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Radiotherapy for Digestive Tract Tumors: An overview of the 
Different Approaches, Side Effects, and Recent Advances 

INTRODUCTION 

Digestive tract cancers, such as esophageal,                
gastric, colorectal, liver, and pancreatic cancers, along 
with rarer types like gastrointestinal stromal tumors 
(GISTs) and digestive blastomas, are significant global 
health concerns. In 2020, these cancers constituted 
approximately 26% of all cancer cases and nearly 
38% of cancer-related deaths worldwide (1). A               
primary challenge in treating these cancers is their 
frequent diagnosis at advanced stages, limiting                
treatment options and worsening prognosis.                   
Traditional treatments include surgical resection, 
chemotherapy, and radiotherapy, often in                 
combination (2). Radiotherapy has notably advanced 
over recent decades, evolving from a palliative                
approach to a core treatment for various digestive 
tract cancers (3). 

Radiotherapy employs high-energy radiation, 
dosed in Gray (Gy) units, to target and destroy cancer 

cells. Initially used to alleviate symptoms in advanced 
cases, such as pain, bleeding, and obstruction,               
particularly for inoperable or metastatic tumors (4), 
advancements like three-dimensional conformal             
radiation therapy (3D-CRT), intensity-modulated  
radiation therapy (IMRT) (5), and stereotactic body 
radiotherapy (SBRT) (6) have made it crucial in              
neoadjuvant (pre-surgical) and adjuvant (post-
surgical) settings for these cancers (7). 

In esophageal and gastric cancers, often diagnosed 
late with poor prognosis, integrating radiotherapy 
into multimodal strategies has improved outcomes (3). 
Neoadjuvant chemoradiation is now standard for  
locally advanced esophageal squamous cell                    
carcinoma (ESCC), enhancing survival outcomes  
compared to surgery alone, as demonstrated by the 
CROSS trial (8, 9). For gastric cancer, combining                
chemotherapy with radiotherapy is effective,                 
especially in locally advanced cases, reducing tumor 
size and facilitating surgical resection (10,11). In          
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ABSTRACT 

Background: Digestive tract cancers, including esophageal, gastric, colorectal, liver, 
pancreatic, gastrointestinal stromal tumors (GISTs), and digestive blastomas, 
accounted for 26% of cancer cases and 38% of cancer-related deaths worldwide in 
2020. Managing these malignancies is challenging due to frequent advanced-stage 
diagnosis, complicating treatment and resulting in poor prognoses. Radiotherapy has 
evolved from a palliative approach to a curative treatment for several digestive tract 
cancers, with advances in techniques like three-dimensional conformal radiation 
therapy (3D-CRT), intensity-modulated radiation therapy (IMRT), and stereotactic 
body radiotherapy (SBRT) improving precision and efficacy. Materials and Methods: 
PubMed was searched from inception to September 2024 using various keywords with 
Boolean modifiers and operators. The abstracts were screened, and any relevant 
articles were imported into a reference manager. Additionally, the references of the 
selected articles were further screened for any further relevant articles. Results: This 
literature review examines the integration of radiotherapy into multimodal 
treatments, such as neoadjuvant chemoradiation for esophageal and gastric cancers, 
as demonstrated by the CROSS study. Challenges include resistance to therapy, often 
mediated by molecular mechanisms involving non-coding RNAs, and significant side 
effects like gastrointestinal toxicity and fatigue. The emerging role of the gut 
microbiome in influencing radiotherapy efficacy and side effects is also highlighted. 
Conclusion: Despite successes, overcoming resistance and reducing side effects 
remain significant challenges. Advances in radiotherapy techniques, combined with a 
deeper understanding of molecular biology and the gut microbiome offer promising 
avenues for enhancing efficacy and tolerability.  
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colorectal cancer, especially rectal cancer.                       
Neoadjuvant chemoradiation followed by surgery is 
standard for locally advanced rectal cancer, enhancing 
local control and reducing recurrence risk (12). MRI is 
vital in assessing tumor response to neoadjuvant 
therapy, aiding precise surgical planning and              
sometimes allowing patients to avoid radical surgery 
if a complete clinical response is achieved (13).              
Consolidation chemotherapy post-chemoradiation 
increases the pathological complete response (pCR) 
rate, enhancing long-term survival (3, 14). However, 
radiotherapy side effects, such as gastrointestinal 
toxicity, fatigue, and bowel dysfunction, present              
significant challenges (14).  

