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ABSTRACT

Although continuous improvement in the treatment outcome of localized gastric cancer
has been achieved through early screening, diagnosis, and treatment and the active
application of surgery and adjuvant chemotherapy, the necessity of adjuvant radiotherapy
(RT) remains controversial. In this review, based on the results of two recently published
randomized phase III studies (Adjuvant Chemoradiation Therapy In Stomach Cancer 2
and ChemoRadiotherapy after Induction chemoTherapy of Cancer in the Stomach) and a
meta-analysis of six randomized trials including these two studies, the role of adjuvant RT
in gastric cancer was evaluated and discussed, especially in patients who underwent curative
gastrectomy with D2 lymphadenectomy. This article also reported the possible indications
for adjuvant RT in the current clinical situation and in future research to enable patient-
specific treatments according to the risk of recurrence.
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INTRODUCTION

Gastric cancer (GC) ranks fifth in terms of incidence and fourth in terms of mortality
worldwide [1] and remains the fourth most commonly diagnosed cancer in Korea [2].
Fortunately, the incidence of GC is continuously declining, and the age-standardized
incidence rate also decreased by 30.5% between 1990 and 2019 worldwide [3]. In a recent
study on the epidemiology of GC in Korea, the age-standardized incidence rate per 100,000
population significantly decreased from 34.0 in 2011 to 29.6 in 2019 [4]. Despite reports of a
major decline in the incidence of GC, recent studies have suggested an increase in incidence
among the younger age groups of less than 50 years [5]. Additionally, although the diagnosis
rate of early-stage GC, which can be cured with endoscopic intervention or minimally
invasive surgery alone, is increasing with the active implementation of national screening
programs, including the use of upper gastrointestinal endoscopy [6], patients diagnosed
with advanced-stage GC still account for a significant proportion (50%—-60%), especially in
Western countries [7,8].

In patients with locally advanced-stage GC who have undergone curative surgical resection,
locoregional recurrence (LRR) is not negligible, although distant metastasis is the main
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cause of treatment failure [9]. Extensive and complex lymphatic clearance is difficult to
perform, and micrometastases through abundant, multi-directional, and complex lymphatic
networks in the mucosal and submucosal layers can occur in the early stages of the disease
[10]. Therefore, several studies have been conducted to improve the cure rate by reducing the
risk of LRR through radiotherapy (RT) before or after curative surgery in patients with locally
advanced-stage GC [11-15].

However, these studies were conducted in various target populations, geographic regions,
and ethnic groups and used different surgical methods, RT techniques, chemotherapy
applications, and/or regimens in the control group; hence, various results have been
reported, making it difficult to interpret the overall outcomes. In this study, we aimed to
review the advances in RT techniques for GC, compare the results of studies evaluating the
role of adjuvant RT, and discuss the role of RT in the current standard surgical and systemic
management of GC and the potential groups that can benefit from adjuvant or neoadjuvant
RT by conducting clinical studies in the future.

TECHNICAL ADVANCEMENT OF RT IN GC

With the recent development of RT technology, its application in the oncological field

is increasing, especially in areas where its use is extremely limited. Advancements in RT
techniques have decreased the risk of side effects in normal organs when the same dose is
delivered to the tumor, or facilitated the possible delivery of a higher total radiation dose
while maintaining the risk of side effects in normal organs; therefore, these RT techniques
are attracting attention, particularly for upper abdominal malignancies including GC, which
develop close to the normal organs that are sensitive to RT, such as the liver, gastrointestinal
tract, kidneys, and pancreas.

With regard to the application of RT as treatment for GC, the parallel-opposite technique
using anteroposterior-posteroanterior (AP-PA) beams was mainly used until the early 2000s
(Fig. 1A), including the Adjuvant Chemoradiation Therapy In Stomach Cancer (ARTIST) trial
[14]. The AP-PA treatment planning technique does not consider the inhomogeneity of the
human body and the resulting difference in radiation attenuation; therefore, the accuracy
of the actual radiation dose distribution is limited. Hence, it is difficult to predict the exact
radiation dose exposure and possible side effects in normal organs.

The application of computed tomography (CT) to RT planning has resulted in various
developments not only in terms of calculating the radiation dose distribution in voxel units
of tumor and normal organ volumes but also in terms of determining and combining various
beam directions (Fig. 1B). Three-dimensional conformal radiotherapy (3D-CRT) treatment
planning makes it possible to obtain the dose-volume histograms of tumors and normal
organs and to predict the possibility of tumor control (tumor control probability) and side
effects in normal organs (normal tissue complication probability). The radiation dose was
increased while minimizing the risk of side effects. However, even after CT planning-based
RT and 3D-CRT became more common, the AP-PA technique was frequently used in adjuvant
RT for GC, especially when the remaining areas of the stomach were included as the target
of RT. This is because the target area of RT is extremely large, and the volume of radiation
exposure to the surrounding liver and kidneys inevitably increases when using multi-
directional RT. The ARTIST-II study was performed using the 3D-CRT technique [11].
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Fig. 1. Technical advancements in RT for gastric cancer. (A) The treatment planning of parallel opposite technique
using anteroposterior-posteroanterior beams based on the dose distribution did not take into account the
inhomogeneity of the human body. (B) Three-dimensional conformal RT planning using computed tomography
made it possible calculate the radiation dose distribution in voxel units of tumor and normal organ volumes in the
inhomogeneous human body and allowed the beams to radiate from various directions. (C) Intensity-modulated
RT is a treatment method that delivers precise radiation to the tumor while minimizing radiation exposure to the
surrounding normal organs by changing the position of the multi-leaf collimator with a width of 3-5 mm mounted
on the radiation treatment machine, in real time and in multiple beam directions. (D) Particle beam RT showed
highly conformal dose distribution from its unique characteristic called the “Bragg peak,” which emits most of the
radiation dose to a specific point determined according to the specific energy.

RT = radiotherapy.

Intensity-modulated radiotherapy (IMRT) is a type of CT planning-based RT similar

to 3D-CRT, which enables the delivery of a precise radiation dose to the tumor while
minimizing the radiation exposure to the surrounding normal organs (Fig. 1C). Meanwhile,
3D-CRT planning is used to determine the best dose distribution through a trial, and

error process by the treatment planner, which enables a more favorable dose distribution
through computer-based inverse treatment planning. This minimizes the radiation dose

to the surrounding normal organs while delivering the required radiation dose to the

tumor in voxel units such as a mosaic through a multi-leaf collimator. Based on these clear
dosimetric advantages and insurance coverage for solid types of cancer, including GC, it has
been the mainstay of RT in Korea since 2015 [16]. The ChemoRadiotherapy after Induction
chemoTherapy of Cancer in the Stomach (CRITICS) trial was allowed to use either 3D-CRT or
IMRT techniques to ensure a homogeneous dose delivery in the target area [17].

