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Abstract
Over the past half-century, the incidence of gastric cancer in
the United States has steadily declined. Furthermore, with
improvements in detection, staging, and treatment, the overall mortality rate from gastric cancer has similarly decreased.
In spite of these gains, the overall prognosis for patients with
gastric cancer remains poor, with approximately 30% surviving 5 years past their initial diagnosis.The optimal therapeutic
strategy for patients with gastric cancer, particularly those
classified as locally advanced, remains undefined. Although
surgical resection is the mainstay of treatment for nonmetastatic gastric cancers, significant controversy persists over
the role of extended lymphadenectomy. Selecting an ideal
treatment strategy in the neoadjuvant or adjuvant setting is
perhaps even more challenging, as randomized data have
demonstrated benefits to multiple approaches, each with
its own unique set of strengths and weaknesses. Further
complicating matters is a recent epidemiologic shift, reflected
in a higher proportion of tumors located at the gastric cardia
and a higher relative incidence of the diffuse histologic
subtype. Additionally, some existing evidence is extrapolated
from published results of patients with adenocarcinoma of
the esophagus, and many key studies included patients with
cancers of the gastroesophageal junction.
In this article, we review the evidence for the different
treatment paradigms with a particular focus on the role
of radiotherapy. We additionally evaluate the role of
radiotherapy for patients with unresectable or metastatic disease. Finally, we discuss future directions in
gastric cancer management, as well as the evolution of
radiotherapy technique over the past 2 decades, which
have witnessed profound improvements in the ability
to conformally deliver dose. Radiotherapy continues
to play a crucial role for many patients with gastric
cancer in both the curative and palliative settings. Future
research will help clarify its use in the burgeoning era of
immunotherapy and targeted systemic agents.
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Introduction
According to recent estimates, approximately 28,000 new cases of
gastric cancer will be diagnosed in the United States in 2017.1 There
has been a significant downward trend in the overall incidence of
gastric cancer in recent years. The incidence per 100,000 people
decreased from 12 in 1976 to 6.7 in 2013, and it is still declining.2
Gastric cancer mortality rates have also similarly decreased—the
5-year relative survival for all patients has doubled since the mid1970s. Unfortunately, despite these gains, about 70% of patients
diagnosed with this disease will not be alive 5 years post diagnosis.
Even for the subgroup of patients who present with localized disease
without regional lymph node metastasis, the 5-year relative survival
rate is an unsatisfactory 64%. Although great progress has been
made in the management of gastric cancer, there is clear opportunity
for continued improvement.
Worldwide, gastric cancer remains among the most commonly
diagnosed malignancies, although the international annual incidence is also falling.3 The causes of gastric cancer remain multifactorial but perhaps the 2 strongest predisposing factors are infection
with Helicobacter pylori and frequent ingestion of salted or smoked
foods.4 While in Western nations the initial decrease in gastric cancer incidence began in the early to mid-20th century, a comparable
trend has been noted only more recently in endemic areas such as
Japan or South Korea.3 The widespread availability of food refrigeration and the successful treatment of active H. pylori infection have
been identified as key interventions leading to the lower prevalence
of gastric cancers. Nonetheless, although the worldwide per-capita
rates of gastric cancer are decreasing, the overall number of new cases
continues to grow with the increasing worldwide population and the
median age at diagnosis continues to decrease.
In accordance with changes in domestic and worldwide incidence,
shifts in histologic and distribution patterns have also occurred over
the past several decades. The most common intestinal histologic
subtype carries a better prognosis,5 but the diffuse histologic subtype,
which carries a poor prognosis, typically affects younger patients
and does not appear as dependent on environmental factors as does
the intestinal histologic subtype. The diffuse histologic subtype now
represents approximately 20% of gastric cancer diagnoses in recently
reported American studies.6,7 Furthermore, a notable anatomic shift
has occurred: Tumors of the gastric cardia have become more