Research highlights the gut microbiome's role in 
radiotherapy efficacy and side effects. The gut                
microbiota maintains intestinal homeostasis and 
modulates immune responses, affecting radiotherapy 
response. Dysbiosis can worsen radiation-induced 
side effects like diarrhea and mucosal damage.                
Probiotics have been explored to mitigate these side 
effects with limited success. These findings suggest 
microbiome modulation could become part of                   
personalized radiotherapy (15). 

For rare gastrointestinal tumors like                        
gastroblastomas, radiotherapy is less prominent,  
typically used with surgery or chemotherapy for           
advanced or inoperable cases. Gastroblastomas, being 
extremely rare, lack established treatment protocols, 
and surgical resection is primary, with radiotherapy 
selectively used for recurrences (14). 

Radiotherapy is indispensable in treating digestive 
tract cancers, yet challenges like therapy resistance 
and side effects persist. This review provides a broad 
overview of radiotherapy's role in various digestive 
tract tumors, covering technological advancements, 
treatment strategies, molecular mechanisms, and the 
gut microbiome's impact. Highlighting successes and 
challenges, it underscores the need for continued  
research and personalized, multifaceted strategies in 
managing digestive tract malignancies. 

 

Search criteria 
The search for relevant articles was performed in 

PubMed from inception to September 30th 2024. The 
following search terms were used ((esophag* [Title/ 
Abstract]) OR ((gastr* [Title/ Abstract]) OR 
((colorec* [Title/ Abstract]) OR ((rect* [Title/                
Abstract]) OR ((digest* [Title/ Abstract])) AND 
((radiot* [Title/ Abstract]) OR (chemoradio* [Title/ 
Abstract])). The resulting articles were then screened 
by at least 2 authors based on their titles and                  
abstracts. Relevant articles were added to a reference 
manager and duplicate entries were removed.                  
Subsequently, any relevant references from the               
included articles were further assessed for inclusion. 
Wherever possible, we referenced the original article, 
irrespective of date. 

 

758 

Radiotherapy in esophagogastric tumors 
Esophagogastric tumors, including esophageal 

and gastric cancers, are highly aggressive digestive 
tract malignancies often diagnosed late, resulting in 
poor prognoses. Treatment has evolved significantly, 
with radiotherapy becoming crucial in neoadjuvant 
and adjuvant settings, often combined with surgery 
and chemotherapy (1). Esophageal cancer is                  
categorized into two main histological subtypes: 
ESCC and esophageal adenocarcinoma (EAC) (2, 3). 
ESCC is more common in Eastern countries, while 
EAC prevails in Western populations (4). Both                  
subtypes have poor prognoses, especially when            
diagnosed late. Radiotherapy is crucial in treating 
esophageal cancer, particularly as a neoadjuvant 
therapy (1). 

Neoadjuvant chemoradiation, combining                   
chemotherapy and radiotherapy before surgery, is 
the standard for locally advanced esophageal cancer, 
improving respectability and survival compared to 
surgery alone (3, 5-7). This method aims to shrink              
tumors for easier surgical removal or better radiation 
response and targets micro-metastases, enhancing 
surgical success and potentially reducing the need for 
invasive procedures. Tumor response to neoadjuvant 
therapy offers insights into future treatment                   
reactions. The CROSS trial confirmed that                   
neoadjuvant chemoradiation improved survival for 
locally advanced esophageal cancer patients. Those 
receiving preoperative chemoradiation had better 
overall survival than surgery-only patients, with a             
5-year survival rate of 47% versus 33%, and a higher 
complete tumor resection (R0) rate. Neoadjuvant 
treatment significantly shrank tumors, with 29% of 
patients achieving a pCR, indicating no residual               
cancer during surgery. This approach also reduced 
local and distant recurrence rates, down staged the 
disease, and improved surgical outcomes,                      
establishing it as a standard treatment (8, 9). 