Recently, particle beam RT, including protons and heavy particles, has been commonly

used for the treatment of gastrointestinal tumors and hepatocellular carcinoma [18]. The
construction and use of proton and carbon-ion beam therapy centers are also increasing
worldwide [19]. The proton beam RT uses a hydrogen nucleus, and its unique characteristic
(the Bragg peak) enables the emission of most of the radiation dose to a specific point,
which is determined according to the specific energy. This allows the delivery of an intensive
radiation dose to the target tumor site and minimizes radiation exposure to the surrounding
organs (Fig. 1D). The clinical application of proton beam RT in GC is extremely rare and is
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expected to show superior clinical outcomes owing to its ability to deliver a more precise,
higher, and safer dose compared with IMRT, where the risk of gastrointestinal toxicities still
remains, in patients with retroperitoneal lymph node (LN) recurrence or oligometastatic
disease [20,21].

To ensure the accurate delivery of RT, the changes in the size, shape, and position of tumors
as well as normal organs should be continuously monitored, which could change every day
during the actual treatment delivery [22]. The latest RT machines are equipped with devices
that can obtain images, including X-rays, cone-beam CT, or magnetic resonance, which

can ensure the accurate delivery of radiation by reflecting the changes immediately before
or during RT. Through accurate, high-precision image-guided RT, the side effects can be
minimized, while tumor control is maximized in various oncologic fields.

DEFINITION OF THE GENERAL TARGET OF ADJUVANT RT
FOR GC

The target of adjuvant RT is defined based on the postoperative recurrence pattern,
especially that of LRR [23]. Although several studies have evaluated the pattern of tumor
recurrence after curative surgery in GC patients, the pattern varied widely depending on the
extent of the disease, geographic region, and adjuvant treatment used [24]. In particular,
attention should be paid to the extent of lymphadenectomy, which largely affects the rates
and patterns of LRR [25-28].

As shown in Table 1, the pattern and rate of LRR (10%—20%) after radical GC resection,
including D2 resection and adjuvant treatment, are lower than those of distant metastasis,
including peritoneal metastasis, in recent studies [26,28-34].

The target of adjuvant RT was defined as the potential area of local recurrence according to
the location of the primary tumor, depth of invasion, and status of the resection margin. In
general, RT for GC targets the tumor bed, remnant stomach, resection and/or anastomosis
site, duodenal stump, and regional LNs. In patients with T4b stage, which is defined as

Table 1. Patterns of gastric cancer recurrence after curative resection

Study Design Year Geographic  Stage No  Operation Adjuvant Local* Regional* Peritoneal Hematogenous
region treatment metastasis®  metastasis*
Smalley et al. [32] RCT 2012 u.S. >T3or N+ 227 DO-1 Not used 8.0% 39.0% 18.0%
282 DO-1 CCRT 2.0% 22.0% 16.0%
Songun et al. [30] RCT 2010 Dutch 1= 380 D1 Not used 21.6% 19.2% 34.2%
330 D2 Not used 12.1% 13.0% 29.7%
Conrad et al. [33] Retrospective 2016 Canada  >T3orN+ 197 N.D. CCRT 7.1% 28.9%
Sakuramoto et al. [29] RCT 2007 Japan >T2 or N+ 530 RO/D2 Not used 2.8% 8.7% 15.8% 11.3%
529 RO/D2 Chemotherapy 1.3% 5.1% 11.2% 10.2%
Bang et al. [31] RCT 2012 Korea >T2or N+ 515 RO/D2 Not used 8.5% 10.9% 15.1%
520 RO/D2  Chemotherapy 4.0% 9.0% 9.4%
Yu et al. [28] RCT 2015 Korea >T20r N+ 228 RO/D2 Chemotherapy 4.8% 12.7% 16.2% 8.3%
230 RO/D2 CCRT 4.8% 6.5% 16.1% 7.0%
Chang et al. [26] Retrospective 2012 Korea 1} 382 RO/D2 Chemotherapy 9.7% 27.5% 40.6% 23.8%
Pachaury et al. [34] Retrospective 2022 India N3 196 RO/D2  Chemotherapy  AllLRR 21.9% 30.6% 20.9%
or CCRT LRR only 10.7%

RCT = randomized controlled trial; CCRT = concurrent chemoradiotherapy; N.D. = not documented; LRR = locoregional recurrence.
*Cases of local and regional, peritoneal and regional, or peritoneal and hematogenous recurrence were reported together without distinction, were summed up,

and presented in this table.
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infiltration of the surrounding organs, the tumor bed should be included as an RT target
volume. The resection and/or anastomosis site could be included if the resection margin was
not sufficient. The need to include the remnant stomach remains controversial, but recent
domestic studies have reported that the risk of recurrence in this area is extremely low (1%-—
2%) after complete resection, even if it is not included in the target of adjuvant RT [26,28,35].
Additionally, the ARTIST and retrospective single-institutional Korean studies [26,28]
showed that the most common sites of LRR after D2 lymphadenectomy were the para-aortic
(LN station Nos. 16a2 and 16b1, and the upper part of 16b2), celiac (No. 9), hepatoduodenal
(No. 12), retropancreatic (No. 13), and superior mesenteric vessels (No. 14). Based on the
results of these studies, adjuvant RT generally included the secondary and tertiary LN

stations after the perigastric LNs (Fig. 2, RT field of ARTIST-II); the potential IMRT plan and
dose distribution according to this area are shown in Fig. 3.
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Fig. 2. Target definition and 3D-CRT planning recommended in the ARTIST-1I trial. Based on the results of
locoregional failure studies, secondary and tertiary lymphatic nodes including para-aortic (No. 16a2 to 16b1),

celiac (No. 9), hepatoduodenal (No. 12), retropancreatic (No. 13), and superior mesenteric vessel (No. 14) were
chosen as RT targets.

3D-CRT = three-dimensional conformal radiotherapy; ARTIST = Adjuvant Chemoradiation Therapy In Stomach
Cancer; RT = radiotherapy.
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Fig. 3. Potential dose distribution of IMRT planning for targets recommended in ARTIST-II trial. It shows conformal
dose distribution by controlling the radiation dose in voxel units through various beam directions and MLC
position changes.

