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Gastric cancer
Eric Van Cutsem, Xavier Sagaert, Baki Topal, Karin Haustermans, Hans Prenen

Gastric cancer is one of the leading causes of cancer-related death worldwide. Many patients have inoperable disease  
at diagnosis or have recurrent disease after resection with curative intent. Gastric cancer is separated anatomically 
into true gastric adenocarcinomas and gastro-oesophageal-junction adenocarcinomas, and histologically into diff use 
and intestinal types. Gastric cancer should be treated by teams of experts from diff erent disciplines. Surgery is the 
only curative treatment. For locally advanced disease, adjuvant or neoadjuvant therapy is usually implemented in 
combination with surgery. In metastatic disease, outcomes are poor, with median survival being around 1 year. 
Targeted therapies, such as trastuzumab, an antibody against HER2 (also known as ERBB2), and the VEGFR-2 
antibody ramucirumab, have been introduced. In this Seminar, we present an update of the causes, classifi cation, 
diagnosis, and treatment of gastric cancer.

Introduction
Gastric cancer is an important health problem, being the 
fourth most common cancer and the second leading 
cause of cancer death worldwide. More than 950 000 new 
diagnoses are made every year. An estimated 
720 000 patients died from gastric cancer in 2012.1 Gastric 
cancer is separated anatomically into true gastric adeno-
carcinomas (non-cardia gastric cancers), of which there 
were 691 000 new cases in 2012, and gastro-oesophageal-
junction adenocarcinomas (cardia gastric cancers), of 
which there were 260 000 new cases in that year.2 Despite 
a decline in incidence and mortality and despite 
important advances in the understanding of the 
epidemiology, pathology, molecular mechanisms, and 
therapeutic options and strategies, the burden remains 
high.

Gastric cancer is a main contributor to the global 
burden of disability-adjusted life-years from cancer in 
men and accounts for 20% of the total worldwide, 
following lung and liver cancers, which, respectively, 
account for 23% and 28%.3 The burden of gastric cancer 
remains very high in Asia, Latin America, and central and 
eastern Europe, whereas in North America and most 
western European countries, it is no longer a common 
cancer.4 Nevertheless, the decline in the incidence of 
gastric cancer has gradually lessened in some countries, 
particularly the USA. In other countries, such as France, 
mortality is predicted not to decrease further in the 
middle-aged population.4 This slowing of change is 
probably explained by long-term low and stable prevalence 
of Helicobacter pylori infection in these countries.4 By 
contrast, the incidence of gastro-oesophageal-junction 
adenocarcinomas is increasing sharply.5 In this Seminar 

we provide a comprehensive overview of the aetiology, 
pathological features, molecular pathogenesis, diagnosis, 
and treatment of gastric cancer.

Aetiology
H pylori infection is the most important cause of sporadic 
distal gastric cancer.6 During the chronic infl ammation 
induced by H pylori infection and the subsequent 
carcinogenesis, various factors, including bacterial, host, 
and environmental factors, interact to facilitate damage 
repair. Altered cell proliferation, apoptosis, and some 
epigenetic modifi cations to the tumour suppressor genes 
might occur, which could eventually lead to infl ammation-
associated oncogenesis.7 Some patients with persistent 
H pylori infection develop gastric atrophy followed by 
intestinal metaplasia, which might evolve into dysplasia 
and adenocarcinoma.8–13 Whether or not eradication of 
H pylori in the absence of dysplastic or neoplastic tissues 
prevents development of gastric cancer is unresolved.14

Another pathogen associated with gastric cancer is the 
Epstein-Barr virus. This pathogen is found in the 
malignant cells, but not the normal epithelial cells, of 
80% of gastric carcinomas with lymphoid stroma. Its role 
in carcinogenesis, however, remains unclear.15,16

Around 10% of gastric cancer cases are aggregated 
within families.17 Truly hereditary cases are thought to 
account for 1–3% of all gastric cancer. They consist of 
three main syndromes: hereditary diff use gastric cancer, 
gastric adenocarcinoma and proximal polyposis of the 
stomach, and familial intestinal gastric cancer. In 
countries and regions where the incidence of gastric 
cancer is low, most familial cases are probably due to 
heritable pathogenic mutations that increase risk from 
birth. A genetic basis—causative mutations in CDH1—
has been found in only around 40% of families aff ected 
by hereditary diff use gastric cancer. Mutations in 
CTNNA1 have also been identifi ed as a genetic cause of 
hereditary diff use gastric cancer.17 The estimated lifetime 
risk of developing hereditary diff use gastric cancer by age 
80 years is 67% for men and 83% for women.18 The 
lifetime risk of developing breast cancer (mainly the 
lobular type) is increased in women with hereditary 
diff use gastric cancer, up to 20–40% from 10–12%. Total 
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Search strategy and selection criteria

