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Abstract: The optimal treatment for patients with locally advanced gastric adenocarcinoma is
multimodal. Surgery is the cornerstone of therapeutic strategies with curative intent. The addition of
chemotherapy or chemoradiation decreases rate of recurrence and prolongs survival. Guidelines differ
between countries and there is no universal standard of care. Modern studies of patients with locally
advanced gastric cancer showed that adjuvant chemotherapy improves survival over surgery alone in Asia.
These studies could not be replicated in Europe. Peri-operative chemotherapy strategies, conversely, have
been effective in Europe for improving overall and disease free survival. Adjuvant chemoradiation has also
demonstrated improved survival when compared to surgery alone, but studies comparing chemotherapy
with chemoradiation have not shown significant difference. Trials are ongoing to examine the role of
chemoradiation in a neoadjuvant fashion. A D2 extent of lymphadenectomy improves cancer related
survival for those who do not undergo distal pancreatectomy/splenectomy. Survival is also associated not
only with the extent but also the number of lymph nodes examined. There are ongoing trials related to
immunotherapy and targeted therapies, which may also impact or change the treatment paradigm for

locally advanced gastric cancer.
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Introduction nodes evaluated have been the topic of debate over the past

Locally advanced gastric adenocarcinoma (AGC) is defined several decades. At this time, the decision for the optimal

as clinical T2 disease and beyond with or without confirmed extent of lymph node resection is based on the international

nodal involvement. This is important for practitioners in consensus in support of D2 lymphadenectomy, the

that the management of these patients becomes multi- significance of the number of evaluated lymph nodes, and

modal. Surgery is essential to the treatment strategy with
curative intent along with consideration for systemic
chemotherapy and radiation. The extent of lymph node
dissection (LND) and the optimum number of lymph
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surgeon expertise in the outcome of locally AGC patients.
There are clear differences in the management of gastric

adenocarcinoma between Eastern and Western centers,

related to stage of presentation, volume of cases, and
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treatment related outcomes. As such, national guidelines
differ and no universal international standard of care for
the treatment of these patients has been established. In
this review, we present a comprehensive approach to the
multimodal treatment of locally AGC excluding those that
involve the gastroesophageal junction with an emphasis on
timing and extent of surgery for these patients.

Clinical staging to determine appropriate
treatment options

Guidelines for locally AGC treatment are based on best-
available evidence and generalized according to patient’s
clinical stage (1). The individual patient care strategies
for locally AGC, however, must dissect out the key
components of patient factors (age, health, expectations
from treatment) and tumor characteristics (local, regional,
and/or distant disease involvement) to maximize the utility
of the treatment options. Therefore, appropriate work-up
and proper clinical staging of gastric cancer to accurately
characterize the tumor is essential for determining
optimum timing of radical resection and the extent of nodal
dissection.

Prior to any treatment, all patients suspected to have
gastric cancer should receive a work-up that includes
upper endoscopy with biopsy and contrast computed
tomography (CT) scans of the chest, abdomen and pelvis,
which provide the pathologic evaluation, the location of
the tumor, the extent of stomach involvement, potential
for nodal involvement and metastatic status. To further
guide therapeutic planning, an upper endoscopic ultrasound
(EUS), and diagnostic laparoscopy with or without
peritoneal washings can be selectively employed. These
steps differentiate between the early stage and later stage
lesions (cT'1 vs. ¢T2 or greater lesions, NO vs. N positive
disease), and also determine presence or absence of occult
peritoneal metastases not evident on radiologic imaging
studies, respectively.

In our practice, EUS is performed to differentiate
potentially early lesions versus locally AGC when imaging
studies demonstrate no evidence of distant metastases.
Results of EUS can guide endoscopic resection when
appropriate, and determine the extent of lymphadenectomy.
Studies have reported nodal metastatic rates as high as
the following for the respective cT-stage of disease: T'la
(5%), T1b (24%), T2 (52%) , T3 (67%), T4a (74%), and
T2b (82%) with lesions least likely to have LN when they
are <2 cm, well differentiated, non-ulcerated (1.7%) and
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more likely to have nodal metastases if the tumor size is
larger tumors >4 cm, poorly differentiated, proximally
located, and has lymphovascular invasion (2). Majority of the
patients in the United States as in our practice are 70 year
or younger, do not meet criteria for endoscopic treatment,
and are medical fit to undergo surgery. For patients whose
lesions fall outside the recommended guideline parameters
for endoscopic mucosal resection (>2 c¢cm) and endoscopic
submucosal dissection (>1.5 cm) and/or have node positive
disease, ulcerations, signet ring cell figures, or poorly
differentiated disease (3,4), D2 lymphadenectomy should be
considered as an integral part of the radical resection.