IMRT = intensity-modulated radiotherapy; ARTIST = Adjuvant Chemoradiation Therapy In Stomach Cancer; MLC =
multileaf collimator.

ADJUVANT RT IN LESS THAN D2-RESECTED GC

The standard surgical management for localized GC is subtotal or total gastrectomy with

D2 lymphadenectomy [36,37], although the oncological benefit of D2 over less than D2
lymphadenectomy remains unclear, which is restricted by the high morbidity and mortality
rates due to the involvement of inexperienced surgeons, especially in Western countries [38].
The extent of D2 lymphadenectomy, as suggested in the Japanese guidelines, was defined

as the resection of the secondary LN tier (LN stations No. 8-12) with perigastric LNs around
the primary tumor, although a slight difference was found depending on the location of the
primary tumor [39].

In the Dutch Gastric Cancer Trial (DGCT), the outcomes of D1 and D2 lymphadenectomy in
GC were compared; D2 resection was associated with lower LRR and GC-related mortality,
while D2 resection was closely associated with significantly higher postoperative mortality
and morbidity rates [31]. In a randomized trial conducted by the Italian Gastric Cancer study
group, D2 lymphadenectomy resulted in a marginally significant improvement in the disease-
specific survival of patients with pathologic T2—4 and LN metastasis (hazard ratio [HR], 0.63;
95% confidence interval [CI], 0.36-1.06; P=0.078) [27]. According to a recent systematic
review of retrospective studies, D2 lymphadenectomy with pancreas and spleen preservation
has improved the survival outcomes of GC patients with higher T- and N-stage disease [40].

Therefore, D2 resection alone is not sufficient for managing GC, especially for locally advanced-
stage disease. As discussed in the previous section, secondary LN tiers are the most common
site of LRR in the para-aortic area and should be one of the targets of adjuvant RT. Based on this
theoretical background, adjuvant RT can improve the treatment outcomes by lowering the LRR
rate for patients with locally advanced-stage GC who underwent less than D2 resection.

In GC patients who have undergone less than D2 resection, adjuvant RT with concurrent
chemotherapy (CRT) is generally recommended to improve the oncologic outcomes,
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including the local control rates [36,37]. Intergroup Study 0116 (INT-0116), a randomized
phase III study conducted under the leadership of the Southwest Oncology Group published
in 2001, confirmed the superiority of surgery with adjuvant CRT in improving the recurrence-
free survival and overall survival (OS) rates compared with surgery alone [15]. Although

D2 lymphadenectomy was recommended in the INT-0116 trial, D1 or less resection was
performed in >90% of enrolled patients. Additionally, the beneficial effect of adjuvant CRT
was detected in the subgroup that underwent D2 lymphadenectomy but not in the subgroup
that underwent D2 lymphadenectomy [32].

A previous study compared the outcomes between patients enrolled in phase I-II studies
evaluating the efficacy of intensified adjuvant CRT from the DGCT and those who did not
receive conventional adjuvant treatment from the DGCT D1 and 2 lymphadenectomy study;
results showed that adjuvant CRT decreased the LRR (2% vs. 8%, P=0.001) in patients who
underwent D1 resection, whereas no significant difference was observed in patients who
underwent D2 resection. Additionally, adjuvant CRT significantly improved the outcomes by
reducing the LRR rate (6% vs. 26%; HR, 5.36; P=0.02) or increasing the 2-year OS rate (66%
vs. 29%; HR, 2.91; P=0.002) in patients who underwent R1 (microscopically residual disease)
resection compared with that in patients who underwent surgery alone [25].

ADJUVANT RT IN D2-RESECTED GC

Despite the results of the INT-119 trial, additional trials comparing adjuvant CRT with adjuvant
chemotherapy have been conducted owing to the possibility that the benefit of reducing
potential regional LN recurrence through adjuvant CRT may be attenuated during D2 resection.

The ARTIST trial was a phase III randomized trial conducted in a single Korean tertiary
institution that compared the efficacy of adjuvant CRT with that of chemotherapy

alone in patients with locally advanced GC who underwent complete resection with D2
lymphadenectomy. Although this trial reported a definite beneficial effect on the local control
rate of the adjuvant CRT group (6.5% vs. 12.7%) [28], it failed to confirm the superiority of CRT
in terms of disease-free survival (DFS), which was the primary endpoint of all enrolled patients
[14]. Contrary to the main objective, the planned events were not reached after a median follow-
up of >50 months (227 planned events, 127 actual events), and 60% of the patients in each arm
included those with early-stage GC. The beneficial effect of adjuvant CRT was only observed
when the patients with LN metastasis (estimated HR, 0.69; 95% CI, 0.47-1.00; P=0.05) were
included, suggesting the need for a subsequent study on these patients.

The ARTIST-II trial, which compared the efficacy of two adjuvant chemotherapy regimens
(S-1 [S-1 arm] and S-1 plus oxaliplatin [SOX arm]) and CRT (S-1 plus oxaliplatin and S-1 and RT
[SOXRT arm]) in patients with D2-resected, stage II or III, node-positive GC, was conducted
at multiple centers in Korea. Although this study was discontinued earlier than its original
completion date, the results of the e interim analysis were sufficient to reach the endpoint.
In this study, adjuvant CRT reduced the risk of recurrence compared with adjuvant S-1
monotherapy, although a significant P-value was not reached (HR, 0.724; 95% CI, 0.507-
1.032; P=0.074). Compared with adjuvant doublet chemotherapy (TS-1 plus oxaliplatin),
adjuvant CRT did not show any clinical benefit (HR, 0.971; 95% CI, 0.663-1.421; P=0.879). In
terms of complications or quality of life, no significant differences were found according to
the adjuvant treatment regimen used.
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In the CRITICS trial, a randomized phase III study conducted in Western countries, adjuvant
CRT failed to show superior oncologic outcomes compared with adjuvant chemotherapy

in D2-resected gastric or esophagogastric adenocarcinoma patients after neoadjuvant
chemotherapy (HR from the stratified analysis, 1.01; 95% CI, 0.84-1.22; P=0.90) [12].

By contrast, adjuvant CRT showed significantly worse OS outcomes compared with
chemotherapy alone in the post hoc per-protocol analysis (adjusted HR, 1.62; 95% CI,
1.24-2.12; P=0.0004) of patients who received adjuvant treatment [41]. In addition, the
adjuvant CRT group showed significantly worse physical functioning and increased severity
of dysphagia after treatment.