We searched PubMed for articles published in English up to 
April 30, 2015. We used the search terms “gastric cancer”, 
“etiology”, “pathology”, “molecular pathogenesis”, 
“genetics”, “pathophysiology”, “diagnosis”, “chemotherapy”, 
“radiation”, “surgery”, and “targeted agent”. No other 
parameters were applied.  
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gastrectomy is recommended in at-risk family members 
older than 20 years who have a CDH1 mutation, or in 
individuals with a positive biopsy, regardless of age.19 In 
those younger than 20 years with CDH1 mutations and 
those older than 20 years who have elected to delay 
surgery or for whom prophylactic gastrectomy is 
unacceptable, endoscopic surveillance is recom-
mended.20,21 Gastric cancers have been found in people 
with other hereditary cancer syndromes, such as gastric 
adenocarcinoma and proximal polyposis of the stomach 
syndrome,17,22 and in those with mutations in TP53 
(Li-Fraumeni syndrome), APC (familial adenomatous 
polyposis), or STK11 (Peutz-Jeghers syndrome).17

Environmental factors have important causal roles in 
gastric cancer. Low consumption of fruits and vegetables 
and high intake of salts, nitrates, and pickled foods, as 
well as smoking, have been associated with increased 
risk of gastric cancer.23,24 Obesity has also been associated 
with an increased risk of gastric cancer (odds ratio 1⋅22, 
95% CI 1⋅06–1⋅31),25 and gastro-oesophageal refl ux 
disease and obesity have been clearly related to 
gastro-oesophageal-junction adenocarcinoma and 
contribute to the increasing incidence of gastro-
oesophageal-junction cancers.5

Classifi cation
Anatomical
Tumour classifi cation on the basis of anatomical location 
is important because true gastric (non-cardia) and 
gastro-oesophageal-junction cancers (cardia) diff er in 
terms of incidence, geographical distribution, causes, 
clinical disease course, and treatment. Gastro-
oesophageal-junction cancers are widely categorised 
according to the Siewert classifi cation:26 in true 
carcinomas of the cardia (Siewert type II) the tumour 
epicentre is located 1–2 cm below the gastro-oesophageal 
junction; in distal oesophageal adeno carcinomas 
(Siewert type I) and subcardial gastric cancers (Siewert 
type III) the epicentres are located at least 1 cm above or 
at least 2 cm below the gastro-oesophageal junction, 
respectively. Whether Siewert type II and type III 
tumours diff er biologically is unclear.27 The Siewert 
classifi cation, however, has been criticised because it 
includes no specifi c criteria for identifying 
gastro-oesophageal-junction adeno carcinomas. To aid 
correct tumour classifi cation, the TNM classifi cation has 
introduced simplifi ed categories: if the epicentre of the 
tumour is in the distal oesophagus, the 
gastro-oesophageal junction, or within the proximal 
5 cm of the stomach, with the tumour mass extending 
into the gastro-oesophageal junction or distal 
oesophagus, it is classifi ed as an oesophageal carcinoma; 
if the epicentre is within 5 cm of the gastro-oesophageal 
junction but the tumour does not extend into the gastro-
oesophageal junction or oesophagus, or if the epicentre 
is more than 5 cm distal to the gastro-oesophageal 
junction, the tumour is classifi ed as a gastric carcinoma.28

Histological
Most gastric cancers are gastric adenocarcinomas, but 
are highly heterogeneous with respect to architecture 
and growth, cell diff erentiation, histogenesis, and 
molecular pathogenesis. This variety partly explains the 
diversity of histopathological classifi cation schemes. The 
most commonly used are the Lauren29 and WHO30 
schemes. According to the Lauren classifi cation, gastric 
carcinomas are separated into two main histological 
types, diff use and intestinal, in addition to the mixed and 
indeterminate types. Diff use carcinomas are poorly 
diff erentiated and are composed of solitary or poorly 
cohesive tumour cells in the absence of gland formation. 
By contrast, intestinal carcinomas are mostly well to 
moderately diff erentiated and form glandular structures 
reminiscent of colorectal adenocarcinomas, which 
explains the subtype name.

Although the Lauren scheme is simple and robust, the 
WHO classifi cation, which includes fi ve main 
histopathological cancer entities, has the advantage that 
it is in accordance with histological classifi cations of 
cancers in other parts of the gut and improves 
classifi cation harmonisation. The WHO categories are 
based on the predominant histological patterns of the 
carcinoma (tubular, papillary, mucinous, poorly cohesive, 
and rare variants). The prominent feature often coexists 
with less dominant histological elements. The WHO 
tubular and papillary carcinomas roughly correspond to 
the intestinal type described by Lauren, and poorly 
cohesive carcinomas (encompassing cases constituted 
partly or totally by signet ring cells) correspond to the 
Lauren diff use type.31

Molecular
The Cancer Genome Atlas research network has 
published the results of full genomic profi ling of 
295 primary gastric adenocarcinomas.32 Through 
complex statistical analyses, four tumour subgroups 
were identifi ed: positive for Epstein-Barr virus (9%), 
microsatellite unstable tumours (22%), genomically 
stable tumours (20%), and chromosomally unstable 
tumours (50%). Correlation with histological 
characteristics revealed enrichment of the diff use 
subtype in the genomically stable group (73%). Frequency 
of chromosomally unstable tumours was increased in 
gastro-oesophageal-junction adenocarcinomas, and most 
tumours positive for Epstein-Barr virus were located in 
the fundus or body of the stomach. Finally, tumours 
positive for this virus were mostly found in men (81%), 
but predominance of microsatellite unstable tumours 
slightly favoured women (56%).32