Diagnostic laparoscopy has become part of the staging
algorithm for patients with locally AGC based on the
understanding that occult peritoneal metastases is present
in up to 52% of the patients without evidence of metastases
on imaging studies (5). In our practice, all patients who
are planned for neoadjuvant therapy undergo diagnostic
laparoscopy and if gross disease is not found on the
peritoneal surfaces, peritoneal washings are performed to
rule out microscopic disease. Thus, the judicious use of
EUS and diagnostic laparoscopy can profoundly impact
locally AGC patient management.

Timing of chemotherapy related to surgery

Patients who are found to have non-metastatic ¢T2 or
greater disease may be considered candidates treatment
with multiple modalities: either up front surgery followed
by adjuvant chemotherapy or chemoradiation therapy, or
peri-operative chemotherapy. Each of these options are
considered in the 2018 National Comprehensive Cancer
Network (NCCN) guidelines within the context of a
multidisciplinary review (1).

By comparison, the European Cancer Organization
states upfront surgery is typically only appropriate for
patients with early stage disease (cT'la or ¢T'1b) not suitable
for endoscopic therapy (6). The Italian Research Group
for Gastric cancer (7), recommends neoadjuvant treatment
for T3+ disease after a multidisciplinary case review. The
Japanese gastric cancer treatment guidelines recommend
initial chemotherapy or chemoradiotherapy only for patients
with metastatic disease, and note that treatments for non-
metastatic patients other than adjuvant S1 are considered
investigational (8). The diversity of recommendations is a
reflection to the variations that exists within the practice
changing clinical trial literature as summarized in Table 1,
and are described below.
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Table 1 Summary of practice changing clinical trials for locally AGC that included chemotherapy without radiation

Trial (chemotherapy

. Enrollment Comparison Outcome % Treated
trials)
Combined Stage IB+ gastric Adjuvant FEMTX or FAMTX vs. 5y OS FEMTX 33%, FAMTX 68% received all chemo
EORTC+ICCG and GE junction, surgery alone (D2 for EORTC) 52%, surgery alone 36-51% (NS)
— 0, H
(Europe) (9) n=397, 48% distal 5y DFS FEMTX 29% vs. 51%
FAMTX vs. 34-50% surgery (NS)
MAGIC (UK) (10) Stage I+ gastric and Perioperative ECF vs. surgery 5y OS chemo 36% vs. 23% 42% received all chemo;
GE junction, n=503, alone (at least D1 required) surgery (P=0.009) 83% received pre-op
21% distal chemo
ACTS-GC Stage II-llIB gastric, Adjuvant S1 vs. surgery alone 3y OS chemo 80% vs. 70% 65.8% received all chemo
(Japan) (11) n=1059, 58% distal (D2 required) surgery (P=0.003)
3y DFS chemo 72% vs. 60%
surgery (P<0.001)
GOIRC Stage Ib-IV gastric,  Adjuvant PELF vs. surgery 5y OS chemo 48% vs. 49% 58% received all chemo
(Italy) (12) n=258, 48% distal alone (at least D1 required) surgery (NS)

EORTC 40954
(Europe) (13) GE junction, n=144,

2% distal

alone (D2 preferred)

FNCLL/FFCD
(France) (14)

Any stage gastric
and GE junction,

n=224, 25% distal preferred)

CLASSIC (Korea, Stage II-1lIB gastric
China, Taiwan) (15) n=1035, 78% body/ alone (D2 required)
antral

FLOT4-AIO
(Germany) (16)

Stage T2+ gastric
and GE junction,
n=716, 44% distal

Perioperative FLOT

Stage lll+ gastric and Neoadjuvant PLF vs. surgery

Perioperative fluorouracil,
cisplatin vs. surgery alone (D2 surgery (P=0.003)

Adjuvant CapeOx vs. surgery 3y OS chemo 83% vs. 78%

Perioperative ECF/ECX vs.

