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Abstract 

Multimodality is the standard of care in gastric cancer but surgery remains the mainstay of curative treatment. As we 
are heading towards a more conservative approach for functional preservation without compromising oncological 
outcomes in all malignancies, the guidelines keeps changing based on various studies.

The extent of surgery used to vary between the east and west, with the east performing more radical surgery and the 
west more reliant on multimodality therapy. This practice has been changing in the recent times.

In this article we have reviewed how the treatment protocols of gastric cancer has evolved and modified, highlighting 
the practice changing trials.
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Main text
Introduction
Gastric cancer is the fifth most common cancer world-
wide and the third most common cause of cancer related 
death [1]. Countries with high incidence such as South 
Korea and Japan with a screening program for its citizens 
has lead to early diagnosis and improved gastric cancer 
survival, whereas the survival rates in west and in india 
remains low as most of the cases present in advanced 
stage.

Multimodality is the standard of care in gastric cancer 
but surgery remains the mainstay of curative treatment. 
As we are heading towards a more conservative approach 
for functional preservation without compromising onco-
logical outcomes in all malignancies, the guidelines keeps 
changing based on various studies. In this article we have 
reviewed how the treatment of gastric cancer has evolved 
and modified highlighting some practice changing trials.

Surgical management of gastric cancer
In gastric adenocarcinoma limited to the mucosa (T1a), 
due to the development of imaging techniques such as 
EUS, and better characterisation in clinical staging, organ 
preservation can be possible with EMR/ESD, thus avoid-
ing gastrectomy. Sentinel lymph node (SLN) navigation 
surgery in addressing the regional lymph node is still 
controversial.

In T1b-T4 tumours, a distal, subtotal or total gastrec-
tomy with adequate lymph node dissection (D2) is the 
standard practice.

A	 Extent of lymph node dissection

Adequate nodal dissection of peri gastric lymph nodes 
and lymph nodes along major vessels is important for 
staging and prognosticating the disease. In the AJCC 8th 
edition it is suggested at least 16 regional lymph nodes to 
be removed for pathological staging but removal of more 
than 30 lymph nodes is desirable. So different RCT’s 
studies on the extent of lymph node dissection.

	 I	 D1 versus D2 lymphadenectomy:
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Both the Dutch (1995, n = 996) [2]and MRC (1996, 
n = 737) [3] trial, the first western trials comparing D1 
and D2 lymphadenectomy, failed to show a survival 
benefit from D2 lymphadenectomy on 5 year follow up. 
The participating surgeons were not adequately trained 
and the post operative complications were significantly 
high due to higher rates of splenectomy and distal pan-
createctomy which was then recommended as a part of 
D2 lymphadenectomy by the Japanese guidelines except 
for antral cancers.

However, a 15 year follow up from the Dutch trial 
showed overall survival was higher in D2 group com-
pared with D1 (29% vs 21%, p = 0.34) which was not 
statistically significant. However, gastric-cancer-related 
death was significantly higher in the D1 group com-
pared with the D2 group (48% vs 37%, HR 0·74 for D2 
vs D1, 95% CI 0·59–0·93, p = 0·01), Local recurrence 
was 22% in the D1 group versus 12% in D2, and regional 
recurrence was 19% in D1 versus 13% in D2 [4].

A subsequent study by the Italian gastric cancer study 
group (2010, n = 267) showed that D2 lymphadenec-
tomy can be safely performed avoiding splenectomy and 
distal pancreatectomy in majority of patients [5]

	 II	 D1 versus D3 lymphadenectomy:

A single centre RCT from Taiwan (2006, n = 335) [6] is 
the only trial showing survival benefit from an extended 
lymph node dissection (N1-N3). Five year overall sur-
vival was significantly better in D3 group compared to D1 
group (59.5% vs 53.6%) difference between groups 5.9%, 
p = 0.04.

	III	 D2 versus PAND lymphadenectomy:

The Japanese RCT by Sasako et al. (JCOG 9501, 2009, 
n = 523) [7] proved that an extended lymphadenectomy 
more than D2 does not add any survival benefit in gas-
tric cancer. The five year overall survival was 70.3% in 
the D2 lymphadenectomy plus PAND arm, whereas 
it was 69.2% in arm assigned to D2 lymphadenec-
tomy alone (p = 0.85). The recurrence free survival was 
also not significantly different between the two arms. 
(p = 0.56).

Hence NCCN guidelines recommends that a D2 lym-
phadenectomy is the standard in curative resections in 
gastric cancer.

B	 Bursectomyversus no bursectomy

Bursectomy for distal tumours is routinely practiced by 
many surgeons worldwide. The meta analysis by Marano 
et  al. (2018, n-1340) [8] showed significant overall sur-
vival in serosa positive cases with bursectomy, pooled 
HR = 0.72, 95% CI 0.73–0.99 (p < 0.05).