Classifi cation of gastric carcinomas based on 
molecular subtypes might be used in the near future to 
determine prognosis and to customise treatment 
(fi gure 1). The molecular features of chromosomally 
unstable and microsatellite unstable tumours are the 
best understood of the subgroups. Chromosomal 
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instability is characterised by DNA aneuploidy, 
structural changes of chromosomes (eg, translocations), 
and mutations in various proto-oncogenes and tumour-
suppressor genes,32,33 and is associated with response to 

cisplatin-based chemotherapy and poor survival.34 
Microsatellite instability is characterised by genomic 
instability due to a defi cient DNA mismatch repair 
system.32 In microsatellite unstable sporadic gastric 
cancer, the mismatch repair defect is most frequently 
caused by an epigenetic event, which is 
hypermethylation in the MLH1 promoter region.35 In 
rare cases, a germline mutation in a mismatch repair 
gene is inherited and causes Lynch syndrome or 
hereditary non-polyposis colorectal cancer syndrome, 
which most often leads to colorectal and endometrial 
cancer, but gastric cancers also arise in up to 10% of 
families.36 Microsatellite unstable gastric cancers 
caused by hypermethylation or mutations are generally 
intestinal type tumours (Lauren classifi cation) with 
antral location, less frequent lymph-node metastasis, 
non-responsiveness to fl uorouracil, and a better 
prognosis than those not located antrally.37–39

Molecular classifi cation based on HER2 (also known 
as ERBB2) status was introduced for gastric cancers 
because of therapeutic implications. HER2, which is a 
member of the human epidermal growth factor receptor 
(EGFR) family of proteins, is a transmembrane tyrosine-
kinase receptor that regulates cell proliferation, 
diff erentiation, and survival.40 12–20% of gastric 
adenocarcinomas are HER2 positive (by gene 
amplifi cation, protein overexpression, or both).41 Some 
studies have reported that HER2-positive status in 
gastric cancer is associated with worsening of prognosis, 
increased aggressiveness of disease, and shortened 
survival,42–46 but others have reported no prognostic value 
for HER2 status.47 The ToGA trial48 showed that 
trastuzumab, a humanised monoclonal antibody against 
HER2, when combined with chemotherapy, was 
associated with extended overall survival and 
progression-free survival in people with HER2-positive 
advanced gastric cancers. HER2 testing, therefore, was 
adopted as a routine test in advanced disease (fi gure 2). 
Gastric carcinomas are defi ned as HER2 positive if the 
immunohistochemical intensity score is 3+ or 2+ with 
positive fl uorescence in-situ hybridisation ([FISH] 
fi gure 3). Only fi ve clustered positive cancer cells in a 
tissue biopsy sample or at least 10% of neoplastic cells 
positive in a surgical resection specimen are needed to 
achieve these scores provided that the immunostaining 
reveals intense complete basolateral or lateral 
membranous positivity. Further classifi cations based on 
molecular alterations are being developed.49–52

Symptoms and diagnosis
Most patients with early-stage gastric cancer are 
asymptomatic and, therefore, diagnosis is frequently 
made when disease is at an advanced stage. The most 
common symptoms at diagnosis are anorexia, dyspepsia, 
weight loss, and abdominal pain. Patients with tumours 
at the gastro-oesophageal junction or proximal stomach 
might also present with dysphagia.

Figure 1: Molecular characterisation of subtypes of gastric carcinomas
CIN=chromosomally unstable tumours. EBV=Epstein-Barr virus-infected tumours. 
CIMP=CpG island methylation phenotype. MSI=microsatellite unstable tumours. 
Reproduced from reference 32 by permission of Nature Publishing Group. 
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Figure 2: Testing algorithm for HER2 status in gastric and 
gastro-oesophageal-junction adenocarcinomas
IHC=immunohistochemistry. FISH=fl uorescence in-situ hybridisation.
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Figure 3: Histological appearance of HER2-positive tumour
(A) Immunohistochemistry intensity score 3+. (B) Amplifi cation of the HER2 gene shown by a red HER2 probe in a 
chromogenic in-situ hybridisation test.
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The diagnosis of gastric cancer relies on endoscopy and 
biopsy. Endoscopic ultrasonography and CT of the chest 
and abdomen are currently the primary means of staging 
for locally advanced gastric cancer. Laparoscopy is used to 
exclude small-volume peritoneal metastatic disease. A 
meta-analysis showed that the sensitivity and specifi city 
of endoscopic ultrasonography could discriminate 
between T1–T2 (superfi cial) and T3–T4 (advanced) gastric 
carcinomas, with sensitivity of 0⋅86 (95% CI 0⋅81–0⋅90).53 
The sensitivity values for diagnosis of superfi cial tumours 
(T1a vs T1b) and lymph node status (positive vs negative) 
were 0⋅87 (0⋅81–0⋅92) and 0⋅83 (0⋅79–0⋅87), 
respectively.53 

PET-CT and MRI are not routinely used for staging in 
gastric cancer, although growing evidence suggests that 
PET-CT could improve staging through increased 
detection of involved lymph nodes and metastatic 
disease. These tests, however, are not always informative, 
especially in patients with mucinous tumours, as they 
might understage the disease.54,55 A role for MRI also 
seems to be emerging, especially for the detection of 
peritoneal metastases. Intraperitoneal metastases are 
common in people with gastric or gastro-oesophageal-
junction carcinomas, and are diffi  cult to diagnose with 
conventional imaging methods.