5y DFS chemo 42% vs. 42%
surgery (NS)

2y OS chemo 73% vs. 70% 65% received all chemo

surgery (NS)

36% received all chemo;
87% received pre-op
chemo

5y DFS chemo 34% vs. 19%

5y OS chemo 38% vs. 24%
surgery (P=0.02)

67% received all chemo
surgery (P=0.49)

3y DFS chemo 74% vs. 59%
surgery (P<0.001)

46% received all chemo
(FLOT)

3y OS FLOT 57 months vs.
ECF/ECX 48 months (P=0.01)

3y PFS FLOT 46 months vs.
37 months ECF/ECX (P=0.004)

N, number randomized; GE, gastroesophageal; OS, overall survival; DFS, disease free survival; NS, not significant; FEMTX =
5-fluorouracil+Adriamycin; FAMTX= epirubicin, methotrexate, leucovorin; ECF = epirubicin, cisplatin, fluorouracil; PELF = cisplatin,
epirubicin, leucovorin, 5-fluorouracil; PLF = cisplatin, fluorouracil, leucovorin; CapeOx = Capecitabine, oxaliplatin; ECX = epirubicin,

cisplatin, capecitabine.

The clinical trials in locally AGC started with the
recognition that recurrence rates were unacceptably
high with surgery alone. The ACTS-GC study (11)
acknowledged this, showing that 40% of patients with
stage II-IIIB gastric cancer recurred in the first 3 years
without additional therapy, and that the majority of these
relapses were peritoneal. Treatment with adjuvant oral S1
(a prodrug of fluorouracil not available in the US) given
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for one year post-operatively significantly improved overall
survival (OS) and disease free survival (DFS). The greatest
benefits were derived for patients <60 years old, and those
who had stage II or N1 disease. This trial was conducted
in Japan at centers that perform >100 operations annually
for gastric cancer. All patients underwent at least a D2
lymphadenectomy and had negative pathologic margins.
Although low, the local recurrence rate was 2.8% in the
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surgery only arm, making it clear that even with the highest
technical quality of surgery, surgery alone was insufficient
for these patients.

Adjuvant chemotherapy was further studied in the
CLASSIC trial (15), in which patients were treated for
6 months with capecitabine, also an oral prodrug of
fluorouracil, along with oxaliplatin. These patients again
all had negative margins, and were treated by surgeons
who performed >50 gastrectomies a year. This study also
demonstrated benefit for adjuvant chemotherapy, with
the greatest effect for stage IIIB patients, whose 3-year
DEFS remarkably improved from 33% to 61% in the
group treated with chemotherapy in the adjuvant setting.
Additional large adjuvant chemotherapy studies attempted
to add to fluoropyrimidine based treatment, including
SAMIT (17), ITACA-S (18), and AMC0201 (19), but failed
to show superiority.

While both the CLASSIC and ACTS-GC studies
provided excellent rationale for using adjuvant
chemotherapy, their applicability to Western centers was
uncertain. This is because Western centers tend to have
lower volumes, perform less extensive lymphadenectomies,
and have higher rates of gastroesophageal junction/proximal
tumors than Asian centers (9,20). A combined European
ICCG and EORTC study compared adjuvant 5-fluorouracil
+ adriamycin (FAMTX) or epirubicin and methotrexate
with leucovorin rescue (FEMTX) with a surgery only
control arm (21). These trials included patients with gastro-
esophageal junction tumors (7%) and those with positive
margins (7%). They were combined due to low accrual,
but remained underpowered for the anticipated 10%
difference, ultimately showing no difference between any of
the treatment arms. It was noted that the EORTC arm had
better survival and also mandated a D2 lymphadenectomy,
with a higher number of lymph nodes examined compared
to the ICCG trial (20 vs. 13), but definitive claims regarding
extent of lymphadenectomy could not be made. This was
followed by the Italian GOIRC (12) study which examined
adjuvant cisplatin, epirubicin, leucovorin, 5-fluorouracil
compared to surgery alone, and also found no difference
in OS or DFS between the adjuvant chemotherapy and
surgery only groups. This study mandated at least a D1
lymphadenectomy, and only half of patients had more than
15 lymph nodes examined. They did show that the number
of lymph nodes examined was associated with both disease
free and overall survival (OS) in their multivariable analysis.
As such, Western centers were unable to replicate the results
of their Asian colleagues regarding adjuvant chemotherapy,
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but the patient populations and operative management were
somewhat different.