In ESCC, radiotherapy is effective in shrinking  
tumors for easier surgical resection (10, 11).                         
Radiotherapy reduces the risk of local recurrence, 
which is crucial due to the tumor's proximity to              
critical structures like the lungs and heart (4).                   
Combining radiotherapy with chemotherapy                    
enhances the cytotoxic effects, increasing the          
likelihood of achieving a pCR. Patients who achieve 
pCR following neoadjuvant therapy may qualify for 
less invasive surgery or a watch-and-wait approach 
(10–14). Neoadjuvant chemoradiation is typically                 
preferred for locally advanced esophageal cancer, but 
adjuvant radiotherapy may be considered for               
patients with positive surgical margins or those who 
did not receive neoadjuvant therapy. Adjuvant                 
radiotherapy targets residual cancer cells                         
post-surgery to reduce recurrence risk. Its use is less 
common due to the increasing adoption of                          
neoadjuvant therapies (15, 16). 
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Advances in imaging and delivery techniques have 
significantly improved radiotherapy for esophageal 
cancer. Methods like IMRT and 3D-CRT enhance        
radiation delivery precision, allowing for accurate 
tumor targeting while sparing healthy tissues. This 
precision is crucial in esophageal cancer, where      
radiation risks damaging vital organs like the lungs, 
heart, and spinal cord (17). These techniques reduce 
radiation-induced side effects, such as pneumonitis 
and esophagitis, while maintaining therapeutic           
efficacy (18-21). Moreover, image-guided radiation 
therapy (IGRT) has further refined delivery accuracy. 
IGRT uses CT and MRI to monitor tumor position   
during treatment, enabling real-time beam                 
adjustments. This is particularly beneficial for           
esophageal cancer, where tumors can shift due to 
patient movement or changes in body position (22). 
However, the added benefits of IGRT combined with 
chemoradiotherapy, compared to chemoradiotherapy 
alone, are debated and may be limited (23,24), and           
discussed later in this review. 

Gastric cancer, similar to esophageal cancer, is a 
highly aggressive malignancy often diagnosed at           
advanced stages, ranking as the fifth most diagnosed 
cancer globally, particularly prevalent in East Asia 
(25). Radiotherapy plays a complex role in managing 
gastric cancer, especially when combined with              
chemotherapy as adjuvant chemoradiotherapy.               
Historically, it has been used post-surgery to target 
residual cancer cells and improve survival, notably 
following inadequate lymph node dissection. The INT
-0116 trial supported chemoradiotherapy for                    
patients with less extensive lymphadenectomy,  
showing improved overall survival (26). However, for 
patients undergoing D2 lymphadenectomy, trials like 
ARTIST (27) and ARTIST II (28) have not shown               
significant disease-free survival benefits from post-
surgery radiotherapy. Radiotherapy for gastric              
cancer is often reserved for specific subgroups, such 
as lymph node-positive patients, where it may              
enhance disease-free survival. Its routine use after 
adequate D2 resection is not widely recommended 
due to a lack of clear benefit. Consequently,                         
radiotherapy is typically considered for poor surgical 
outcomes or in palliative settings for symptomatic 
relief, rather than as standard post-surgical                     
treatment (29).  

In cases where surgery is not possible due to               
advanced disease or poor patient health,                           
radiotherapy is often used palliatively to manage 
symptoms like pain, bleeding, and obstruction.              
Palliative radiotherapy significantly relieves                  
symptoms in patients with inoperable gastric cancer, 
improving quality of life by reducing discomfort and 
addressing tumor-related complications. It can       
control local tumor growth, limit further disease             
progression, and sometimes prolong survival in              
patients with unresectable gastric cancer. The               
treatment is generally well-tolerated, with mild to 

moderate side effects like fatigue and localized                 
irritation. Radiotherapy is valuable for patients                 
unable to undergo aggressive surgery or                       
chemotherapy, offering an effective option for              
symptom management and tumor control (30, 31). 