However, the RCT from Japan, JCOG 1001 (n = 1503) 
[9] trial published in 2018 showed that bursectomy 
does not add a survival benefit in cT3/T4a patients. Five 
year overall survival was 76.9% in the group assigned 
to bursectomy and 76.7% in the non-bursectomy group 
(p = 0.65). The burectomy group had a significantly more 
common incidence of pancratic fistula, 29% vs 15%, 
p = 0.032.

	III	 Splenectomy versus no splenectomy

Splenic hilar nodes(station 10) removal usually requires 
splenectomy. The RCT by Sano et al. (JCOG 0110, 2017, 
n = 505) [10] compared routine splenectomy with station 
10 removal in total gastrectomy versus no splenectomy. 
The five year overall survival was 75.1% in splenectomy 
group and 76.4% in the spleen preservation group. HR 
was 0.88 (90.7% CI 0.67 – 1.16) (< 1.21); Thus, splenic 
preservation was proven to be non-inferior to splenec-
tomy (P 1⁄4 0.025). The trial concluded that splenectomy 
should be avoided unless greater curvature is involved by 
the tumour or gross nodes are present at station 10.

	IV	 Omentectomy versus no omentectomy

As a part of radical D2 gastrectomy, total omentectomy 
is done. Few retrospective studies have reported that 
omentectomy increased post-operative abdominal com-
plications but provided no survival advantage over omen-
tum preservation. JCOG1711, ROAD-GC trial [11] are 
ongoing comparing omentectomy versus omental preser-
vation in cT3 and cT4a gastric cancers.

E	 Laparoscopicversus open gastrectomy

Laparoscopic radical gastrectomy has been proven 
to have equivalent oncological outcomes with the short 
term benefits of laparoscopy in both distal and total gas-
trectomy for early gastric cancers (KLASS 1, JCOG 0912, 
KLASS 03) [12–14].

In locally advanced distal gastric cancer, laparoscopic 
radical distal gastrectomy is safe and effective as shown 
by CLASS 01, KLASS 02 trials [15, 16].

But for total gastrectomy the ongoing JLSSG0901 
trial will make clear the outcomes and benefits of Lapa-
roscopic procedure in locally advanced gastric cancers 
(Table 1.).

Perioperative chemotherapy
Perioperative chemotherapy with ECF 3 cycles before 
and after surgery is routinely practised based on the 
MAGIC trial (2006, n = 503) [17] which showed a 13% 
improvement in 5 year OS which corresponds to a lower-
ing of risk of death by 25%.
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Whether the addition of Bevacizumab, a monoclo-
nal antibody against VEGF, has any additional benefit 
was analysed in the MRC ST03 trial [18]. There was no 
added benefit, but rather complications were higher in 
the bevacizumab group due to impaired wound healing.

However, the newer recommended regimen now 
is FLOT, following the results of FLOT 4-AIO (2019, 
n = 716) trial [19] which showed a significantly better 
median progression free survival (PFS) compared to ECF 
regimen (30 vs 18 months, HR: 0.75; 95% CI: 0.62–0.91, p: 
0.004) and also median overall survival (50 vs 35 months, 
HR: 0.77; 95% CI: 0.63–0.94, p: 0.012). The FLOT regi-
men also resulted in a higher pathological complete 
response rate with similar complication rates.

Adjuvant chemotherapy
If the patient has not received a neoadjuvant chemo-
therapy, stage II or higher will benefit from adjuvant 
chemotherapy as shown by the ACTS-GC trail (2011) 
[20] where adjuvant S1 was used for 1 year. The five year 
overall survival improved from 61.1% (95% CI, 56.8% to 
65.3%) in the surgery-only group to 71.7% (95% CI, 67.8% 

to 75.7%) in the S-1 group. The hazard ratio for death in 
S-1 group in comparison to surgery only group was 0.669 
(95% CI, 0.540 to 0.828) which showed that the risk of 
death was reduced by 33.1% by giving adjuvant S-1. The 
five year recurrence free survival rate improved from 
53.1% to 65.4% with S-1. The Hazard ratio for relapse was 
0.653(95% CI, 0.537 to 0.793), showing that S-1 reduced 
the relapse risk by 34.7%.

In the CLASSIC trial (2012) [21] adjuvant CAPOX 
was analysed which showed a 3 year DFS 74% vs 59%, 
p- < 0.0001 (Table 2.).

Adjuvant chemoradiotherapy
The landmark INT -0116 trial (2000) [22] showed a 
3 year OS benefit of 50 vs 41% p-0.0005, and DFS 48 vs 
31% with adjuvant chemoradiotherapy. Here, post opera-
tive radiation of 45 Gy (1.8 Gy/day, 25#) with bolus FU 
and LV was used. But this trial was criticised because of 
inadequate surgery as D0 lymphadenectomy in 54%, D2 
lymphadenectomy performed only in 10% of cases and 
hence the benefit of radiation was likely due to the inad-
equate surgery.