Peri-operative chemotherapy arose out of an interest in
treating micrometastatic disease, as well as down-staging
tumors prior to surgery. The MAGIC trial (10) addressed
this in patients with both gastric and gastroesophageal
junction tumors, with 3 neoadjuvant and 3 adjuvant cycles
of epirubicin, cisplatin, fluorouracil (ECF). While only
67% of patients enrolled in this study underwent surgery
that was deemed curative, patients treated with peri-
operative chemotherapy had significantly smaller tumors
(3 vs. 5 cm, P<0.001) compared to the surgery only arm,
with similar rates of surgical complications. Recurrence,
especially as it related to distant metastases was lower in
the ECF group (24% vs. 37%), and OS was also improved,
with the greatest benefit derived in patients <60 years old,
with gastro-esophageal tumors. These results were echoed
in the French FNCLCC and FFCD multicenter study (14)
that similarly examined peri-operative cisplatin and
fluorouracil, and additionally showed higher rates of RO
resection in the perioperative chemotherapy group (95%
vs. 74%, P=0.004). These studies were conducted in parallel
with the EORTC 40954 trial (13), which was limited to
stage III and greater disease, and instead compared only
neoadjuvant chemotherapy to surgery alone. While patients
in the neoadjuvant arm had a higher RO resection rate (82%
vs. 67%, P=0.03), and fewer positive lymph nodes (median 1
vs. 6, P=0.02), they did not differ in progression free or OS
from the surgery alone cohort. Most recently, the German
FLOT4 study compared the MAGIC trial protocol of ECF
to docetaxel, oxaliplatin, leucovorin, fluorouracil (FLOT)
given 8 weeks pre- and 8 weeks post-op (16). FLOT
significantly improved disease free and OS, and was also
associated with improved frequency of RO resections (84%
vs. 77%, P=0.01). It should be noted that there are no large-
scale phase III randomized trials comparing neoadjuvant to
adjuvant chemotherapy for locally advanced gastric cancer.
A trial was attempted comparing neoadjuvant to adjuvant
docetaxel, cisplatin, and fluorouracil, in which 74% of patents
completed neoadjuvant therapy, but only 34% of patients
completed adjuvant therapy. The study was closed early due to
slow accrual, with no survival results reported (22).

Based on these studies, it is our practice to treat Stage
II+ patients without compelling reasons for up front
surgery with peri-operative chemotherapy (neoadjuvant
followed by adjuvant). This is with the understanding that
a proportion may not go on to receive all planned cycles of
chemotherapy post-operatively without dose modifications
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Table 2 Summary of practice changing clinical trials for locally AGC that included radiation

Trial (radiation trials) Enrollment

Comparison

Outcome % Treated

SWOG/INT 0116 Stage IB-IV gastric or Adjuvant chemoXRT 45 Gy with 3y OS chemoXRT 50% vs. 41%  64% received all
(USA) (23) GE junction, n=556, fluorouracil, leucovorin vs. surgery surgery alone (P=0.005) chemoXRT
of 4
80% distal alone (D2 recommended) 3y DFS chemoXRT 48% vs. 31%
surgery alone (P<0.001)
POET Stage T3+ gastric or Neoadjuvant PLF vs. Neoadjuvant PLF 3 y OS chemo 28% vs. 47% 66% received
(Germany) (24) GE junction, n=119, + 30 Gy with cisplatin, etoposide (D2  chemoXRT (NS) all chemo; 75%
o) .
0% distal preferred) 3y DFS chemo 59% vs. 77% Li‘;er:f;RaT"
chemoXRT (NS)
ARTIST Stage I+ gastric, Adjuvant XP without vs. with 45 Gy (D2 3y DSF chemoXRT 78% vs. 74% 75% received

(Korea) (13,25) n=458, 86% body/

antral

required)

CRITICS
(Dutch) (26) GE junction, n=788,
32% distal
(sub-total)

(D1+ required)

Stage IB+ gastric or  Peri-op epirubicin, cisplatin or
oxaliplatin, and capecitabine vs.
neoadjuvant chemo, adjuvant 45 Gy
with capecitabine, cisplatin

chemo (NS) all chemo; 82%
o received all
3y DSF chemoXRT + LNs 78% chemoXRT

vs. 72% chemo + LNs (P=0.04)

46% received
all chemo; 51%
received all
chemoXRT

5y OS chemo 42% vs. 40%
chemoXRT (NS)

5y DFS chemo 39% vs. 38%
chemoXRT (NS)

N, number randomized; GE, gastroesophageal; chemoXRT, chemoradiation; OS, overall survival; DFS, disease free survival; NS, not
significant; PLF, cisplatin, fluorouracil, leucovorin; XP, capecitabine, cisplatin.

or omissions, and that there are no completed randomized
clinical trials that directly compare neoadjuvant to adjuvant
chemotherapy. Patients who have surgery upfront and
are found to be stage II-IIIB are also offered adjuvant
chemotherapy. This circumstance arises in patients who are
believed to be stage I by pre-operative evaluation and later
found to be higher stage, and for those with a compelling
clinical reason for upfront surgery, such as significant
bleeding. For Western patients, this is with the caveat
that studies showing benefit were performed in Eastern
populations treated at significantly higher volume centers.