A previous meta-analysis of six randomized trials with similar designs was performed to
compare the efficacy of adjuvant CRT with that of adjuvant chemotherapy alone in patients
with complete D2-resected GC [11,12,14,28,41-46], including the abovementioned two recent
studies, based on the results of a systematic review conducted according to the new version
of the Korean Practice Guidelines for Gastric Cancer [47]. The overall detailed process and
progress of the systematic review and meta-analysis of these guidelines will be published
in another article; moreover, the full supporting data addressing the key question, “Could
adjuvant concurrent chemoradiation improve the treatment outcomes compared with
adjuvant chemotherapy alone in patients with pathological stage II or III who underwent
curative gastrectomy with D2 lymph node dissection?”, which is consistent with the topic
discussed in this review, will be published separately in this journal [47]. A summary of

the six randomized controlled trials evaluating the efficacy of adjuvant CRT in addition to
adjuvant chemotherapy in patients with completely D2-resected GC included in this meta-
analysis is presented in Table 2.

Table 2. Summary of 6 randomized controlled trials included in the meta-analysis

Study (yr) Patients Geographic Intervention/ 0S DFS LRR Toxicities
region Comparator
Park et al. Curatively D2- Korea CRT (SOXRT, n=183), Not reported At 3 years: Not reported All toxicities:
(2021) [11] resected stage II-ll, CA (SOX, n=181), CRT (SOXRT, 72.8%), CRT (SOXRT, 60%),
node-positive GC CA (S-1, n=182) CA (SOX, 74.3%), CA (SOX, 70%),
(n=546) CA (S-1, 64.8%) CA (S-1, 69%)
Cats etal. Stage IB-IVA Netherlands, CRT (XPRT, n=395), At 5 years: At 5 years: CRT: 11.2% (27/241), Gr >3 toxicities:
(2016) [12] resectable gastric Sweden, CA (EXP or EXO, CRT (40%),  CRT (38%), CA:15.0% (35/233)  XPRT: 45%
or GE AD after Denmark  n=393) CA (42%) CA (39%) (111/245),
perioperative EXP or EXO: 57%
chemotherapy and (135/233)
surgery (n=788)
Leeetal. Curatively D2- Korea CRT (XPRT, n=230), At 5 years: At 3 years: CRT: 6.5% (15/230), Treatment
(2012) [14] resected stage IB-IVA CA (XP, n=228) CRT (75%),  XPRT (78.2%), CA:12.7% (29/228)  modification:
GC (n=788) CA (73%) XP (74.2%) XPRT: 35% (80/230),
XP: 52% (119/228)
Kim et al. Curatively D2- Korea CRT (FLRT, n=46), At 5 years: At 5 years: CRT: 10.9% (5/46), Hematologic and GI
(20192) [43] resected stage II-IVA CA (FL, n=44) CRT (65.2%), CRT (60.9%), CA: 23.3% (7/30) toxicities:
GC (n=90) CA (54.6%) CA (50.0%) CRT 19.6% and

17.4% (8/46),
FL 25% and 11.4%

(5/44)
Zhu et al. Curatively D2- China CRT (FLRT, n=186), At 5 years: At 5 years: CRT:15.6% (29/186), Gl toxicities:
(20192) [44] resected stage II-IVA CA (FL, n=165) CRT (48.4%), CRT (45.2%), CA: 24.9% (40/165)  CRT: 5.9% (11/186),
GC (n=351) CA (41.8%) CA (35.8%) CA: 0.0% (0/165)
Kwon et al. Curatively D2- Korea CRT (XRT, n=31), At 5 years: At 5 years: CRT: 12.9% (4/31), Gl toxicities:
(2010) [42] resected stage I1-IVA CA (FP, n=30) CRT (70.1%), CRT (76.7%), CA: 23.3% (7/30) CRT: 9.7% (3/31),
GC (n=61) CA (70.0%)  CA (59.1%) CA: 13.3% (4/30)

0S = overall survival; DFS = disease-free survival; LRR = locoregional recurrence; GC = gastric cancer; CRT = chemoradiotherapy; SOXRT = S-1 plus oxaliplatin and
S-1and radiotherapy; CA = chemotherapy alone; SOX = S-1 plus oxaliplatin; GE AD = gastro-oesophageal adenocarcinoma; XPRT = capecitabine plus cisplatin
with radiotherapy; EXP or EXO = epirubicin + cisplatin or oxaliplatin + capecitabine; XP = capecitabine plus cisplatin; FLRT = fluorouracil plus leucovorin with
radiotherapy; FL = fluorouracil plus leucovorin GI = gastrointestinal.
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This meta-analysis showed that the addition of adjuvant CRT can significantly reduce

the LRR compared with chemotherapy alone (HR, 0.62; 95% CI, 0.48-0.81; P=0.0004),
although all studies analyzed only patients with GC who underwent complete gastrectomy
with D2 resection. Contrary to the general concerns, no significant difference was observed
in the incidence of grade 3 toxicities or higher between the two groups (HR, 0.85; 95%

CI, 0.63-1.13; P=0.26). Although adjuvant CRT showed superior outcomes compared with
adjuvant chemotherapy alone in terms of DFS (HR, 0.85; 95% CI, 0.713-0.98; P=0.03) in
the analysis conducted in all patients, this difference was not significant when platinum-
based combination chemotherapy was administered (HR, 0.91; 95% CI, 0.78-1.07; P=0.24).
Interestingly, adjuvant CRT in combination with adjuvant platinum-based combination
chemotherapy had no beneficial effects, thus suggesting that the same pattern was observed
in a recently published ARTIST-II trial conducted in patients with more advanced-stage
disease with LN metastases [11]. The addition of adjuvant CRT did not improve the OS in
patients treated with adjuvant chemotherapy alone (HR, 0.96; 95% CI, 0.81-1.14; P=0.58)

or in patients treated with platinum-based combination chemotherapy (HR, 1.03; 95% CI,
0.87-1.23; P=0.70).

According to the outcomes of the above 2 large-scale multicenter studies and/or meta-
analyses, adjuvant RT cannot be recommended in patients who underwent GC after complete
gastrectomy with D2 resection, at least when adjuvant platinum-based combination
chemotherapy is administered.

POTENTIAL APPLICATION OF ADJUVANT RT IN GC

Considering the outcomes of recent studies, the role of adjuvant RT in patients with GC

who underwent complete gastrectomy with D2 resection, the standard surgical modality for
advanced-stage GC in Korea, is not considered significant, especially in patients who received
adjuvant platinum-based combination chemotherapy. Therefore, adjuvant RT is not currently
recommended in this patient group.