WWW.AJHO.COM

THE ROLE OF RADIOTHERAPY IN THE MANAGEMENT OF GASTRIC CANCER

prevalent while the incidence of distal tumors has decreased.8 This
trend parallels that seen in esophageal cancer, which may be a significant confluence due to the similar origin and behavior of gastric
cardia tumors when compared with adenocarcinomas of the gastroesophageal junction.9
Historical Management of Gastric Cancer and the Role
of Radiotherapy
The sole proven curative intervention for gastric cancer is radical surgery, although there may be a role for endoscopic mucosal resection
in patients with tumors limited to the lamina propria or muscularis
mucosae without evidence of lymph node involvement.10 Radical
resection of a gastric tumor that is limited to the submucosa can be
curative; however, in patients with deeper tissue invasion or lymph
node metastases, this procedure alone yields poor patient survival
outcomes. Early randomized trials examined surgical techniques used
in the management of gastric cancer in order to clarify the role of
partial versus total gastrectomy. Multiple European studies demonstrated similar outcomes between partial and total gastrectomy for
patients with distal tumors; however, total gastrectomy remains the
standard of care for proximally located tumors.11,12
The role of extended lymphadenectomy in the treatment of gastric
cancer remains controversial, despite a preponderance of data from
large, randomized trials. Surgical lymph node levels are usually
classified by the Japanese Gastric Cancer Association system and are
used to determine the extent of lymphadenectomy needed. Briefly,
removal of stations 1 to 6 (perigastric lymph nodes) is considered a
D1 dissection, whereas removal of stations 7-11 (celiac, common hepatic, and splenic lymph nodes) is considered a D2 dissection. More
extensive lymphadenectomy, including removal of the para-aortic
nodes, has been evaluated in the randomized setting, but it does not
appear to confer a benefit over D2 dissection.13 Furthermore, the
role of D2 resection, while accepted as standard in Japan, remains
controversial in Europe and the United States. Although D1 dissection is associated with less operative morbidity and mortality than a
D2 procedure, 15-year follow-up of patients in a Dutch randomized
trial revealed a significant locoregional recurrence (LRR) benefit to
carrying out the more extensive D2 surgery.14,15 Nonetheless, the high
frequency of local failure and underwhelming patient survival rates
observed in these trials suggest that surgery alone is unacceptable for
all patients except those with early-stage disease.
An early trial from the British Stomach Cancer Group—which randomized patients to observation, adjuvant radiotherapy, or adjuvant
chemotherapy following surgical resection—failed to demonstrate an
overall survival (OS) benefit. Outcomes were generally discouraging;
patient 5-year OS was only about 17% in any treatment group.16
However, there was a large reduction in LRR with the addition of
adjuvant therapy to surgery. Radiotherapy in particular decreased the
LRR from 27% to just 10%, suggesting that a more comprehensive
treatment approach might yield better outcomes. An additional randomized trial carried out in China evaluated the role of neoadjuvant
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radiotherapy prior to radical resection for adenocarcinoma of the
gastric cardia.17 In this study, patients either underwent surgery alone
or received a preoperative dose of 40 gray (Gy) to the gastric cardia,
gastroesophageal junction, and limited regional lymph nodes. A
significant OS advantage (absolute risk reduction of approximately
10% at 5 years) was noted in the group receiving the neoadjuvant
radiotherapy. The role of neoadjuvant radiation therapy, a strategy
successfully applied to the management of other gastrointestinal
cancers, is being further evaluated in ongoing clinical trials.
The Role of Radiotherapy in the Adjuvant Setting
The benefits of adjuvant radiotherapy in the management of gastric
cancer became more clearly defined in 2001 after the publication
of the landmark Intergroup 0116 trial.18,19 Eligible patients had at
least stage Ib adenocarcinoma of the stomach or gastroesophageal
