respectively). The
relative risk (RR) of locoregional recurrence, examined
for HICC, NIIC and EPIC, did not show significant dif-
ferences between experimental group and controls. The
incidence of perioperative mortality of the procedures
of intraperitoneal chemotherapy was not significantly dif-
ferent than in controls (RR = 1.03; P = 0.96). The most
common postoperative complications in the experimen-
tal group were intra-abdominal abscess (RR = 2.37; P =
0.003) and neutropenia (RR = 4.33; P = 0.007).

CONCLUSION

Gastric carcinoma still represents one of the main causes
of death for cancer in the world, although it presently
has a lower incidence in Western countries. The adop-
tion of programs of primary and secondary prophylaxis
and the use of effective treatments are the only ways to
tackle this condition. The optimal treatment for advanced
gastric carcinoma is still controversial. Surgical gastric
resection (partial or total) associated with lymphadenec-
tomy of perigastric and regional lymph node stations (D2)
represents the treatment of choice. However, surgery
alone cannot guarantee satisfactory results for patients
with advanced disease. The use of multimodal therapies,
chemotherapy and radiotherapy, alone or combined, used

as neoadjuvant, intraoperative or adjuvant treatments
is supported by a series of trials substantiating their ef-
fectiveness on recurrence and survival. Timing, type of
therapy, dosing of administration and possible combina-
tion between different modalities still have to be assessed
and tailored in order to achieve the best outcome in the
individual patient.
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