In patients who underwent micro- or macroscopically incomplete resection of localized

GC, which is not generally indicated in clinical trials, and/or less than D2 resection of GC,
adjuvant CRT before or after standard chemotherapy may still be considered as part of
adjuvant treatment, based on the results of INT-0116 [15]. However, this treatment should
not be included as part of the standard treatment, owing to the lack of sufficiently validated
research. Efforts to identify a subgroup whose main recurrence pattern is LRR and the use
of adjuvant RT to improve the cure rate should be continuously implemented. Our group has
conducted several studies in this aspect and suggested that the addition of adjuvant CRT is
particularly effective in patients with complete D2-resected GC who do not have preoperative
sarcopenia [48], have a non-mesenchymal subtype [49], are older than 45 years at diagnosis
[50], and have an adequate absolute lymphocyte count prior to surgery [51].

The classification of cancer has recently changed and is determined based on molecular
characteristics, including human epidermal growth factor receptor 2 overexpression,
mismatch repair deficiency, microsatellite instability, and Epstein-Barr virus infection status
[52,53]. Additionally, these characteristics are strongly related to the effects of chemotherapy,
immunotherapy, and RT [54-56]. Hence, future studies should continue the application of RT
as a tailored adjuvant treatment, according to the molecular characteristics of patients with GC.
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CONCLUSION

In GC, early diagnosis and minimally invasive treatment through screening programs are
being established, and treatment outcomes have greatly improved. The development of
surgical techniques and chemotherapy before and after surgery has played an important
role in these improvements. Although RT is a major locoregional modality in the field of
oncology, it is effective in many types of malignancies. However, several randomized trials
have confirmed that the benefit of adjuvant RT in GC patients who underwent complete
resection, including D2 lymphadenectomy and (neo-)adjuvant chemotherapy, is largely
limited. Therefore, adjuvant RT should only be considered in patients with locally advanced-
stage tumors that have not been completely resected or those who have undergone less than
D2 lymphadenectomy. In addition, continuous efforts, including molecular characterization,
are required for personalized management of GC.

REFERENCES

1. SungH, Ferlay]J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global cancer statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer ]
Clin 2021;71:209-249.

PUBMED | CROSSREF

2. Jung KW, Won YJ, Kang MJ, Kong HJ, Im JS, Seo HG. Prediction of cancer incidence and mortality in
Korea, 2022. Cancer Res Treat 2022;54:345-351.

PUBMED | CROSSREF

3. SongY, Liu X, Cheng W, Li H, Zhang D. The global, regional and national burden of stomach cancer and
its attributable risk factors from 1990 to 2019. Sci Rep 2022;12:11542.

PUBMED | CROSSREF

4. Park SH, Kang MJ, Yun EH, Jung KW. Epidemiology of gastric cancer in Korea: trends in incidence and
survival based on Korea Central Cancer Registry data (1999-2019). J Gastric Cancer 2022;22:160-168.
PUBMED | CROSSREF

5. Heer EV, Harper AS, Sung H, Jemal A, Fidler-Benaoudia MM. Emerging cancer incidence trends in
Canada: the growing burden of young adult cancers. Cancer 2020;126:4553-4562.

PUBMED | CROSSREF

6. Kim B, Cho SJ. Endoscopic screening and surveillance for gastric cancer. Gastrointest Endosc Clin N Am
2021;31:489-501.
PUBMED | CROSSREF

7. Eom BW, Jung KW, Won YJ, Kim YW. Trends and outcomes of non-compliance with treatment for gastric
cancer in Korea over the 16 years from 1999 to 2015. J Gastric Cancer 2019;19:92-101.
PUBMED | CROSSREF

8. Lawson JD, Sicklick JK, Fanta PT. Gastric cancer. Curr Probl Cancer 2011;35:97-127.
PUBMED | CROSSREF

9. Wang SB, Qi WX, Chen]JY, Xu C, Kirova YM, Cao WG, et al. Competing risk nomogram predicting initial
loco-regional recurrence in gastric cancer patients after D2 gastrectomy. Radiat Oncol 2019;14:128.
PUBMED | CROSSREF

10. Lehnert T, Erlandson RA, Decosse JJ. Lymph and blood capillaries of the human gastric mucosa. A
morphologic basis for metastasis in early gastric carcinoma. Gastroenterology 1985;89:939-950.
PUBMED | CROSSREF

11. Park SH, Lim DH, Sohn TS, Lee J, Zang DY, Kim ST, et al. A randomized phase III trial comparing
adjuvant single-agent S1, S-1 with oxaliplatin, and postoperative chemoradiation with S-1 and oxaliplatin
in patients with node-positive gastric cancer after D2 resection: the ARTIST 2 trial. Ann Oncol
2021;32:368-374.
PUBMED | CROSSREF

12. Cats A, Jansen EPM, van Grieken NCT, Sikorska K, Lind P, Nordsmark M, et al. Chemotherapy versus
chemoradiotherapy after surgery and preoperative chemotherapy for resectable gastric cancer (CRITICS):
an international, open-label, randomised phase 3 trial. Lancet Oncol 2018;19:616-628.
PUBMED | CROSSREF

https://doi.org/10.5230/jgc.2023.23.e1 203


http://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/35313101
https://doi.org/10.4143/crt.2022.179
http://www.ncbi.nlm.nih.gov/pubmed/35798837
https://doi.org/10.1038/s41598-022-15839-7
http://www.ncbi.nlm.nih.gov/pubmed/35938363
https://doi.org/10.5230/jgc.2022.22.e21
http://www.ncbi.nlm.nih.gov/pubmed/32770762
https://doi.org/10.1002/cncr.33050
http://www.ncbi.nlm.nih.gov/pubmed/34053635
https://doi.org/10.1016/j.giec.2021.03.004
http://www.ncbi.nlm.nih.gov/pubmed/30944762
https://doi.org/10.5230/jgc.2019.19.e5
http://www.ncbi.nlm.nih.gov/pubmed/21635986
https://doi.org/10.1016/j.currproblcancer.2011.03.001
http://www.ncbi.nlm.nih.gov/pubmed/31315683
https://doi.org/10.1186/s13014-019-1332-y
http://www.ncbi.nlm.nih.gov/pubmed/4043674
https://doi.org/10.1016/0016-5085(85)90192-1
http://www.ncbi.nlm.nih.gov/pubmed/33278599
https://doi.org/10.1016/j.annonc.2020.11.017
http://www.ncbi.nlm.nih.gov/pubmed/29650363
https://doi.org/10.1016/S1470-2045(18)30132-3

Adjuvant RT in GC

°
Journal

, ‘ of
Gastric

Cancer

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Leong T, Smithers BM, Haustermans K, Michael M, Gebski V, Miller D, et al. TOPGEAR: a randomized,
phase III trial of perioperative ECF chemotherapy with or without preoperative chemoradiation for
resectable gastric cancer: interim results from an International, Intergroup Trial of the AGITG, TROG,
EORTC and CCTG. Ann Surg Oncol 2017;24:2252-2258.