Use and timing of radiation—is there still a role?

Radiation for gastric cancer is typically offered with
sensitizing chemotherapy, and per the NCCN guidelines,
may be given neoadjuvantly (category 2B, based on lower-
level evidence with consensus), or after a resection with a
microscopic or macroscopic positive margin (1). Japanese
guidelines conversely refer to chemoradiation in the
neoadjuvant and adjuvant setting as investigational (8).
Italian guidelines mention possible adjuvant chemoradiation
for stage II-III disease, positive lymph nodes, or an R1
resection (7). The European guidelines recommend

© Translational Gastroenterology and Hepatology. All rights reserved.

radiation for gastroesophageal tumors, and for gastric cancer
patients with high-risk features for local recurrence (6).
Again, a number of studies exist examining the role of
radiation in the neoadjuvant and adjuvant setting. The
practice changing clinical trials are summarized in Table 2,
and are described below.

The initial studies examining radiation for locally AGC
were performed in the adjuvant setting. The SWOG/INT
0116 study (23) demonstrated improved disease free and
OS with 45 Gy of adjuvant chemoradiation compared to
surgery alone. Patients had fewer local, regional, and also
distant recurrences in the chemoradiation arm despite
radiation primarily being a locoregional treatment. Serious
criticisms of this study include that 54% of patients did
not receive any kind of operative lymphadenectomy, and
furthermore that 17% of patients were not able to complete
post-operative radiation therapy. The ARTIST trial (27)
evaluated adjuvant chemotherapy with and without
radiation. While there was no significant difference in
DFS for all comers, sub-group analysis showed a benefit
with radiation for the 86% of patients who had positive
lymph nodes (3-year DFS 78% vs. 72%, P=0.04). These
findings were echoed in other randomized studies (28), and
also persisted with 7 years of follow-up (25). Results of the

Transl Gastroenterol Hepatol 2019;4:42 | http://dx.doi.org/10.21037/tgh.2019.05.02



Page 6 of 12

ARTIST trial prompted a subsequent analysis at Samsung
Medical Center, Seoul, South Korea, examining patients
treated with D2 lymphadenectomy who had positive lymph
nodes confirmed on pathology, and were then treated with
adjuvant chemotherapy or chemoradiotherapy according
to the INT 0116, ARTIST, ACTS-GC, or CLASSIC
trials (29). This showed significantly higher recurrence free
survival in the chemoradiotherapy group and improved
OS for patients with N3 disease, when compared to
adjuvant chemotherapy alone. A further study comparing
ECF to fluorouracil and leucovorin given with adjuvant
radiation in the CALGB80101 study (30) did not yield
positive results. Post-operative chemoradiation was added
to peri-operative chemotherapy in the recently published
CRITICS trial (26); this also did not show a difference in
OS or DFS, without any identified subgroups that derived
significant benefit.

Neoadjuvant radiation therapy has also been extensively
studied. The German POET trial (24) compared
patients treated with neoadjuvant chemotherapy to a
total neoadjuvant therapy approach. While OS and
DEFS did not achieve statistical significance, the trend
toward statistical significance (OS P=0.07, and DFS
P=0.06) and the magnitude of potential clinical benefits
of higher pathological complete response rates favoring
chemoradiotherapy generated great interest. In a similar
study, the global TOPGEAR trial (31) is currently
enrolling to compare the MAGIC protocol to 2 cycles of
neoadjuvant ECF followed by 45 Gy over 5 weeks with
concurrent 5-fluorouracil. Both groups go on surgery with
at least a D1+ lymphadenectomy, followed by adjuvant
ECF. Their interim report demonstrated improved
tolerability compared to the SWOG/INT 0116 study,
with 98% of patients receiving all neoadjuvant treatment,
and similar post-operative complication rates. Due to
issues with tolerability of post-operative therapy, the
CRITICS-II trial is currently enrolling to randomize
three different neoadjuvant only regimens—docetaxel,
oxaliplatin, and capecitabine (DOC) for 12 weeks vs. DOC
for 6 weeks, followed by 45 Gy radiation therapy with
concurrent paclitaxel and carboplatin vs. only neoadjuvant
chemoradiotherapy (32).