junction using the 3rd edition American Joint Committee on Cancer (AJCC) staging manual, although the majority of tumors were
located in the distal stomach, were stage T3 or T4, and had associated nodal disease at diagnosis. Patients were randomized to undergo
observation or adjuvant chemoradiotherapy following surgical
resection. Chemotherapy consisted of 5 cycles of bolus 5-fluorouracil
(5-FU) with leucovorin, and radiation therapy entailed delivery of a
45 Gy dose to the tumor bed and regional lymph nodes, primarily
using opposed anterior and posterior fields concurrently with the
second and third cycles of chemotherapy.
OS following adjuvant chemoradiotherapy was markedly
improved: a median OS of 36 months was achieved in patients
receiving adjuvant therapy compared with 27 months in those who
underwent surgery alone. Additionally, the local failure rate (2% vs
8%) and regional failure rate (22% vs 39%) were better following
adjuvant chemoradiotherapy. Distant metastatic disease rates were
similar between the 2 arms: 16% following chemoradiotherapy plus
surgery and 18% following surgery alone. These data confirm the
benefit of adjuvant chemoradiotherapy in the postoperative setting, particularly in node-positive patients who receive no neoadjuvant therapy.
Despite these positive findings, several criticisms have been leveled
against this trial. As expected, toxicity rates were significantly higher
in patients undergoing chemoradiotherapy. Thirty-three percent of
patients in the chemoradiotherapy arm suffered from grade 4 acute
toxicity, and 4 treatment-related deaths were observed (secondary to
cardiac toxicity, neutropenic sepsis, pulmonary fibrosis, and central
line–associated fungemia). Although certainly concerning, these
effects can likely be minimized by using modern chemotherapy
delivery and radiotherapy techniques. Extrapolating from experience
in rectal adenocarcinoma and nonrandomized gastric cancer studies,
the use of either continuously infused 5-FU or oral capecitabine in
lieu of bolus 5-FU is associated with less toxicity and likely achieves
equivalent outcomes.20,21 Moreover, the delivery of radiotherapy
has undergone several technological revolutions since this trial was
carried out. Perhaps most significantly, highly conformal radiotherapy techniques, such as intensity-modulated radiotherapy (IMRT),
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have been introduced. A comprehensive discussion of advances in
radiotherapy techniques and their applicability to gastric cancer is
addressed later in this review.
The limited extent of lymph node dissection performed in most
patients enrolled in the Intergroup 0116 trial has been a source of
considerable criticism. Although a full D2 lymph node dissection
was recommended by the investigators, only 10% of enrolled patients underwent this procedure. Furthermore, only 36% of patients
underwent a D1 resection, while the remaining 54% of patients
were treated with a D0 resection. Given the high rate of lymph node
involvement, many have argued that chemoradiotherapy may have
compensated for suboptimal lymph node dissection and may be
unnecessary in patients who undergo more extensive surgery.
To address this shortcoming, the Korean randomized phase III
ARTIST trial evaluated adjuvant chemoradiotherapy in patients with
pathologic AJCC seventh edition stage IB-IIIC who had undergone
R0 resection with full D2 lymphadenectomy.22 Previous studies
carried out in Japan and Korea, the Capecitabine and Oxaliplatin
Adjuvant Study in Stomach Cancer (CLASSIC) and Adjuvant
Chemotherapy Trial of TS-1 for Gastric Cancer (ACTS-GC) trials,
respectively, demonstrated an OS benefit following the addition of
adjuvant chemotherapy to more thorough surgical resection. In the
investigational arm of the ARTIST trial, patients received 2 cycles of
capecitabine and cisplatin together (XP) prior to chemoradiotherapy
with capecitabine, followed by another 2 cycles of XP. The XP-only
group was chosen as the control arm. The median follow-up was 5
years, after which time there were no significant differences in disease-free survival (DFS) or OS. There was a trend toward improved