PUBMED | CROSSREF

LeeJ, Lim DH, Kim S, Park SH, Park JO, Park YS, et al. Phase III trial comparing capecitabine plus
cisplatin versus capecitabine plus cisplatin with concurrent capecitabine radiotherapy in completely
resected gastric cancer with D2 lymph node dissection: the ARTIST trial. J Clin Oncol 2012;30:268-273.
PUBMED | CROSSREF

Macdonald JS, Smalley SR, Benedetti J, Hundahl SA, Estes NC, Stemmermann GN, et al.
Chemoradiotherapy after surgery compared with surgery alone for adenocarcinoma of the stomach or
gastroesophageal junction. N Engl ] Med 2001;345:725-730.

PUBMED | CROSSREF

Lee J, Kim WC, Yoon WS, Rim CH. Implications of radiotherapy utilization in Korea from 2010 to 2019. J
Korean Med Sci 2021;36:€117.
PUBMED | CROSSREF

Dikken JL, van Sandick JW, Maurits Swellengrebel HA, Lind PA, Putter H, Jansen EP, et al. Neo-adjuvant
chemotherapy followed by surgery and chemotherapy or by surgery and chemoradiotherapy for patients
with resectable gastric cancer (CRITICS). BMC Cancer 2011;11:329.

PUBMED | CROSSREF

Nogueira LM, Jemal A, Yabroff KR, Efstathiou JA. Assessment of proton beam therapy use among
patients with newly diagnosed cancer in the US, 2004-2018. JAMA Netw Open 2022;5:e229025.
PUBMED | CROSSREF

Collings EW, Lu L, Gupta N, Sumption MD. Accelerators, gantries, magnets and imaging systems for
particle beam therapy: recent status and prospects for improvement. Front Oncol 2022;11:737837.
PUBMED | CROSSREF

Mondlane G, Gubanski M, Lind PA, Ureba A, Siegbahn A. Comparison of gastric-cancer radiotherapy
performed with volumetric modulated arc therapy or single-field uniform-dose proton therapy. Acta
Oncol 2017;56:832-838.

PUBMED | CROSSREF

Yamaguchi H, Honda M, Hamada K, Kobayashi H, Todate Y, Seto I, et al. The effectiveness of proton
beam therapy for liver metastatic recurrence in gastric cancer patients. Jpn J Clin Oncol 2020;50:903-908.
PUBMED | CROSSREF

Jaffray DA. Image-guided radiotherapy: from current concept to future perspectives. Nat Rev Clin Oncol
2012;9:688-699.

PUBMED | CROSSREF

Gunderson LL, Sosin H. Adenocarcinoma of the stomach: areas of failure in a re-operation series (second
or symptomatic look) clinicopathologic correlation and implications for adjuvant therapy. Int J Radiat
Oncol Biol Phys 1982;8:1-11.

PUBMED | CROSSREF

Joshi SS, Badgwell BD. Current treatment and recent progress in gastric cancer. CA Cancer J Clin
2021;71:264-279.

PUBMED | CROSSREF

Dikken JL, Jansen EP, Cats A, Bakker B, Hartgrink HH, Kranenbarg EM, et al. Impact of the extent of
surgery and postoperative chemoradiotherapy on recurrence patterns in gastric cancer. J Clin Oncol
2010;28:2430-2436.

PUBMED | CROSSREF

Chang]JS, Lim JS, Noh SH, Hyung WJ, AnJY, Lee YC, et al. Patterns of regional recurrence after curative
D2 resection for stage III (N3) gastric cancer: implications for postoperative radiotherapy. Radiother
Oncol 2012;104:367-373.

PUBMED | CROSSREF

Degiuli M, Sasako M, Ponti A, Vendrame A, Tomatis M, Mazza C, et al. Randomized clinical trial
comparing survival after D1 or D2 gastrectomy for gastric cancer. Br] Surg 2014;101:23-31.

PUBMED | CROSSREF

YuJI, Lim DH, Ahn YC, Lee J, Kang WK, Park SH, et al. Effects of adjuvant radiotherapy on completely
resected gastric cancer: a radiation oncologist’s view of the ARTIST randomized phase III trial. Radiother
Oncol 2015;117:171177.

PUBMED | CROSSREF

https://jgc-online.org https://doi.org/10.5230/jgc.2023.23.e1 204


http://www.ncbi.nlm.nih.gov/pubmed/28337660
https://doi.org/10.1245/s10434-017-5830-6
http://www.ncbi.nlm.nih.gov/pubmed/22184384
https://doi.org/10.1200/JCO.2011.39.1953
http://www.ncbi.nlm.nih.gov/pubmed/11547741
https://doi.org/10.1056/NEJMoa010187
http://www.ncbi.nlm.nih.gov/pubmed/33975394
https://doi.org/10.3346/jkms.2021.36.e117
http://www.ncbi.nlm.nih.gov/pubmed/21810227
https://doi.org/10.1186/1471-2407-11-329
http://www.ncbi.nlm.nih.gov/pubmed/35476066
https://doi.org/10.1001/jamanetworkopen.2022.9025
http://www.ncbi.nlm.nih.gov/pubmed/35242695
https://doi.org/10.3389/fonc.2021.737837
http://www.ncbi.nlm.nih.gov/pubmed/28281357
https://doi.org/10.1080/0284186X.2017.1297536
http://www.ncbi.nlm.nih.gov/pubmed/32363379
https://doi.org/10.1093/jjco/hyaa052
http://www.ncbi.nlm.nih.gov/pubmed/23165124
https://doi.org/10.1038/nrclinonc.2012.194
http://www.ncbi.nlm.nih.gov/pubmed/7061243
https://doi.org/10.1016/0360-3016(82)90377-7
http://www.ncbi.nlm.nih.gov/pubmed/33592120
https://doi.org/10.3322/caac.21657
http://www.ncbi.nlm.nih.gov/pubmed/20368551
https://doi.org/10.1200/JCO.2009.26.9654
http://www.ncbi.nlm.nih.gov/pubmed/22981610
https://doi.org/10.1016/j.radonc.2012.08.017
http://www.ncbi.nlm.nih.gov/pubmed/24375296
https://doi.org/10.1002/bjs.9345
http://www.ncbi.nlm.nih.gov/pubmed/26299196
https://doi.org/10.1016/j.radonc.2015.08.009