A major challenge in using radiotherapy for               
gastric cancer is the risk of damage to surrounding 
organs, particularly the liver, kidneys, pancreas, and 
small bowel. These organs are highly sensitive to  
radiation, and damage can lead to significant                 
complications, including radiation-induced hepatitis, 
nephritis, and enteritis. Advances in radiotherapy 
techniques, such as IMRT and proton beam therapy, 
have helped mitigate these risks by enabling more 
precise targeting of the tumor (32, 33). 

 

Radiotherapy in rare gastrointestinal cancers 
Rare gastrointestinal (GI) cancers, including GISTs 

and gastroblastomas, have low incidence rates,                
diverse pathology, and lack established treatment 
protocols due to limited clinical data (1,2). Historically, 
radiotherapy has had a minimal role in treating these 
cancers, particularly radioresistant tumors like GISTs 
(3). However, recent advances in radiotherapy                 
techniques and molecular biology understanding 
have broadened its potential applications. This             
section examines the evolving role of radiotherapy in 
managing rare GI cancers, emphasizing its integration 
with other treatments and challenges related to              
radioresistance. 

GISTs, the most common mesenchymal tumors of 
the digestive tract, arise from interstitial cells of Cajal 
(4). Despite their rarity, with fewer than 6 cases per 
100,000 individuals, they account for a significant 
proportion of submucosal tumors in the stomach and 
small intestine (5). Traditionally deemed                           
radioresistant, surgery remains the primary                    
treatment for localized tumors. However, for                 
unresectable or metastatic GISTs, radiotherapy is 
increasingly used palliatively or alongside tyrosine 
kinase inhibitors (TKIs) such as imatinib (1). For               
patients with advanced or metastatic GISTs,                   
radiotherapy can manage tumor growth and relieve 
symptoms like pain, bleeding, or obstruction. Despite 
GISTs' general resistance to radiation, palliative             
radiotherapy can offer symptomatic relief, especially 
when other treatments are limited. SBRT has shown 
potential in controlling localized disease in non-
surgical candidates (6, 7). 

TKIs like imatinib, sunitinib, and regorafenib have 
transformed GIST treatment by targeting KIT and 
PDGFRA mutations (8, 9). However, resistance to TKIs 
can lead to disease progression. Recent studies                
suggest combining radiotherapy with targeted             
therapy to overcome TKI resistance. Radiotherapy 
can enhance TKI efficacy in controlling metastatic 
GISTs, especially in patients with oligometastatic  
disease, potentially improving tumor control and  
prolonging progression-free survival (10). 

759 Chen et al. / Radiotherapy for digestive tract tumors 
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Gastroblastomas, rare biphasic tumors in the 
stomach of young adults, lack standardized treatment 
protocols. Surgery is the primary treatment, with 
favorable outcomes following complete resection. 
Radiotherapy is considered for unresectable or              
recurrent tumors to control local growth. Limited 
data, mostly from case reports, suggest radiotherapy 
may be effective based on its success with similar soft 
tissue tumors (15–19). Proton beam therapy and             
advanced radiotherapy techniques are important for 
treating these tumors, particularly near critical  
structures like the stomach and small intestine, 
where minimizing healthy tissue damage is crucial. 