Laparoscopic staging, with or without peritoneal lavage 
for malignant cells, remains controversial, but expert 
groups recommend this approach in patients with 
potentially curable gastric or gastro-oesophageal-junction 
carcinomas.55,56 Peritoneal lavage showing positive 
cytology, in the absence of macroscopic peritoneal 
metastases, is associated with poor survival and is 
defi ned as metastatic disease.57 Serosal infi ltration is a 
strong indicator of peritoneal carcinomatosis, which 
develops in up to 60% of patients with gastric cancer.58

The TNM classifi cation should be recorded and the 
corresponding stage determined according to the seventh 
edition of the guidelines and staging manual.59,60 Careful 
tumour staging by an experienced team is crucial to 
ensure that appropriate treatment and interventions are 
selected.

Surgical treatment
Adequate surgical resection is the only curative 
therapeutic option for gastric cancer.61,62 Endoscopic 
resection might be suitable as an alternative to surgery 
for small well diff erentiated early-stage tumours (T1a),55,63 
Advances in technology and minimally invasive strategies 
have created new opportunities for surgery in gastric 
cancer. Minimally invasive procedures are associated 
with reduced surgical trauma and immunosuppression 
compared with conventional open surgery and, therefore, 
might improve quality of care as long as the principles of 
surgical oncology are respected.

The extent of surgery is determined by tumour stage, 
diameter, location, and histological type. Adequate surgery 
in the stomach is defi ned as complete resection of the 

primary cancer with tumour-free surgical margins of at 
least 4 cm and adequate lymphadenectomy. In practice, 
these requirements correspond to total gastrectomy for 
gastric cancers with signet-ring cells (linitis plastica), and 
those located in the upper third of the stomach or with 
atrophic gastritis. Cancer in the lower two-thirds of the 
stomach can often be treated with subtotal gastrectomy. 
Surgery in Japan and east Asia has traditionally been more 
extensive and aggressive than that in other developed 
countries. Although there is no worldwide consensus on 
the degree of lymphadenectomy, D2 lymphadenectomy 
(perigastric [D1] plus coeliac artery and its branches) is 
generally recommended if the associated postoperative 
morbidity and mortality rates are acceptably low—for 
instance, in high-volume hospitals with experienced 
surgeons.64 This approach has contributed to improved 
cure rates in various registries and studies, from 30% to 
up to 55% in the past decade. Other reasons are stage 
migration because of improved methods for staging, 
increased use of adjuvant and neoadjuvant therapies, and 
centralisation of surgery, which has led to improvements 
in postoperative mortality.65 At least 16 lymph nodes 
should be removed to enable adequate tumour staging 
and ensure optimum surgical resection.

Transabdominal total gastrectomy is the standard 
surgical approach to treat patients with Siewert type II or 
III cancer of the gastro-oesophageal junction. The 
procedure is extended with a transhiatal resection of the 
distal oesophagus and lymphadenectomy of the lower 
mediastinum and the abdominal D2 nodal compartment. 
A thoracoabdominal approach in these patients can 
increase the risk of morbidity without improving survival 
and, therefore, is not usually recommended to treat 
cardia (type II) or subcardia (type III) gastric cancers.66

Early gastric cancer is limited to the mucosa or 
submucosa (pathologically staged as T1 or lower), 
regardless of nodal status. Even in early gastric cancer, use 
of a multidisciplinary approach to determine the best 
therapeutic strategy (ie, endoscopic or surgical resection) is 
mandatory because lymph-node metastases occur in up to 
20% of patients and correlate well with tumour penetration 
of the stomach wall and large tumour diameter.67,68 
Endoscopic versus surgical management of early gastric 
cancer has not been studied in randomised clinical trials, 
but surgical resection is viewed as the gold standard and is 
associated with 5-year recurrence-free survival of up to 
98%.69 For patients with early disease and suspected or 
histologically proven lymph-node metastasis, endoscopic 
resection should not be attempted. For mucosal gastric 
carcinoma (T1a), endoscopic resection is deemed suffi  cient 
in all European guidelines because the incidence of lymph-
node metastatic disease is very low.63,68 If the histo-
pathological fi ndings confi rm a submucosal carcinoma 
(T1b) after endoscopic resection, surgical resection that 
includes systematic lymphadenectomy has to be done, 
because lymph-node involvement is seen in up to 20% of 
these patients. Endoscopic resection of early gastric cancer 
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should be done as a complete en-bloc resection to allow 
full histological assessment of the lateral and basal 
margins.63 Patients who have endoscopic resection should 
be monitored frequently by endoscopic surveillance.