There is no convincing data at this time to give
neoadjuvant or adjuvant chemoradiation. This may change,
however, with the pending data from the TOPGEAR and
CRITICS-II trials. Aside from its potential role in the
curative treatment of locally AGC, radiation can also be
used to treat symptomatic bleeding from gastric tumors,
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with an efficacy of 74% in pooled analysis (33), and has
also been shown to prolong survival in non-metastatic
gastric cancer patients who are not able to undergo curative
resection (34).

Extent of lymphadenectomy during curative
resection

The primary goal of radical gastrectomy is to remove all
known disease from the patient for both long-term survival
benefit and improvement in the quality of life. In an effort
to remove all disease, a lymphadenectomy is recommended
as part of curative surgery. The extent of lymphadenectomy
performed during gastrectomy for locally AGC, however,
has been the subject of debate in the past, and the center
of much research. Lymph node stations used to describe
the extent of lymphadenectomy were first defined by the
Japanese Research Society for Gastric Cancer in 1982 (35).
In general, peri-gastric lesser curvature and greater
curvature lymph nodes (stations 1-6) are grouped into a
D1 lymphadenectomy, additional lymph nodes along the
left gastric artery, common hepatic artery, celiac artery,
and splenic artery (stations 7-11) are grouped into a D2
lymphadenectomy (36), and additional hepatoduodenal
ligament, retropancreatic, and superior mesenteric vein
lymph nodes are grouped into a D3 lymphadenectomy
(stations 12-14) (37). Other lymph node stations along the
aorta, as well as paraesophageal lymph nodes have been
defined (35).

NCCN guidelines recommend a D2 lymphadenectomy, with
a goal of examining >15 lymph nodes (1). Japanese guidelines
recommend a D1+ lymphadenectomy for T1b tumors, and
D2 lymphadenectomy for T2+ or N1+ tumors (8). Italian
guidelines recommend a D2 resection for all gastrectomies
with curative intent, excluding patients who are very high
risk, and early tumors not treatable by endoscopy (7). This
is based on the fact that an adequate lymphadenectomy
leads to more accurate staging, which seems to be most
important for stage II and III patients. The practice
changing clinical trials are summarized in Table 3,
and are described below.

Historically, more extensive lymphadenectomies
were favored in the East, whereas less extensive
lymphadenectomies were more often performed in the
West. Evidence of this can be found in the literature
reviewed above; no lymphadenectomy was performed at the
time of resection for more than half of US patients enrolled
in the SWOG/INT 0116 study despite specifications
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Table 3 Summary of practice changing clinical trials for extent of lymphadenectomy during resection for gastric cancer

Trial (lymphadenectomy

Enroliment
trials)

Comparison

Outcome LNs evaluated

Price of Wales Hospital Any distal gastric
(Hong Kong) (38) cancer, n=55
and splenectomy)

D1 vs. D3 lymphadenectomy (all
D3 with distal pancreatectomy

Median survival D1 4.1 vs. 2.5
years D3 (P=0.04)

Median LNs not
reported

MRC-STO1 Stage I-Ill gastric D1 vs. D2 lymphadenectomy 5y OS D135% vs. 33% D2 (NS)  Median LN# D1 13,
(UK) (39,40) cancer, n=400, 44% (30% distal pancreatectomy or D2 17
distal splenectomy)

DGCG (Dutch)
(36,41,42)

Any gastric cancer,
n=711, 66% distal
or splenectomy)

Taipei Veterans Gastric cancer
General Hospital

(Taiwan) (43,44) n=221 splenectomy)

IGCSG-R01 Any gastric cancer,
(Italy) (45) n=267

D1 vs. D2 lymphadenectomy
(38% with distal pancreatectomy D2 (P<0.001) D2 30

clinically stage IB-Ill, with distal pancreatectomy or

D1 vs. D2 (9% with distal
pancreatectomy or splenectomy) D2 33

Complications D1 25% vs. 43% Median LN# D1 17,

Deaths D1 4% vs. 10% D2
(P=0.004)

11y OS D1 30% vs. 35% D2 (NS)
15y OS D1 21% vs. 29% D2 (NS)

D1 vs. D3 lymphadenectomy (8% Complications D3 17% vs. 7% D1 Median LN# D1 19,

(P=0.01) D3 37

5y OS D3 60% vs. 54% D1
(P=0.04)

5y OS D1 67% vs. 64% D2 (NS)  Median LN# D1 25,

N, number randomized; LN, lymph node; OS, overall survival.

for it (23), compared to only 1 out of 1,059 patients not
having a D2 or greater lymphadenectomy in the Japanese
ACTS-GC trial (11). A review of more than 10,000
gastrectomies at Yonsei University in South Korea from
1987-2007 found that only 3.2% of patients had fewer
than 15 lymph nodes examined (46). Reasons for this are
undoubtedly related to the pronounced discrepancies
between the patient populations and the volume of surgically
treated gastric cancers at Eastern vs. Western centers.