Radioresistance in rare GI tumors, especially 
GISTs, poses a significant treatment challenge.                 
Although radiotherapy advancements have improved 
tumor control, radioresistance persists (1, 2, 20).                 
Molecular mechanisms, including ncRNAs, contribute 
to this resistance. In GISTs, lncRNAs and circRNAs 
potentially affect radiation sensitivity by regulating 
DNA repair, apoptosis, and cell cycle pathways,               
similar to other cancers (21) 

Research into rare gastrointestinal cancers is  
exploring ways to enhance radiotherapy                           
effectiveness. One promising approach is integrating 
radiotherapy with molecular-targeted therapies, such 
as TKIs for GISTs, to improve tumor control and 
overcome radiation resistance. Proton beam therapy 
and SBRT enable high-dose radiation delivery to                
tumors while minimizing damage to surrounding 
healthy tissues, making them ideal for tumors near 
critical structures. 

 

Technical advances in radiotherapy 
Recent technical advancements in radiotherapy 

have transformed cancer treatment by enhancing 
radiation precision and reducing harm to healthy 
tissues. For gastrointestinal cancers, these                        
innovations have notably improved therapeutic              
outcomes due to their complex anatomy and                
proximity to vital organs. Techniques like 3D-CRT, 
IMRT, SBRT, and proton beam therapy enable more 
accurate tumor targeting while preserving nearby 
normal tissues. This section examines these            
advancements, the importance of MRI and CT              
imaging in planning, and emerging methods such as 
proton beam therapy and microbiome modulation               
in enhancing radiotherapy outcomes for                            
gastrointestinal cancers. 

3D-CRT, an early advancement in radiotherapy, 
enables clinicians to shape radiation beams to the 
tumor's three-dimensional form using imaging data 
from CT or MRI to precisely map the tumor's size, 
shape, and location. This technique is especially              
beneficial for cancers in complex anatomical regions 
like the digestive tract, as it conforms the radiation 
dose to the tumor's geometry, minimizing exposure 
to surrounding healthy tissues (22). In gastrointestinal 
cancers, 3D-CRT has been effectively used to treat 
oesophageal, gastric, and rectal tumours, where     

precise radiation delivery is crucial due to their               
proximity to vital organs such as the heart, lungs, and 
intestines. Studies indicate that 3D-CRT enhances 
local control and reduces complications like radiation
-induced esophagitis and pneumonitis in oesophageal 
cancer patients (23-25). Although largely surpassed by 
newer techniques such as IMRT, 3D-CRT remains  
valuable, particularly in resource-limited settings 
where advanced technologies are less accessible. 

IMRT significantly improves upon 3D-CRT by 
modulating radiation intensity within each beam.  
Using software, IMRT plans and delivers varying   
radiation doses across the tumor, effectively treating 
irregularly shaped tumors or those near sensitive 
structures. This is particularly advantageous in                
gastrointestinal cancers, where sparing critical               
structures like the liver, kidneys, and small bowel 
from excessive radiation is essential (23). IMRT has 
shown considerable efficacy in treating esophageal 
cancer by reducing lung and heart damage, common 
in conventional radiotherapy. By adjusting radiation 
intensity within the treatment field, IMRT delivers 
high doses to the tumor while minimizing exposure to 
healthy tissues. This is crucial for treating cancers 
requiring high radiation doses, such as locally               
advanced esophageal and rectal cancers (25). A key 
advantage of IMRT is its ability to reduce                          
radiotherapy-associated toxicities, which is vital for 
gastrointestinal cancer patients prone to nausea, 
vomiting, diarrhoea, and fatigue. IMRT has been 
shown to decrease these side effects compared to 3D-
CRT, thereby enhancing patient quality of life during 
treatment (23, 25). 