Most patients with locally advanced gastric cancer, 
which invades the muscularis propria and beyond 
(pathologically staged as T2 or higher), present with 
metastases in lymph nodes, distant organs, or both. 
Locally advanced gastric cancer might need en-
bloc resection of involved structures. Prophylactic 
splenectomy is discouraged because it increases the risk 
of operative morbidity and mortality without any survival 
benefi t, but might be necessary if the spleen or its hilar 
lymph nodes are aff ected.70 Only patients without 
metastatic disease are potential candidates for surgical 
management with curative intent, although selected 
patients with peritoneal carcinomatosis or positive 
peritoneal cytology might benefi t from aggressive 
surgery in expert centres.71 Several randomised clinical 
trials and cohort studies have addressed the use of 
cytoreductive surgery with hyperthermic intraperitoneal 
chemotherapy for prevention and treatment of peritoneal 
carcinomatosis from gastric cancer. A systematic review 
and meta-analysis of 20 prospective randomised clinical 
trials involving 2145 patients suggested that cytoreductive 
surgery with hyperthermic intraperitoneal chemotherapy 
was associated with improved overall survival at 1, 2, and 
3 years, but not at 5 years.71 Most of the trials, however, 
did not fulfi l high-quality standards. With modern 
combination systemic chemotherapy regimens and 
biological agents, well designed randomised clinical 
trials with robust methods are needed to confi rm the 
potential benefi ts of this approach.

Over the past decade, minimally invasive surgery by 
laparoscopy has gained widespread acceptance in 
surgical oncology. The procedure seems to be feasible 
and safe and can represent an alternative to treat early 
and advanced gastric cancers in expert centres. A 
meta-analysis and systematic review72 of studies with 
3411 patients showed that laparoscopic distal gastrectomy 
compared with open surgery was associated with similar 
lymph-node dissection and long-term survival and with 
reduced intraoperative blood loss, postoperative 
complications, analgesic consumption, and length of 
hospital stay. Another meta-analysis73 of data from 
1819 patients in ten eligible studies showed similar 
overall and disease-free survival for laparoscopic and 
open gastrectomy in expert centres. Laparoscopic 
gastrectomy was also associated with similar lymph-node 
dissection and reduced intraoperative blood loss, 
postoperative complications, and length of hospital stay. 
However, because of potential study biases and notable 
heterogeneity between studies assessing short-term and 
long-term outcome measures in gastric cancer, data from 
well designed randomised clinical trials with robust 
methods should be awaited before laparoscopic 
gastrectomy is implemented in daily clinical practice.

Management of locally advanced disease
Adjuvant and neoadjuvant therapies are generally 
accepted to improve disease-free survival and overall 
survival in patients who have undergone adequate 
complete surgical resection (R0) of locally advanced 
gastric cancer by eradicating microscopic disease 
locoregionally and at a distance from the primary tumour. 
5-year overall survival is increased by 10–15% with the 
addition of these treatments, but there is no global 
consensus about the optimum strategy. Perioperative 
chemotherapy additional to R0 is the most popular 
strategy in Europe, whereas in the USA it is postoperative 
chemoradiotherapy, and in Asia it is postoperative 
chemotherapy.61,62 Adjuvant and neoadjuvant therapies 
are generally recommended for patients with T3, T4, or 
node-positive tumours.

Two European studies have shown improved outcomes 
with perioperative chemotherapy, including fl uoro-
pyrimidine-based and platinum-based chemotherapy, 
and with postoperative chemotherapy. In the MAGIC 
trial,74 treatment with three cycles of the epirubicin, 
cisplatin, and fl uorouracil regimen before and after 
surgery was compared with surgery alone in patients 
with resectable stage II and III gastric cancers. In the 
chemotherapy group, 5-year overall survival was 36%, 
compared with 23% in the surgery alone group. A French 
study75 of perioperative fl uorouracil and cisplatin showed 
similar results. Fluorouracil is frequently replaced by 
capecitabine on the basis of fi ndings from several 
studies, as discussed later in this Seminar. Subgroup 
analyses suggested the largest benefi ts are achieved in 
patients with gastro-oesophageal-junction tumours. 
Potential advantages of preoperative chemotherapy 
include the possibility of reducing tumour size and 
burden, controlling microscopic disease, and increasing 
the likelihood of achieving an R0 resection.

The US 0116 trial76 randomised patients with T3, node-
positive, or both, gastric cancers to undergo surgery 
alone or with postoperative chemoradiation (bolus 
fl uorouracil and leucovorin before, during, and after 
radiotherapy of up to 45 Gy in 1⋅8 Gy fractions). The 
potential advantage of the postoperative treatment is that 
patients are surgically and pathologically staged before it 
is started. The goal of postoperative radiation is to 
eradicate microscopic disease remaining in the surgical 
bed. By adding chemotherapy, malignant cells in the 
irradiated volume are radiosensitised and microscopic 
deposits outside are treated. Adjuvant chemoradiotherapy 
was associated with substantial reductions in overall and 
locoregional relapse. Subset analyses showed robust 
treatment benefi ts in all subgroups except patients with 
diff use histology,77 although this fi nding has been 
criticised, mainly because surgery was suboptimum 
(54% of patients underwent less than D1 dissection).