DFS following the use of chemoradiotherapy (hazard ratio, 0.74;
P = .09), which was the primary endpoint of the trial. Posthoc analyses revealed statistically significant DFS benefits for those patients
with either node-positive disease or intestinal-type histology. A
follow-up trial, the ARTIST 2, is currently accruing a similar patient
cohort with positive lymph nodes, which is randomizing patients to
either S-1 (an oral combination of tegafur, gimeracil, and oteracil),
S-1 with oxaliplatin, or chemoradiotherapy. No results from this trial
are currently available.23
The results discussed in this section suggest that postsurgical adjuvant chemoradiotherapy should be routinely used in patients who
have undergone curative surgical resection in the absence of neoadjuvant therapy with additional risk factors such as pathologic invasion
of the muscularis propria or positive lymph nodes, particularly in the
setting of D1 or D0 lymphadenectomy.
Role of Chemoradiotherapy in the Era of Perioperative Chemotherapy
While the Intergroup 0116 trial established adjuvant chemoradiotherapy as the standard of care for resected gastric cancer in the
United States, a few alternative treatment strategies have been employed. Foremost among these paradigms is perioperative chemotherapy, which was established following publication of the Medical Research Council’s MAGIC trial in 2006.24 Notably, this trial included
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tumors of the stomach, gastroesophageal junction, and esophagus,
although the majority of tumors (74%) were located in the stomach.
Patients who were randomized to perioperative chemotherapy were
scheduled to receive 3 cycles of combination epirubicin, cisplatin,
and 5-FU (ECF) prior to radical resection as well as 3 cycles of ECF
in the postoperative adjuvant setting. Perioperative chemotherapy
resulted in more primary tumor downstaging, and it increased
both OS and progression-free survival. Additionally, patients who
actually received neoadjuvant chemotherapy and underwent radical
surgery were more likely to undergo R0 resection, although this
finding did not achieve statistical significance on intention-to-treat
analysis. However, treatment completion was challenging for most
patients, as only 42% of those enrolled were able to complete the full
chemotherapy schedule. Furthermore, no patient had a pathologic
complete response (pCR) at the time of surgical resection, following
3 initial cycles of ECF.
Several other trials have examined the role of perioperative chemotherapy with similar results, such as the French FNLCC/FFCD and
EORTC 40954 trials.25,26 Although an OS benefit was not observed
in the EORTC 40954 trial, which was closed early, secondary to
poor accrual, both trials demonstrated improved R0 resection rates
with neoadjuvant chemotherapy.
A meta-analysis comprising many of these trials confirmed the positive effect of neoadjuvant chemotherapy on OS, R0 resection rate,
and primary tumor downstaging.27 As a result, there has been fierce
debate over the past decade regarding whether adjuvant chemoradiotherapy or perioperative chemotherapy provides the best outcomes in
patients with locally advanced gastric cancer.28 Although the ARTIST
trial shed some light on this question, extrapolating these results is
problematic for numerous reasons. Fortunately, the recently presented CRITICS trial, which is not yet available in manuscript form,
should help guide treatment decisions.29 In this study, all patients
received 3 cycles of neoadjuvant ECF or epirubicin, oxaliplatin, and
5-FU (EOF) prior to undergoing definitive surgical resection. Following surgery, patients were treated according to preoperative randomization, which consisted of an additional 3 cycles of ECF or EOF or
chemoradiotherapy with concurrent XP. Extent of surgical resection
was greater than that seen in the Intergroup 0116 study, with nearly
90% of patients receiving at least D1 lymphadenectomy and a median of 20 lymph nodes removed. The 5-year OS was approximately
41% in both arms, and although these results appear to compare
favorably to both the MAGIC and Intergroup 0116 trials, there was
no evidence of superiority for either arm. Grade 3 hematologic