SBRT is a sophisticated radiation therapy modality 
that delivers concentrated, high-dose radiation in a 
few sessions (typically 1-5). It is particularly effective 
for small, well-defined tumors or metastatic lesions 
and is increasingly used for pancreatic, hepatic,                
and colorectal metastases. Unlike conventional 
radiotherapy, which spans several weeks, SBRT 
achieves similar therapeutic outcomes in less time, 
making it suitable for patients with limited life 
expectancy or those ineligible for surgery (6, 53, 56, 69). 
SBRT also excels in pain management, with a meta-
analysis showing a significantly reduced risk of 
stationary pain during follow-up, although increases 
in partial pain relief and decreases in progressive 
pain were not significant (70). In pancreatic cancer, 
SBRT is promising for managing locally advanced and 
unresectable tumors, offering high local control rates 
with minimal toxicity. Its precision minimizes 
radiation exposure to surrounding organs, such as the 
stomach, duodenum, and small bowel, reducing 
radiation-induced damage. SBRT ensures excellent 
tumor control with fewer side effects than traditional 
radiotherapy, making it valuable for palliative care in 
pancreatic cancer patients. A cohort study showed 
significant reductions in mean total gross tumor 
volume at 3 and 6 months post-SBRT, with 
progression-free survival rates of 88% and 65% at 6 
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and 12 months, and overall survival rates of 89% and 
56% at 6 and 12 months, with no grade 4/5 adverse 
events (26). In colorectal cancer, SBRT is used for 
oligometastatic disease, especially when metastases 
are confined to the liver, bones, or lungs (27–30). SBRT 
offers a non-invasive alternative to surgery, 
effectively treating metastatic lesions with minimal 
recovery time. It can be combined with systemic 
therapies like chemotherapy and immunotherapy to 
enhance efficacy, providing a multimodal approach to 
cancer treatment (31). For instance, the ongoing RIFLE 
Phase II trial involves SBRT followed by fruquintinib 
and tislelizumab within 2 weeks for patients who 
failed first-line standard treatments (32). 

Proton beam radiation therapy, an advanced form 
of radiation therapy, uses protons instead of X-rays to 
treat cancer. Protons' Bragg peak property allows 
energy deposition at a specific tissue depth, 
minimizing radiation beyond that point. This is 
particularly beneficial for tumors near critical 
structures, reducing damage to healthy tissues (33). In 
gastrointestinal cancers, proton beam therapy is 
increasingly used for esophageal, liver, and 
pancreatic tumors, where traditional radiotherapy 
risks harming nearby organs. For instance, in 
esophageal cancer, it limits radiation exposure to the 
heart and lungs, lowering cardiopulmonary 
complication risks (34). In liver cancer, it delivers 
higher doses to tumors while sparing surrounding 
liver tissue, reducing the risk of radiation-induced 
liver disease. A phase III trial showed proton beam 
therapy was safer than radiofrequency ablation for 
recurrent hepatocellular carcinoma, with fewer 
toxicities (35). Proton beam therapy is also 
advantageous for pediatric gastrointestinal cancers 
(36), where minimizing radiation to developing organs 
is crucial. Its precision in targeting tumors while 
sparing surrounding tissues makes it ideal for young 
patients susceptible to long-term radiation side 
effects. 

IGRT uses imaging techniques like CT, MRI, and 
ultrasound to monitor tumor positions during 
treatment, enabling real-time radiation beam 
adjustments. This is crucial for gastrointestinal 
cancers, where tumors may shift due to respiration, 
digestion, and patient movement (37, 38). IGRT 
enhances radiotherapy accuracy for these cancers, 
reducing geographic misses and limiting radiation 
exposure to surrounding tissues. It adapts to changes 
in tumor size and shape during treatment, ensuring 
radiation doses target the tumor while sparing 
healthy tissues. This adaptation is vital during long-
course radiotherapy, where tumor regression can 
occur over weeks of treatment (39-42). 

MRI is essential in radiotherapy planning and 
delivery for gastrointestinal cancers, offering 
superior soft tissue contrast over CT for tumor 
delineation and identification of critical structures. In 
rectal cancer, MRI is the gold standard for staging 

and post-neoadjuvant chemoradiation therapy 
restaging (43). MRI's key applications include 
assessing tumor regression, visualizing tumor 
shrinkage, and guiding surgery or additional 
treatments. It is also used for real-time tumor 
tracking during radiotherapy for precise targeting as 
the tumor moves with respiration (44) and digestion. 
Furthermore, MRI aids in adaptive radiotherapy, 
adjusting treatment plans based on tumor size and 
shape changes, potentially improving local control 
and reducing radiation-related side effects in 
gastrointestinal cancers (45-47). 