Adjuvant RT in GC

°
Journal

, ‘ of
Gastric

Cancer

https://jgc-online.org

29. Sakuramoto S, Sasako M, Yamaguchi T, Kinoshita T, Fujii M, Nashimoto A, et al. Adjuvant chemotherapy
for gastric cancer with S-1, an oral fluoropyrimidine. N Engl ] Med 2007;357:1810-1820.
PUBMED | CROSSREF

30. Songun I, Putter H, Kranenbarg EM, Sasako M, van de Velde CJ. Surgical treatment of gastric cancer: 15-
year follow-up results of the randomised nationwide Dutch D1D2 trial. Lancet Oncol 2010;11:439-449.
PUBMED | CROSSREF

31. BangY]J, Kim YW, Yang HK, Chung HC, Park YK, Lee KH, et al. Adjuvant capecitabine and oxaliplatin for
gastric cancer after D2 gastrectomy (CLASSIC): a phase 3 open-label, randomised controlled trial. Lancet
2012;379:315-321.
PUBMED | CROSSREF

32. Smalley SR, Benedetti JK, Haller DG, Hundahl SA, Estes NC, AjaniJA, et al. Updated analysis of SWOG-
directed intergroup study 0116: a phase III trial of adjuvant radiochemotherapy versus observation after
curative gastric cancer resection. J Clin Oncol 2012;30:2327-2333.
PUBMED | CROSSREF

33. Conrad T, MacLellan S, Kassam Z, Mackay H, Khalili I, Sykes J, et al. Retrospective assessment of patterns
of recurrence relative to radiotherapy volumes for adjuvant conformal chemoradiotherapy in gastric
cancer. Gastric Cancer 2016;19:887-893.
PUBMED | CROSSREF

34. Pachaury A, Chaudhari V, Batra S, Ramaswamy A, Ostwal V, Engineer R, et al. Pathological N3 stage (pN3/
ypN3) gastric cancer: outcomes, prognostic factors and pattern of recurrences after curative treatment.
Ann Surg Oncol 2022;29:229-239.
PUBMED | CROSSREF

35. Nam H, Lim DH, Kim S, Kang WK, Sohn TS, Noh JH, et al. A new suggestion for the radiation target
volume after a subtotal gastrectomy in patients with stomach cancer. Int ] Radiat Oncol Biol Phys
2008;71:448-455.
PUBMED | CROSSREF

36. Eom SS, Choi W, Eom BW, Park SH, Kim SJ, Kim YI, et al. A comprehensive and comparative review of
global gastric cancer treatment guidelines. ] Gastric Cancer 2022;22:3-23.
PUBMED | CROSSREF

37. Guideline Committee of the Korean Gastric Cancer Association (KGCA), Development Working Group
& Review Panel. Korean practice guideline for gastric cancer 2018: an evidence-based, multi-disciplinary
approach. ] Gastric Cancer 2019;19:1-48.
PUBMED | CROSSREF

38. Degiuli M, Reddavid R, Tomatis M, Ponti A, Morino M, Sasako M, et al. D2 dissection improves disease-
specific survival in advanced gastric cancer patients: 15-year follow-up results of the Italian Gastric Cancer
Study Group D1 versus D2 randomised controlled trial. Eur J Cancer 2021;150:10-22.
PUBMED | CROSSREF

39. Japanese Gastric Cancer Association. Japanese gastric cancer treatment guidelines 2018 (5th edition).
Gastric Cancer 2021;24:1-21.
PUBMED | CROSSREF

40. Mogal H, Fields R, Maithel SK, Votanopoulos K. In patients with localized and resectable gastric
cancer, what is the optimal extent of lymph node dissection-D1 versus D2 versus D3? Ann Surg Oncol
2019;26:2912-2932.
PUBMED | CROSSREF

41. de Steur WO, van Amelsfoort RM, Hartgrink HH, Putter H, Meershoek-Klein Kranenbarg E, van Grieken
NCT, et al. Adjuvant chemotherapy is superior to chemoradiation after D2 surgery for gastric cancer in
the per-protocol analysis of the randomized CRITICS trial. Ann Oncol 2021;32:360-367.
PUBMED | CROSSREF

42. Kwon HC, Kim MC, Kim KH, JangJS, Oh SY, Kim SH, et al. Adjuvant chemoradiation versus
chemotherapy in completely resected advanced gastric cancer with D2 nodal dissection. Asia Pac J Clin
Oncol 2010;6:278-285.
PUBMED | CROSSREF

43. Kim TH, Park SR, Ryu KW, Kim YW, Bae JM, Lee JH, et al. Phase 3 trial of postoperative chemotherapy
alone versus chemoradiation therapy in stage III-IV gastric cancer treated with RO gastrectomy and D2
lymph node dissection. Int J Radiat Oncol Biol Phys 2012;84:e585-e592.
PUBMED | CROSSREF

44. Zhu WG, Xua DF, PuJ, Zong CD, Li T, Tao GZ, et al. A randomized, controlled, multicenter study
comparing intensity-modulated radiotherapy plus concurrent chemotherapy with chemotherapy alone in
gastric cancer patients with D2 resection. Radiother Oncol 2012;104:361-366.
PUBMED | CROSSREF

https://doi.org/10.5230/jgc.2023.23.e1 205


http://www.ncbi.nlm.nih.gov/pubmed/17978289
https://doi.org/10.1056/NEJMoa072252
http://www.ncbi.nlm.nih.gov/pubmed/20409751
https://doi.org/10.1016/S1470-2045(10)70070-X
http://www.ncbi.nlm.nih.gov/pubmed/22226517
https://doi.org/10.1016/S0140-6736(11)61873-4
http://www.ncbi.nlm.nih.gov/pubmed/22585691
https://doi.org/10.1200/JCO.2011.36.7136
http://www.ncbi.nlm.nih.gov/pubmed/26362272
https://doi.org/10.1007/s10120-015-0534-8
http://www.ncbi.nlm.nih.gov/pubmed/34283313
https://doi.org/10.1245/s10434-021-10405-3
http://www.ncbi.nlm.nih.gov/pubmed/18234442
https://doi.org/10.1016/j.ijrobp.2007.09.055
http://www.ncbi.nlm.nih.gov/pubmed/35425651
https://doi.org/10.5230/jgc.2022.22.e10
http://www.ncbi.nlm.nih.gov/pubmed/30944757
https://doi.org/10.5230/jgc.2019.19.e8
http://www.ncbi.nlm.nih.gov/pubmed/33887514
https://doi.org/10.1016/j.ejca.2021.03.031
http://www.ncbi.nlm.nih.gov/pubmed/32060757
https://doi.org/10.1007/s10120-020-01042-y
http://www.ncbi.nlm.nih.gov/pubmed/31076930
https://doi.org/10.1245/s10434-019-07417-5
http://www.ncbi.nlm.nih.gov/pubmed/33227408
https://doi.org/10.1016/j.annonc.2020.11.004
http://www.ncbi.nlm.nih.gov/pubmed/21114777
https://doi.org/10.1111/j.1743-7563.2010.01331.x
http://www.ncbi.nlm.nih.gov/pubmed/22975616
https://doi.org/10.1016/j.ijrobp.2012.07.2378
http://www.ncbi.nlm.nih.gov/pubmed/22985776
https://doi.org/10.1016/j.radonc.2012.08.024