toxicity was slightly higher in the perioperative chemotherapy arm
(44% vs 34%), but patients in both arms had difficulty completing
protocol treatment (47% for perioperative chemotherapy, 52% for
adjuvant chemoradiotherapy). In light of these findings, we do not
recommend adjuvant chemoradiotherapy for patients who undergo
R0 resection following neoadjuvant ECF unless they are unable to
tolerate multiagent chemotherapy in the postoperative setting or are
enrolled in a clinical trial.
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The role of chemoradiotherapy is less well defined for patients
patients in this study, reported at the 2016 Annual Meeting of the
who undergo surgical resection with either positive margins or gross
American Society of Clinical Oncology, again noted an apparent OS
residual disease, because no prospective data exist to guide treatment
advantage with chemoradiotherapy (39.5% vs 24.4% at 5 years), but
decisions in this setting. However, a retrospective review including
these results failed to achieve statistical significance (P = .055).35
patients from the Dutch lymphadenectomy trial revealed both an
Neoadjuvant chemoradiotherapy confers several benefits relative to
LRR benefit (6% vs 26%) and an OS benefit (66% vs 29%) at 2 years
the postoperative setting, including smaller target volumes, improved
following the addition of chemoradiotherapy to R1 resection. A subpatient compliance, and removal of the irradiated normal tissue at
sequent population-level analysis of the Netherlands Cancer Registry
the time of resection, which may limit late-onset toxicity. The use
confirmed these findings,30,31 and a retrospective case series of patients of neoadjuvant, rather than adjuvant, chemoradiotherapy may not
who underwent adjuvant chemoradiotherapy noted equivalent OS
only be better tolerated by patients, but also be more oncologically
and LRR in patients who underwent either R0 or R1 resection.32 Fur- efficacious. Retrospective data from The University of Texas MD
thermore, in a randomized trial examining neoadjuvant chemotherAnderson Cancer Center have demonstrated the tolerability of this
apy for patients with esophageal cancer, long-term survival following
approach in patients with a minimum of T2N0 gastric cancer, and
R1 resection was achieved only in patients who
TABLE: Major Randomized Trials of Chemoradiotherapy
received adjuvant chemoradiotherapy.33 Taken
for Adenocarcinoma of the Stomach and Gastroesophageal Junction
together, these data suggest that adjuvant chemoPatients: N,
radiotherapy should be considered standard in
Primary
Trial
Years
Stage,
Randomization
Comments
Outcome
patients with positive margins or gross residual
Location
disease, assuming that radiotherapy was not
1. 85% pN+
delivered preoperatively.
2. Majority D0/D1
556;
Median OS
Role of Radiotherapy in the Neoadjuvant
Setting
For many sites throughout the gastrointestinal
tract, neoadjuvant or definitive chemoradiotherapy is gaining acceptance as an alternative to immediate surgical resection. In the United States,
locally advanced rectal cancers and esophageal
cancers are now routinely treated with neoadjuvant chemoradiotherapy following publication of
the German Rectal and CROSS trials, respectively. Indeed, studies of esophageal cancer, which
have typically included adenocarcinomas of the
gastroesophageal junction and gastric cardia, may
be particularly instructive when considering treatment for gastric malignancies. The POET trial
randomized patients with Siewert Type I-III adenocarcinoma of the gastroesophageal junction to
neoadjuvant chemotherapy or chemoradiotherapy.34 Neoadjuvant chemotherapy consisted of
cisplatin, leucovorin, and 5-FU in combination,
while neoadjuvant chemoradiotherapy included
this regimen followed by radiotherapy administered with concurrent cisplatin and etoposide.
Although this trial was limited by poor accrual
and ultimately closed early, there was a strong
trend toward improved OS with the addition of
radiotherapy to neoadjuvant treatment. Additionally, the pCR rate and node positivity rate
were improved with chemoradiotherapy despite
a dose of only 30 Gy. Longer-term follow-up of
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19911998