The Dutch Gastric Cancer Group has been instrumental
in producing long-term high quality data regarding
lymphadenectomy for Western patients with gastric cancer.
In their study comparing D1 to D2 lymphadenectomy
that enrolled from 1983-1993, patients with proximal
tumors that invaded beyond the muscularis propria (T3
or T4 disease) also underwent distal pancreatectomy and
splenectomy (36). This is because at the time of enrollment,
it was felt that a complete D2 lymphadenectomy for these
patients required distal pancreatectomy and splenectomy
to obtain stations 10 and 11. These particular patients had
significantly higher mortality rates (36). Additional risk
factors for post-operative morbidity and mortality were
age >70, male gender, and total vs. distal gastrectomy
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procedure (41). At 11 and 15 year follow ups, this study did
not show significant differences for OS or DFS between the
D1 and D2 groups (41,42), however, at 15 years, there was
a significant difference in deaths caused from gastric cancer
(D1 48% wvs. D2 37%, P=0.01), as well as for D1 vs. D2
lymphadenectomies excluding those who underwent distal
pancreatectomy and/or splenectomy (15 year OS D2 35%
vs. D1 22%, P=0.006). The apparent benefit was greatest
for patients who were stage II-I1I.

The MRC-ST01 UK trial also randomized D1 to D2
lymphadenectomy, and similarly did not find a significant
difference in OS between the groups, but also reported
increased complications and poorer survival in patients
who had a distal pancreatectomy and splenectomy (P=0.01)
(39,40). After adjusting for distal pancreatectomy and
splenectomy, the complication rate between the D1 and D2
groups were similar. The IGCSG-RO01 study randomized
D1 to D2 lymphadenectomy, but had fewer distal
pancreatectomies and splenectomies in the D2 group (45).
While OS was similar between groups, the disease specific
survival for patients with pT'1 tumors was longer in the D1
group (5-year survival 98% vs. 83%, P=0.02). Conversely,
patients with T2+ tumors trended towards longer 5-year
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disease specific survival with a D2 dissection (59% vs.
38%, P=0.06). It should be noted that in this study, the
average lymph node yield for the patients who had a D1
lymphadenectomy was 28.

Asian studies examined the validity of a D1 compared
to D3 lymphadenectomies. Three surgeons at Taipei
Veterans General Hospital performed a randomized study
comparing D1 to D3 lymphadenectomy, in which only 8%
of patients had a distal pancreatectomy or splenectomy,
and found that while morbidity was higher in the D3
group (longer operative times, higher blood loss, more
need for transfusions) (43), survival outcomes were actually
superior for the D3 group (44). The authors concluded that
D3 lymphadenectomies should be done by experienced
surgeons in hospitals that treat many patients with gastric
cancer. By comparison, a trial of distal gastrectomy out of
Hong Kong randomizing D1 vs. D3 lymphadenectomy
that mandated a distal pancreatectomy and splenectomy
for the D3 group found that survival was superior for the
D1 group, along with shorter operative time, lower blood
loss, and shorter hospitalization (38). Additional Eastern
(47,48) studies that compared D2 lymphadenectomy to
more extensive dissection found no difference in OS or
recurrence free survival.

It should be acknowledged that none of the
patients in any of the above lymphadenectomy trials
received neoadjuvant or adjuvant chemotherapy. D2
lymphadenectomy has, however, been incorporated into
many trials related to neoadjuvant and adjuvant care.
Extent of lymphadenectomy is described for each of the
summarized trials in Zizbles 1 and 2.