The ARTIST trial78 in South Korea was done to assess 
the effi  cacy of postoperative chemotherapy with 
capecitabine and cisplatin, with or without radiation to 
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45 Gy, in patients who underwent D2 lymph-node 
dissection. Overall, the addition of radiotherapy to 
chemotherapy did not signifi cantly extend disease-free 
survival or overall survival, but in patients with 
pathologically proven lymph-node metastasis, disease-
free survival was longer in those who received 
chemoradiation than in those who received chemotherapy 
alone (estimated 3-year disease-free survival 77·5% vs 
72·3%, p=0·0365). The ARTIST-II trial is underway and 
is randomising patients with lymph-node-positive gastric 
cancer to receive postoperative chemotherapy or chemo-
radiation (NCT01761461). In the CRITICS study, being 
done in Europe, all patients with stage Ib–IVa non-
metastatic gastric cancer are being assigned to receive 
preoperative chemotherapy followed by at least a 
D1 resection, then random assignment to postoperative 
chemotherapy or chemoradiotherapy (NCT00407186).

Asian studies have shown traditionally larger benefi ts 
from an adjuvant chemotherapy than have those in 
developed countries. The Japanese ACTS-GC trial79 
showed a survival benefi t with the oral fl uoropyrimidine 
derivative S-1 after D2 resection, and the Korean 
CLASSIC trial80 showed improved overall survival and 
disease-free survival with postoperative combined 
capecitabine and oxaliplatin. Moreover, although most 
other randomised studies showed no signifi cant benefi t 
in overall survival with adjuvant chemotherapy, a large 
meta-analysis confi rmed a 6% absolute survival benefi t 
with fl uorouracil-based postoperative chemotherapy 
compared with surgery alone in all subgroups assessed.81

Preoperative chemoradiotherapy is frequently used in 
patients with oesophageal and gastro-oesophageal-
junction tumours, although results from randomised 
trials of preoperative chemoradiotherapy in gastric cancer 
are not yet available. Preoperative chemoradiation has 
clear potential advantages. Delineation of the target for 
radiation is easier when the tumour is still in place, and 
generally leads to smaller irradiated volumes and thus 
less acute and fewer late toxic eff ects than postoperative 

chemoradiation. Moreover, preoperative treatment leads 
to downstaging and downsizing, which increase the 
possibility of achieving an R0 resection. In theory, the 
tumour bed is better vascularised before than after 
surgery, which increases drug exposure and 
radiosensitivity. The Australian and European TOP GEAR 
phase 2/3 trial is being done to compare perioperative 
chemotherapy with preoperative chemoradiotherapy 
followed by postoperative chemotherapy (NCT01924819).

Management of metastatic disease
The outlook for patients with metastatic gastric cancer is 
very poor, with median survival ranging from 4 months 
when treated only with best supportive care to around 
12 months when treated with combination cytotoxic 
chemotherapy.82–84 Studies have also shown improved 
quality of life. Patients with good performance status 
scores and with organ function should be off ered the 
option to receive systemic chemotherapy for palliation 
and to improve survival.

Several cytotoxic agents are active against gastric 
cancer: fl uoropyrimidines (fl uorouracil, capecitabine, 
and S-1), platinums (cisplatin and oxaliplatin), taxanes 
(paclitaxel, docetaxel), the anthracycline epirubicin, and 
the topoisomerase inhibitor irinotecan. When used alone 
these agents elicit poor responses, with the greatest 
being with fl uoropyrimidines (20–40% in older 
studies),82–85 taxanes (20%),86,87 and irinotecan (20%).88 
Only a few randomised trials have compared these drugs 
alone (mostly fl uorouracil) with combination regimens. 
Separately the studies showed no or small diff erences in 
survival,82,89–93 but a Cochrane meta-analysis82 indicated a 
signifi cant survival benefi t in favour of combination 
chemotherapy (median survival 8⋅3 vs 6⋅7 months).

Table 1 summarises a selection of landmark trials for 
combination chemotherapy in metastatic gastric cancer. 
In the early 1980s combined fl uorouracil, doxorubicin, 
and mitomycin was a standard regimen.94 In 1991, a 
randomised phase 3 study95 showed improved survival 

Treatment regimen Number of 
patients

Proportion with 
response to treatment

Overall survival (months)

MacDonald et al, 198094 Fluorouracil, doxorubicin, and mitomycin 62 42% 5·5

Wils et al, 199195 Fluorouracil, adriamycin, and mitomycin vs 
fl uorouracil, adriamycin, and methotrexate

79 vs 81 9% vs 41% 6·7 vs 9·7

Webb et al, 199796 Epirubicin, cisplatin, and fl uorouracil vs fl uorouracil, 
adriamycin, and methotrexate

111 vs 108 45% vs 21% 8·9 vs 5·7

Van Cutsem et al, 200697 Cisplatin and fl uorouracil vs docetaxel, cisplatin, and 
fl uorouracil

133 vs 137 24% vs 24% 8·2 vs 9·6

Cunningham et al, 200898 Epirubicin, cisplatin, and fl uorouracil vs epirubicin, 
cisplatin, and capecitabine vs epirubicin, oxaliplatin, 
and fl uorouracil vs epirubicin, oxaliplatin, and 
capecitabine

263 vs 250 vs 245 
vs 244

41% vs 46% vs 42% vs 
48%

9·9 vs 9·9 vs 9·3 vs 11·2

Al-Batran et al, 200899 Fluorouracil, leucovorin, and cisplatin vs fl uorouracil, 
leucovorin, and oxaliplatin