MAGIC24

19942002

503;
Stage II+;
Stomach/GEJ

1. Surgery
2. ECF ➞ Surgery ECF

5-year OS
23%
36%

1. 0% pCR rate
2. Poor treatment
compliance
(42%)

34,35

POET

20002005

119;
T3/T4 NX M0;
Cardia/GEJ

1. PLF Surgery
2. PLF➞CRT➞Surgery

3-year OS
28%
47% (NSS)

1. Underpowered
(closed early)
2. CRT: 30 Gy,
concurrent EP

ARTIST22

20042008

458;
Stage Ib+;
Stomach/GEJ

1. Surgery (D2)➞XP
2. Surgery (D2) ➞ XP
/ CRT / XP

3-year DFS
74.2%
78.2% (NSS)

1. OS not analyzed
2. SS DFS benefit
in pN-positive
patients

CRITICS29

20072015

788;
Stage Ib+;
Stomach/GEJ

1. ECC ➞ Surgery ➞
ECC
2. ECC ➞ Surgery ➞CRT

5-year OS
41.3%
40.9%

1. Abstract only
2. Poor treatment
compliance
(CT: 47%; CRT:
52%)

TOPGEAR37

20092017

752 (est);
Stage Ib+;
Stomach/GEJ

1. ECF ➞Surgery➞ECF
2. ECF➞CRT➞Surgery
ECF

5-year OS

1. Pending
presentation/
publication
2. Accrual
expected
December 2017

ARTIST 223

20132019

900 (est);
pN positive;
Stomach/GEJ

1. Surgery (D2)➞S-1
2. Surgery (D2)➞SOX
3. Surgery (D2)➞SOX
/ CRT / SOX

3-year DFS

1. Pending
presentation/
publication
2. Accrual
expected 2019

Stage Ib+;
Stomach/GEJ

1. Surgery
2. Surgery ➞ CRT

35 months
27 months

LN dissection
3. Outdated RT
techniques

5-FU indicates 5-fluorouracil; CRT, chemoradiotherapy; CT, chemotherapy; D2, extended systemic
lymphadenectomy; DFS, disease-free survival; ECC, epirubicin, cisplatin, capecitabine; ECF, epirubicin, cisplatin, 5-FU; EP, etoposide, cisplatin; est, estimated; GEJ, gastroesophageal junction; Gy,
gray (unit); LN, lymph node; NSS, not statistically significant; OS, overall survival; pCR, pathologic
complete response; PLF, cisplatin, leucovorin, 5-FU; pN, pathologic N stage; RT, radiotherapy; S-1,
an oral fluoropyrimidine; SOX, S-1, tegafur, gimeracil, and oteracil; SS, statistically significant; XP
capecitabine, cisplatin.
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durable palliation and conversion to resectable
disease. In the midtwentieth century, randomized data demonstrated a clear survival benefit
3 Cycles Neoadjuvant
2 Cycles Neoadjuvant
Eligible Patients
for patients with unresectable cancers of the
Chemotherapy
Chemotherapy
Adenocarcinoma of stomach
stomach when 5-FU was added to palliative raAdenocarcinoma of GEJ
Epirubicin (50 mg/m2 IV day 1)
Epirubicin (50 mg/m2 IV day 1)
(Siewert II/III)
Cisplatin (60 mg/m2 IV day 1)
Cisplatin (60 mg/m2 IV day 1)
diotherapy, although no patients were reported
R0 resection achievable;
5-FU (200 mg/m2/day IV days
5-FU (200 mg/m2/day IV days
to have received an attempted curative resec1-21)
1-21)
≥18 years old
tion.39 More recently, a Japanese phase II study
ECOG PS ≤1; Left ventricle EF
>50%
that employed chemoradiotherapy for patients
Target accrual = 752
with unresectable locally advanced gastric cancer demonstrated an eventual resection rate of
Surgical Resection
Total gastrectomy
33.3% and an overall pCR rate of 13.3%.40 In
Neoadjuvant Chemotherapy
Subtotal gastrectomy
this study, 40 Gy in 2 Gy daily fractions were
45 Gy (25 fractions,
(as appropriate)
5 days/week)
delivered to the primary tumor and regional
Esophagogastrectomy
2
5-FU (200 mg/m /day IV 7
(as appropriate)
lymph nodes with concurrent S-1 and cisplatin.
days/week)
D2 lymphadenectomy
The authors also reported that all 30 patients
recommended
required hospitalization due to disease-related
D1 lymphadenectomy required
symptoms at the time of diagnosis; however,
Capecitabine may be substituted
Primary Endpoint
97% were discharged after 1 cycle of chemo3 Cycles Adjuvant
for 5-FU during chemotherapy
Overall survival
Chemotherapy
or CRT
therapy, suggesting that even patients who did
2
Secondar Endpoints
Epirubicin (50 mg/m IV day 1)
Chemotherapy: 625 mg/m2 by mouth
not reach surgery benefited from treatment.
Cisplatin (60 mg/m2 IV day 1)
Progression-free survival
twice per day (days 1-21) CRT: 825
5-FU (200 mg/m2/day IV days
Pathologic response rate
An alternative approach to treatment of
mg/m2 by mouth twice per day
1-21)
Toxicity
(5 days/week)
unresectable gastric cancer is multi-agent
chemotherapy alone. Although a thorough
5-FU indicates 5-fluorouracil; D1, limited; D2, extended; ECOG, Eastern Cooperative Oncology
discussion of this approach is beyond the scope