Recent research emphasizes the gut microbiome's 
role in modulating radiotherapy efficacy and toxicity 
for gastrointestinal cancers (48). The gut microbiome, 
comprising trillions of microorganisms in the 
digestive tract, is vital for maintaining gut 
homeostasis and regulating immune responses (49). 
Dysbiosis, an imbalance in gut microbiota, is 
associated with increased gastrointestinal toxicity 
and reduced treatment efficacy during radiotherapy 
(50-53). Studies indicate that probiotics and prebiotics 
can restore gut microbiota balance during 
radiotherapy, mitigating radiation-induced side 
effects like diarrhea and mucositis (54). Emerging 
evidence also suggests the microbiome may enhance 
the immune response to radiotherapy, aiding in 
cancer cell recognition and destruction (51). 

Advancements in radiotherapy technologies, such 
as proton arc therapy, which merges proton beam 
therapy with rotational radiation delivery, promise 
improved precision in treating gastrointestinal 
cancers. Additionally, integrating artificial 
intelligence (AI) into radiotherapy planning is 
expected to revolutionize the field by enabling 
personalized treatment plans tailored to individual 
tumor characteristics and anatomy. Machine learning 
has been used to enhance survival prediction (56) and 
preoperative lymphovascular and perineural 
invasion (57). As computational power and 
methodologies advance, AI's role in improving 
prognosis and management of digestive tract tumors 
is likely to grow. Combining radiotherapy with 
immunotherapy, particularly immune checkpoint 
inhibitors, has shown synergistic effects in boosting 
the immune system’s cancer-fighting abilities. Early 
clinical trials for gastrointestinal cancers report 
improved survival outcomes (55-59). 

 

Side effects of radiotherapy and treatments 
Radiotherapy is essential for treating digestive 

tract cancers such as esophageal, gastric, and rectal 
cancers, along with rare gastrointestinal 
malignancies. Despite its efficacy, it can cause 
significant side effects that affect a patient’s quality of 
life. These side effects are categorized as acute (short-
term) or chronic (long-term), based on their timing 
relative to the treatment period. 

Acute    side    effects    are    immediate    reactions  
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occurring during or shortly after radiotherapy, 
significantly impacting patient well-being. Common 
across various digestive tract cancers due to similar 
tissue responses, some side effects are specific to 
cancer types based on anatomical and physiological 
differences. Patients treated for esophageal, stomach, 
rectal cancers, and rare gastrointestinal tumors 
frequently suffer from nausea and vomiting due to 
radiation-induced gastrointestinal inflammation. 
Lowering the treatment dose or halting therapy may 
provide relief but can compromise treatment 
effectiveness. Combining radiotherapy with 
chemotherapy increases the risk of these symptoms, 
as chemotherapeutic drugs heighten healthy tissue 
sensitivity to radiation. 

Radiation-induced gastrointestinal mucosa 
inflammation can be managed pharmacologically. 
Loperamide, the first-line treatment for radiation-
induced diarrhea, slows intestinal activity; if 
ineffective after 24 hours, fluoroquinolone antibiotics 
may be used, though rising resistance limits their 
efficacy. For loperamide-resistant cases, octreotide, 
especially in higher doses, may be used, though its 
efficacy varies. Amifostine, an FDA-approved 
radioprotector, mitigates mucositis by selectively 
protecting healthy cells without shielding tumors, 
beneficial for head and neck, lung, and pelvic cancer 
patients. Melatonin and metformin show promise due 
to their antioxidant and anti-inflammatory 
properties; melatonin enhances DNA repair and 
reduces inflammatory cytokines, while metformin 
stimulates DNA repair via the MAPK pathway and 
suppresses oxidative stress enzymes. Sucralfate, a 
topical cytoprotective agent, alleviates acute 
radiation proctitis symptoms like diarrhea and rectal 
bleeding in pelvic radiotherapy patients. Additionally, 
Glucagon-like Peptide 2 (GLP-2) analogs promote 
intestinal healing by stimulating crypt cell 
proliferation and reducing mucosal apoptosis (60). 