Table 1  Surgical trials

TRIAL / AUTHOR PURPOSE RESULT

Dutch, Bonenkamp et al D1 VS D2 lymphadenectomy Gastric cancer related death, 
Locoregional recurrence lower 
in D2

MRC, A Cushieri et al D1 VS D2 lymphadenectomy D2 has no survival benefit over D1

Italian gastric cancer study group, 
Degiuli et al

D1 VS D2 lymphadenectomy D2 Lymphadenectomy can be 
safely performed comparable to D1

Wu et al. (Taiwan) D1 VS D3 lymphadenectomy D3 group has better overall survival

JCOG 9501, Fujimura D2 versus PAND lymphadenectomy No benefit of PAND

Marano et al Bursectomy versus no bursectomy Better Overall survival

JCOG1001, Kurokawa et al Bursectomy versus no bursectomy No benefit

JCOG 0110, Sano T et al Splenectomy versus no splenectomy No benefit of routine splenectomy

JCOG 1711, ROAD -GC, Sato et al Omentectomy versus no omentectomy Ongoing

KLASS 01, CLASS 02, JCOG 0912 Laparoscopy versus Open distal gastrectomy (Early stage) equivalent oncological outcomes

KLASS03, Hyung et al Laparoscopy versus Open total gastrectomy (Stage I) equivalent oncological outcomes

KLASS 02, CLASS 01 Laparoscopy versus Open distal gastrectomy (Locally advanced)) equivalent oncological outcomes

JLSSG0901, katai et al Laparoscopy versus Open total gastrectomy (Locally advanced) Ongoing

Table 2  Neoadjuvant/ Adjuvant Chemotherapy trials

TRIAL / AUTHOR PURPOSE RESULT

MAGIC/ Cunningham et al., 2006 ECF + surgery vs Surgery alone Improved Overall survival

MRC ST03 trial/ Cunningham et al., 2017 ECF + Bevacizumab vs ECF No benefit

FLOT 4-AIO/ Al-Batran et al., 2019 FLOT vs ECF/ECX Improved Median survival

ACTS-GC/ Sasako et al., 2011 Surgery + S1 vs Surgery Improved Overall survival

CLASSIC/ Bang et al., 2012 Surgery + CAPOX vs Surgery Better DFS
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The subsequent ARTIST trial (2012) [23] showed no 
survival benefit after chemoradiation following D2 lym-
phadenectomy but a subgroup analysis showed DFS ben-
efit only in node positive patients ( 77.5 vs 72.3 p-0.0365) 
which lead to the ARTIST II trial (2019) [24] that 
included only pathological node positive patients fol-
lowing D2 gastrectomy. The Interim results of the ART-
IST II trial showed no benefit of adding radiotherapy to 
chemotherapy even in node positive patients. (HR 0.971; 
P—0.879).

The CRITICS trial (2018) [25] also concluded that 
there is no benefit of in addition of radiotherapy in 
patients receiving perioperative chemotherapy. The 
median OS was 43 months (95% CI 31–57) in the chemo-
therapy arm and 37 months (30–48) in the Chemoradio-
therapy arm (hazard ratio from stratified analysis 1·01 
(95% CI 0·84–1·22; p = 0·90).

NCCN recommends adjuvant chemotherapy after D2 
gastrectomy, however post-operative chemoradiation 
remains treatment of choice for patients with D1 or D0 
lymph node dissection.

Neoadjuvant chemoradiotherapy
The ongoing CRTICS II [26] and TOPGEAR [27] trials 
are analysing the benefit and feasibility of neoadjuvant 
chemoradiotherapy in gastric cancer. At present there is 
no role (Table 3).

Conclusions
Although the multidisciplinary management of Carci-
noma Stomach has evolved over time, the clinical prac-
tice varies between the east and west and in between 
institutions. At present, the recommendations for cura-
tive surgery is a total, subtotal or distal gastrectomy with 
a D2 lymphadenectomy with a goal to examine 16 or 
greater nodes.

If initial staging is cT2 or higher, any N then perio-
perative chemotherapy is preferred. If the patient 
has not received preoperative therapy, then adjuvant 

chemotherapy for pT2, N + tumours and Adjuvant 
Chemoradiation for R1 and R2 resection and those 
who underwent less than a D2 lymph node dissection. 
Future studies are aimed at combining targeted and 
immune therapies with cytotoxic chemotherapy.
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Table 3  Neoadjuvant/ Adjuvant Chemoradiotherapy

TRIAL / AUTHOR PURPOSE RESULT

INT -0116/ Macdonald, JS et al., 2001 Surgery + FL + RT vs Surgery Better overall survival

ARTIST/ Park SH et al., 2015 XP + RT vs XP No benefit of adding RT 
except in node positive 
disease

CRITICS/ Cats et al., 2018 Pre ECX (EOX) + Post RT + XP vs Peri ECX (EOX) No benefit of adding RT

ARTIST-2/ Park SH et al., 2019 SOX + RT + S-1 vs SOX vs S-1 No benefit of Adding 
adjuvant RT even in 
node positive patients

CRITICS -2/ Slagter AE et al DOC vs DOC + RT vs RT (All neoadjuvant) Ongoing

TOPGEAR/ Leong et al Pre and Post op ECF vs Pre ECF + RT + Post ECF Ongoing
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