108 vs 112 25% vs 35% 8·8 vs 10·7

Ajani et al, 2010100 Cisplatin and fl uorouracil vs cisplatin and S-1 526 vs 527 32% vs 29% 7·9 vs 8·6

Table 1: Landmark phase 3 trials of fi rst-line cytotoxic chemotherapy regimens for advanced or metastatic gastric cancer 
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with combined fl uorouracil, doxorubicin, and 
methotrexate compared with fl uorouracil, doxorubicin, 
and mitomycin (10⋅5 vs 7⋅3 months). This regimen 
became a reference regimen until further increased 
overall survival was shown with the epirubicin, cisplatin, 
and fl uorouracil regimen (8⋅9 vs 5⋅7 months).96 
Epirubicin-containing regimens are still used in some 
countries as reference regimens, although the 
importance of adding epirubicin has become 
controversial. The Cochrane meta-analysis82 suggests a 
role for epirubicin, whereas the meta-analysis of the 
GASTRIC group,101 which was based on data from 
individual patients, showed no role for epirubicin in 
combination with a fl uoropyrimidine and a platinum.

Improved overall survival was reported for the 
combination of docetaxel plus cisplatin and fl uorouracil 
compared with cisplatin and fl uorouracil alone (table 1).97 
Although the frequency of toxic eff ects was higher with 
the triplet regimen, this schedule off ered a non-surgical 
fi rst-line treatment option for patients with good 
performance status scores and with organ function. 
Various modifi ed docetaxel, cisplatin, and fl uorouracil 
regimens have also been proposed for metastatic and 
recurrent gastric cancers.102 The randomised phase 3 
REAL2 trial98 used a two-by-two design to investigate an 
epirubicin-based regimen in which capecitabine was 
substituted for fl uorouracil and oxaliplatin was substituted 
for cisplatin, and revealed no diff erences from epirubicin, 
cisplatin, and fl uorouracil in overall survival, progression-
free survival, or response between the four regimens. 
Another phase 3 trial confi rmed that cisplatin can be 
substituted by oxaliplatin with comparing fl uorouracil, 
leucovorin, and oxaliplatin with fl uorouracil, leucovorin, 
and cisplatin.99 Therefore, oxaliplatin and capecitabine are 
suitable alternatives to cisplatin and fl uorouracil.

S-1 is an oral combination fl uoropyrimidine that is 
most widely used in Asia. It includes tegafur, (a prodrug 
of fl uorouracil), gimeracil (an inhibitor of dihydro-
pyrimidine dehydrogenase), and oteracil (an inhibitor of 
phosphorylation of intestinal fl uorouracil). The double 
inhibition leads to increased concentrations of cytostatic 
drugs in serum and tumour tissues.103 The SPIRITS 
trial90 assessed S-1 alone and in combination with 
cisplatin, and showed extended overall survival with the 
combination regimen (13 vs 11 months). Subsequently, a 
large study across various countries was done in which 
more than 1000 patients were randomly assigned to 
receive cisplatin plus fl uorouracil or S-1.100 Overall 
survival did not diff er between groups, and the 
combination with S-1 had a more favourable side-eff ect 
profi le, although this improvement might have been 
related to lower cisplatin dose intensity in the S-1 group 
than in the fl uorouracil group (93⋅3% vs 98⋅0%).

Irinotecan is active against metastatic gastric cancer, 
but is not approved for use in gastric cancer because it is 
not superior to fl uorouracil and cisplatin.104 Several trials 
have assessed irinotecan combined with docetaxel, 

cisplatin, fl uoropyrimidines, or combinations of these 
drugs,93,105–107 but no superiority has been shown in phase 3 
trials for any irinotecan-based schedule over a cisplatin-
based triple regimen.

Chemotherapy as part of second-line treatment can 
improve overall survival, although not substantially. 
Several small non-randomised and a few randomised 
studies108–110 have shown activity against gastric cancer with 
docetaxel, paclitaxel, or irinotecan in second-line therapy. 
In a large Asian phase 3 trial, 109 patients previously treated 
with fl uoropyrimidines and a platinum were randomly 
assigned to receive either best supportive care or 
chemotherapy (docetaxel or irinotecan). Second-line 
chemotherapy was associated with a median improvement 
of 1⋅5 months in overall survival (5⋅3 vs 3⋅8 months). In 
an English trial, 110 a similar benefi t was seen for overall 
survival as well as a clinical benefi t.

The overall survival in trials from east Asia is usually 
slightly longer than that in developed countries. This 
diff erence might be because patients in east Asia are 
treated with later lines of chemotherapy more frequently, 
possibly because of lower tumour burden owing to 
earlier diagnosis. Evidence that molecular characteristics 
also contribute to this diff erence is increasing, but has 
been not been shown defi nitively and is a topic of con-
tinuing research.