An additional focus related to the extent of
lymphadenectomy has been on the number of lymph
nodes examined. A large study from Korea demonstrated
that evaluating <15 lymph nodes correlated with shorter
survival for patients with T1 tumors, and for those without
positive lymph nodes (46). This effect was strongest on
male patients >60 years old. There was not an association
with OS for the entire cohort, however, 42% of patients
in this study had T1 tumors. Conversely, a study out of
China found that survival was only significantly improved
for patients with T2-T4 disease who had >15 lymph nodes
evaluated, and that this was less important for T1 tumors,
given that 5-year survival was 97% in the T'1 group (49).
Another large study out of China determined that >22 lymph
nodes was most important specifically for survival in
patients with N3+ disease, reporting 5-year OS of 30% vs.
22% in N3a disease, and 13% vs. 0% in N3b disease (50).
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Recovery of >15 lymph nodes were adequate for all other
nodal stages in this report. The largest analysis on this
topic combined a Korean and US database, and found
that survival was significantly improved for all stages
when >29 lymph nodes were examined (37). This was due
to stage migration, wherein patients who had fewer lymph
nodes examined exhibited outcomes similar to the next
highest stage who had an adequate lymphadenectomy (37).

Given the heterogeneity of the results, it is difficult
to derive firm conclusions regarding the number of
lymph nodes required for optimal lymphadenectomy. It
is our practice, as recommended now almost universally,
to perform a D2 lymphadenectomy in locoregionally
advanced patients undergoing gastrectomy with curative
intent. Cadaver studies in patients without gastric cancer
demonstrated that 17-44 lymph nodes are expected for a
D2 lymphadenectomy (51). Studies have shown that lymph
node recovery varies by hospital, surgeon, and pathology
technician (52), and that lymph node yield increases when
the surgeon performs an ex-vivo dissection (as opposed to
sending lymph nodes en bloc with the specimen) (53). For
this reason, we separate lymph nodes from the gastrectomy
specimen prior to submitting them to pathology, and ask
our pathologists to evaluate for as many lymph nodes as
possible, with a goal of 29 or more.

What is next?—immunotherapies and targeted
therapies

The next frontier for the treatment of locally advanced
gastric cancer is with agents that are targeted to specific
proteins expressed by tumors, and agents that can modulate
the body’s own immune system to target and kill cancer
cells. Recent studies have shown that microsatellite
instability within tumors is associated with immune
checkpoint proteins enabling these tumors to survive (54).
Further, drugs that block immune checkpoint proteins have
shown positive effects in patients with high microsatellite
instability tumors (55). A secondary post-hoc analysis of
the MAGIC trial examined patients for microsatellite
instability and mismatch repair protein deficiency, and
found that 8.5% of patients with gastric cancer had high
microsatellite instability, and 5.2% had a mismatch repair
protein deficiency. These patients had significantly inferior
responses to chemotherapy, and actually had longer survival
when treated with surgery alone (56). The CLASSIC
trial also had similar results, showing no survival benefit
to adjuvant chemotherapy in the high microsatellite
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instability group (57). Based on these findings, there are
now a number of active clinical trials examining the role of
immunotherapeutic drugs in the peri-operative and adjuvant
treatment of locally AGC, including the Checkmate 577,
KEYNOTE 585, and ATTRACTION-05 trials.

It is also known that ~20% of gastric cancers will have
over-expression of the HER2 receptor, which can be
targeted using anti-HER2 antibodies, including trastuzumab
and pertuzumab (58). The ToGA trial evaluated the effect
of trastuzumab in addition to chemotherapy (capecitabine
plus cisplatin or fluorouracil plus cisplatin) on patients with
advanced gastric cancer and tumors that stained strongly
for HER2 or who were FISH positive (59). Addition of
trastuzumab significantly increased OS, with similar side
effects compared to the control group. Following this study,
trastuzumab was tested with FLOT for locally advanced
esophagogastric cancer on a small scale, and was shown
to be safe (60). There PETRARCA clinical trial is also
evaluating the combination of pertuzumab and trastuzumab
with FLO'T for peri-operative treatment in locally advanced
patients. Results of these trials will further clarify the
optimal multimodal treatment for these patients.

Conclusions

The management of patients with locally AGC is
multimodal and complex. The timing and extent of
surgery for locoregional control of AGC is becoming
ever more critical in optimizing patient outcome with
improving effectiveness of systemic treatments. As
clinical trials continue to clarify and guide the roles of
chemotherapy, radiation therapy, targeted molecular agents,
and immunotherapies, we expect that timing and extent
of curative resection to evolve. While interpretation of
data and implementation of standardized gastric cancer
care are complicated by geographic differences in patient
factors, tumor characteristics, hospital volume, and practice
patterns; the longstanding international collaborations
amongst the gastric cancer care physician and surgeon
communities promise to narrow the gap in the disparate
outcomes in gastric cancer In the meantime, a locally AGC
patient is likely to benefit most from an individualized
multimodal treatment plan derived from studies that include
similar patients.
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