Adjuvant RT in GC

°
Journal

, ‘ of
Gastric

Cancer

https://jgc-online.org

45. Park SH, Sohn TS, Lee J, Lim DH, Hong ME, Kim KM, et al. Phase III trial to compare adjuvant
chemotherapy with capecitabine and cisplatin versus concurrent chemoradiotherapy in gastric cancer:
final report of the adjuvant chemoradiotherapy in stomach tumors trial, including survival and subset
analyses. J Clin Oncol 2015;33:3130-3136.

PUBMED | CROSSREF

46. van Amelsfoort RM, Walraven I, Kieffer J, Jansen EPM, Cats A, van Grieken NCT, et al. Quality of life is
associated with survival in patients with gastric cancer: results from the randomized CRITICS trial. J Natl
Compr Canc Netw 2022;20:261-267.

PUBMED | CROSSREF

47. Kim TH, Kim IH, Kang SJ, Choi M, Kim BH, Eom BW, et al. Korean Practice Guidelines for Gastric Cancer
2022: an evidence-based, multidisciplinary approach. J Gastric Cancer 2023;23:3-106.

CROSSREF

48. Yu]Jl, Choi C, Lee J, Kang WK, Park SH, Kim ST, et al. Effect of baseline sarcopenia on adjuvant treatment
for D2 dissected gastric cancer: analysis of the ARTIST phase III trial. Radiother Oncol 2020;152:19-25.
PUBMED | CROSSREF

49. Yu]Jl, Park HC, Lee J, Choi C, Kang WK, Park SH, et al. Outcomes of radiotherapy for mesenchymal and
non-mesenchymal subtypes of gastric cancer. Cancers (Basel) 2020;12:943.

PUBMED | CROSSREF

50. Yu]Jl, Lim DH, Lee J, Kang WK, Park SH, Park JO, et al. Clinical outcomes and the role of adjuvant
concurrent chemoradiation therapy in D2-resected LN-positive young patients (<45 years) with gastric
cancer. Anticancer Res 2019;39:5811-5820.

PUBMED | CROSSREF

51. Park]S, YuJI, Lim DH, Nam H, Kim YI, Lee J, et al. Clinical significance of preoperative hematological
parameters in patients with D2-resected, node-positive stomach cancer. Biomedicines 2022;10:1565.
PUBMED | CROSSREF

52. Cristescu R, Lee J, Nebozhyn M, Kim KM, Ting JC, Wong SS, et al. Molecular analysis of gastric cancer
identifies subtypes associated with distinct clinical outcomes. Nat Med 2015;21:449-456.

PUBMED | CROSSREF

53. Cancer Genome Atlas Research Network. Comprehensive molecular characterization of gastric
adenocarcinoma. Nature 2014;513:202-209.
PUBMED | CROSSREF
PUBMED | CROSSREF

54. Kim ST, SaJK, Oh SY, Kim K, HongJY, Kang WK, et al. Comprehensive molecular characterization of
gastric cancer patients from phase II second-line ramucirumab plus paclitaxel therapy trial. Genome Med
2021;13:11.

55. Oh SC, Sohn BH, CheongJH, Kim SB, Lee JE, Park KC, et al. Clinical and genomic landscape of gastric
cancer with a mesenchymal phenotype. Nat Commun 2018;9:1777.

PUBMED | CROSSREF

56. Lee], AnJY, Choi MG, Park SH, Kim ST, Lee JH, et al. Deep learning-based survival analysis identified
associations between molecular subtype and optimal adjuvant treatment of patients with gastric cancer.
JCO Clin Cancer Inform 2018;2:1-14.

PUBMED | CROSSREF
https://doi.org/10.5230/jgc.2023.23.e1 206


http://www.ncbi.nlm.nih.gov/pubmed/25559811
https://doi.org/10.1200/JCO.2014.58.3930
http://www.ncbi.nlm.nih.gov/pubmed/35276669
https://doi.org/10.6004/jnccn.2021.7057
https://doi.org/10.5230/jgc.2023.23.e11
http://www.ncbi.nlm.nih.gov/pubmed/32739319
https://doi.org/10.1016/j.radonc.2020.07.043
http://www.ncbi.nlm.nih.gov/pubmed/32290335
https://doi.org/10.3390/cancers12040943
http://www.ncbi.nlm.nih.gov/pubmed/31570486
https://doi.org/10.21873/anticanres.13785
http://www.ncbi.nlm.nih.gov/pubmed/35884869
https://doi.org/10.3390/biomedicines10071565
http://www.ncbi.nlm.nih.gov/pubmed/25894828
https://doi.org/10.1038/nm.3850
http://www.ncbi.nlm.nih.gov/pubmed/25079317
https://doi.org/10.1038/nature13480
http://www.ncbi.nlm.nih.gov/pubmed/33494793
https://doi.org/10.1186/s13073-021-00826-w
http://www.ncbi.nlm.nih.gov/pubmed/29725014
https://doi.org/10.1038/s41467-018-04179-8
http://www.ncbi.nlm.nih.gov/pubmed/30652558
https://doi.org/10.1200/CCI.17.00065

	Role of Adjuvant Radiotherapy in Gastric Cancer
	INTRODUCTION
	TECHNICAL ADVANCEMENT OF RT IN GC
	DEFINITION OF THE GENERAL TARGET OF ADJUVANT RT FOR GC
	ADJUVANT RT IN LESS THAN D2-RESECTED GC
	ADJUVANT RT IN D2-RESECTED GC
	POTENTIAL APPLICATION OF ADJUVANT RT IN GC
	CONCLUSION
	REFERENCES