The most frequently used standard fi rst-line 
chemotherapy regimen in metastatic gastric cancer is a 
combination of a fl uoropyrimidine with a platinum, 
although triple regimens including docetaxel might be 
useful in otherwise healthy patients with a high tumour 
burden. Median survival does usually not exceed 1 year.97,98 
In patients with good performance status and organ 
function, second-line treatment with agents that were 
not used in fi rst-line treatments (ie, taxanes or irinotecan) 
can lead to slight survival benefi ts.109,110

Targeted therapies have been introduced for clinical 
use in patients with advanced gastric cancer. Up to 20% 
of gastric tumours overexpress the HER2 receptor,41,48,111 
mostly because of HER2 amplifi cation. The pivotal ToGA 
trial48 was the fi rst randomised, prospective, multicentre 
phase 3 trial to study the effi  cacy of fi rst-line trastuzumab 
(a monoclonal antibody against HER2) in patients with 
HER2-positive advanced gastric or gastro-oesophageal-
junction cancer. Patients were randomly assigned to 
receive standard chemotherapy (cisplatin plus 
fl uorouracil or capecitabine) or chemotherapy plus 
trastuzumab. Of 3665 patients originally screened for 
HER2, 810 (22%) had HER2-positive tumours 
(immunohistochemistry intensity score of 3+ or 2+ and 
HER2:CEP17 ratio ≥2 on FISH). 584 were enrolled and 
received study treatment at least once. Median overall 
survival was 13⋅8 months in the trastuzumab group, 
compared with 11⋅1 months in the chemotherapy group. 
The longest survival (median 16⋅0 months) was seen in 
patients with high HER2 protein overexpression and 
HER2 amplifi cation. On the basis of this study, 
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trastuzumab in combination with cisplatin and a 
fl uoropyrimidine has been approved for fi rst-line 
treatment of advanced HER2-positive gastric and gastro-
oesophageal-junction adenocarcinomas. There are 
currently no data on the second-line use of trastuzumab.

Randomised trials have included assessments of 
antibodies against EGFR in combination with 
chemotherapy, but results have generally shown no 
benefi ts. For instance, the EXPAND trial of cetuximab112 
and the REAL3 trial of panitumumab113 showed no 
benefi ts in patients with metastatic gastric cancer. 
Lapatinib, a tyrosine-kinase inhibitor targeting EGFR 
and HER2, plus paclitaxel showed activity in the second-
line treatment of patients with HER2-positive advanced 
gastric cancer (positive on FISH and with an 
immunohistochemical intensity score of 3+), but did not 
signifi cantly improve overall survival when assessed by 
intention to treat.114

New and promising agents targeting the HER2 receptor 
are under investigation. Pertuzumab and TDM-1 are 
being studied in phase 3 studies in, respectively, fi rst-line 
and second-line treatment of HER2-positive gastric 
adenocarcinoma. Antiangiogenic agents have also been 
investigated as treatments for advanced gastric cancer. 
Bevacizumab, an antibody against vascular endothelial 
growth factor (VEGF), did not improve overall survival 
when used in combination with capecitabine and cisplatin 
compared with placebo in the AVAGAST trial,115 but a 
benefi t was seen in progression-free survival in the entire 
population and in overall survival among patients from 
non-Asian countries.115 VEGF-1 concentrations in plasma 
and tumour neuropilin-1 concentrations are potential 
biomarkers for predicting clinical outcomes in patients 
with advanced gastric cancer treated with bevacizumab.116

Despite the failure of bevacizumab in fi rst-line trials, 
targeting VEGFR-2 with the antibody ramucirumab, 
proved useful in second-line treatment of advanced 
gastric cancer. In the phase 3 REGARD trial,117 patients 
with metastatic gastric cancer progressive after fi rst-line 
chemotherapy that included a fl uoropyrimidine and a 
platinum were randomly assigned to receive 
ramucirumab or placebo plus best supportive care. 
Overall survival was signifi cantly extended in the 
ramucirumab group, with a similar survival benefi t to 
that seen with conventional second-line chemotherapy 
(table 2). The RAINBOW trial118 assessed ramucirumab 
in combination with paclitaxel versus paclitaxel alone for 
second-line treatment of advanced gastric cancer, and 

showed a signifi cantly improved median survival with 
the combined regimen (table 2). With a favourable side-
eff ect profi le compared with cytotoxic chemotherapy, 
treatment with ramucirumab has become a useful option 
in second-line treatment or a reference option in 
combination with paclitaxel in patients with good 
performance status scores and organ function.

Several other biological targeted agents are being or 
have been investigated. Everolimus showed no survival 
benefi t compared with placebo in second-line or third-
line treatment, despite interesting activity in early clinical 
trials.119 The hepatocyte growth factor HGF and its 
receptor, the transmembrane tyrosine kinase cMET, and 
the fi broblast growth factor receptor are among the 
candidate targets for new agents in advanced gastric 
cancer.49,65 Additionally, in view of the new data from the 
Cancer Genome Atlas research network, CD274 
(programmed cell death 1 ligand 1) and PDCD1LG2 
(programmed cell death 1 ligand 2) may serve as 
emerging targets for treatment,32 and initial promising 
results have been reported with pembrolizumab.120

Conclusions
Progress has been made in understanding the 
pathogenesis and the molecular biology of gastric cancer 
and in optimising the available treatment options and 
modalities. However, in the future, the focus should be 
on further unravelling the taxonomy of gastric cancer, 
fi ne-tuning treatment strategies, and developing new 
drugs for patients with advanced gastric cancer. 
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