Group; EF, ejection fraction; GEJ, gastroesophageal junction; Gy, gray (unit); IV, intravenous;
PS, performance status.
of this review, many regimens can be used in
Adapted from reference 37.
this setting. However, in patients with good
performance status and minimal comor80% of these patients ultimately underwent R0 resection with a 20%
bidity, we believe that incorporation of radiotherapy into gastric
pCR rate.36 Given this apparent benefit, the randomized phase III
cancer treatment regimens could provide the highest likelihood of
TOPGEAR study, which is expected to complete patient accrual in
conversion to oncologic resectability and long-term disease control.
December 2019, was designed with the hope of elucidating the role
Consequently, we recommend that such patients be evaluated in the
of neoadjuvant chemoradiotherapy.37 The investigational arm of this
multidisciplinary setting with appropriate input from surgeons, meditrial employs perioperative ECF as prescribed in the MAGIC trial,
cal oncologists, and radiation oncologists with extensive experience in
except chemoradiotherapy is substituted for the third neoadjuvant
the treatment of gastric malignancies.
cycle of chemotherapy (Figure 1). Chemoradiotherapy, delivered concurrently with either continuously infused 5-FU or oral capecitabine,
Radiotherapy Planning and Delivery
consists of a 45 Gy dose to the entire stomach, any perigastric tumor
The Intergroup 0116 trial, which set the standard of care for
extension, and regional lymph nodes. A recently published interim
adjuvant chemoradiotherapy, employed radiation techniques that
analysis suggests similar rates of surgical complications and treatment
are considered outdated in the modern radiation oncology clinic.
compliance in the investigational and control arms of this trial, but
Since the time of this trial, 3-dimensional conformal radiotherapy,
oncologic outcomes are not yet available.38 Final results from the
image-guided radiotherapy (IGRT), IMRT, and volumetric modulated
TOPGEAR study should help clarify the role of radiotherapy in the
arc therapy (VMAT) have become commonplace in the United States.
setting of perioperative chemotherapy. A summary of several major
These techniques can achieve extensive normal tissue sparing with
randomized trials is available in the Table.
excellent target coverage (Figure 2). Without question, a minimum
standard in the definitive setting should be CT-based simulation with
Role of Radiotherapy in Cases of Unresectable Gastric Cancer
3-dimensional planning, given the large volumes typically employed
In contrast to data regarding patients with resectable gastric cancer,
and multiple radiosensitive organs at risk in near proximity to the tarthere are limited data to guide the treatment of patients with nonmet- get. Target delineation in gastric cancer is extremely complicated: even
astatic, unresectable gastric cancers. Nonetheless, the available literwith the simple beam arrangements utilized in the Intergroup 0116
ature suggests that chemoradiotherapy may have a role in achieving
trial, approximately one-third of plans submitted for central review
FIGURE 1: TOPGEAR Trial Schema
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contrast is essential for the proper delineation
of lymphatic target volumes. We recommend
obtaining the simulation CT with and without
oral contrast for optimal treatment planning,
as well as contouring of the primary tumor or
resection bed. Motion management strategies,
which may include 4-D CT, respiratory gating,
or abdominal compression, should be considered because target volumes are susceptible
to substantial respiratory movement. Finally,
for patients who have undergone surgical
resection, fusion of available preoperative
imaging is essential, as is thorough review of
the operative note and surgical pathology.
Target delineation in both the neoadjuvant
and adjuvant setting is complicated, requiring a detailed understanding of regional
lymphatic spread patterns and postoperative
anatomy. Furthermore, these volumes may
vary significantly depending on the location
of the primary tumor and extent of surgical
resection, if performed.
Two patients, each with resected pT3N3M0 adenocarcinoma of the stomach, were treated with
4500 centigray (cGy) in 180 cGy fractions prescribed to the planning target volume (yellow line)
In the majority of patients, target volumes
with concurrent capecitabine. Conventional plans (A,C) are shown in the left column; VMAT
will include the primary tumor or resection
plans (B, D) are shown in the right column. There is substantial liver-sparing in the first patient
bed, gastric remnant (if present), and regional
(top row) and kidney-sparing in the second patient (bottom row) with VMAT.
lymph nodes; however, in some patients,
inclusion of the duodenal stump or surgical
were in violation of the prescribed protocol.41 With the introduction
anastomosis may be advisable.41 Given the results of the Intergroup
of more conformal techniques and tighter margins, consideration and 0116 trial, 45 Gy given in 25 daily fractions is considered standard,
knowledge of anatomical patterns of spread is crucial.
but a boost of 5.4 to 9 Gy may be given for positive margins, gross
Prior to initiation of radiotherapy, appropriate imaging and workresidual disease, or definitive treatments. An excellent contouring
up are crucial to guide the treatment planning process. All patients
atlas, published by Wo and colleagues in 2013, is available and highly
with gastric cancer should undergo esophagogastroduodenoscopy
useful for target delineation,43 as is an additional guide that is specifiand biopsy of the primary tumor, as well as endoscopic ultrasound
cally tailored to patients treated with D2 lymphadenectomy.44 Organs
to determine depth of invasion and to assess regional lymph nodes.
at risk, including the kidneys, liver, small bowel, lungs, heart, and spiA CT scan of the chest, abdomen, and pelvis, with both oral and
nal cord, should be contoured and appropriately constrained. Given
intravenous contrast, is critical to assess regional lymphadenopathy
the high anatomic variability of this region, we recommend an IGRT
and rule out metastatic disease. Although PET is not as sensitive in
technique if highly conformal methods such as IMRT are employed.
detection of lymph node and distant metastases secondary to limited
18F-deoxyglucose avidity in certain histologic subtypes, the use of
Future Directions and Conclusions
combined PET/CT is now recommended by the National CompreAlthough substantial improvements in the management of gastric
hensive Cancer Network42 and may be useful for radiotherapy target
cancer have been made over the past several decades, overall outdelineation. A full discussion of laparoscopic staging with peritoneal
comes remain disappointing with unsatisfactory cure rates in all but
cytology is beyond the scope of this review, but its use may be approthe earliest-stage patients. The optimal treatment paradigm for most
priate in patients for whom neoadjuvant therapy is planned.
patients with gastric cancer remains unclear and may vary with tumor
Before CT simulation and each radiotherapy fraction, patients
histology and location. Furthermore, it appears that the traditional
should fast for several hours in order to maximize reproducibility
pillars of oncology are approaching their limits, and that future innoof gastric filling. Patients are typically positioned supine, with arms
vations are sorely needed. Targeted agents, novel radiosensitizers, and
immobilized above the head to allow multifield or volumetric modeven new modalities may be necessary to improve upon the successes
ulated arc therapy plans. The use of a custom immobilization device
of the past half-century. However, radiotherapy continues to play a
is recommended to minimize set-up uncertainties, and intravenous
crucial role for many patients, particularly those who did not receive
FIGURE 2: Dosimetric Colorwash Comparison of Conventional Radiotherapy and
A
Volumetric Modulated Arc Therapy (VMAT)
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preoperative therapy, are found to have positive lymph nodes, retain
residual disease following surgery, or are unresectable at diagnosis.
The role of a trimodality approach in the neoadjuvant setting is promising, but its use is still investigational.
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