Fatigue is another common acute side effect in 
digestive tract cancers treated with radiotherapy, 
including esophagogastric tumors, due to systemic 
inflammation, anemia, increased metabolic demands 
for tissue repair, and psychological stress (61). 

Management of cancer-related fatigue (CRF) 
includes pharmacological and non-pharmacological 
treatments, often yielding moderate benefits. 
Pharmacologically, stimulants like methylphenidate 
show modest effects and can cause side effects                
such as sleep disturbances and appetite loss,       
possibly worsening fatigue. Methylphenidate is 
contraindicated for patients with uncontrolled 
hypertension or cardiac issues, suitable only for 
select survivors when benefits outweigh risks. 
Antidepressants like bupropion may help when CRF 
co-occurs with depression but require caution in 
anxious patients. Erythropoietin can alleviate anemia
-related CRF by increasing hemoglobin but is 
recommended selectively due to risks like tumor 

progression and cardiovascular issues. Non-
pharmacological treatments, especially exercise, 
show greater efficacy in reducing CRF. Aerobic 
exercise during treatment significantly reduces 
fatigue, with longer-duration programs post-
treatment offering more benefits. Prehabilitation 
programs combining exercise, psychological support, 
and nutrition may improve postoperative outcomes, 
but their specific efficacy in CRF reduction needs 
more evidence (61, 62). 

Radiation esophagitis, affecting under 1% of 
radiation therapy patients, usually appears within 
two months, presenting symptoms like dysphagia and 
odynophagia. Diagnosis is difficult due to nonspecific 
endoscopic findings and histological changes 
mimicking infections such as cytomegalovirus. 
Management is symptom-based, using topical 
analgesics like liquid morphine sulfate and 
combination solutions with viscous lidocaine, 
aluminum hydroxide–magnesium carbonate, and 
diphenhydramine (63). Proton pump inhibitors and 
dietary modifications address reflux from decreased 
lower esophageal sphincter pressure, while sodium 
bicarbonate prevents Candida albicans 
superinfection. Endoscopic dilation treats esophageal 
strictures to improve swallowing (64). Nutritional 
support, including tube feedings or parenteral 
nutrition, is necessary for severe weight loss or 
failure to thrive. In severe cases, radiation therapy 
may be temporarily halted to allow symptom 
improvement. Prokinetic agents like metoclopramide 
enhance esophageal motility, and nitrates, calcium 
channel blockers, and anticholinergic agents alleviate 
esophageal spasms. NSAIDs like indomethacin are 
proposed to reduce prostaglandin-mediated 
inflammation (65,66). Management aims to relieve pain, 
manage complications, ensure nutrition, and 
maintain cancer therapy, requiring a 
multidisciplinary approach. 

Radiation pneumonitis, a potential side effect for 
esophageal cancer patients due to esophagus-lung 
proximity, causes symptoms like cough, shortness of 
breath, and fever. Despite being less common with 
modern radiotherapy techniques like IMRT and 
proton beam therapy, it requires careful monitoring 
(67). Accurate diagnosis distinguishes it from disease 
progression and infection. Treatment involves high-
dose systemic corticosteroids for symptomatic 
patients or those with grade 2 or higher symptoms. 
Oral prednisone is prescribed at 1-2 mg/kg/day, 
tapered over 3-12 weeks, while severe cases (grades 
3-4) require intravenous corticosteroids like 
methylprednisolone at 2-4 mg/kg/day, tapered over 
six weeks (68). Glucocorticoids reduce inflammation 
by inhibiting TNF-induced nitric oxide-mediated 
endothelial cell and lymphocyte toxicity (69). 
Prophylactic treatment for Pneumocystis jirovecii 
pneumonia is advised for patients on high-dose 
corticosteroids (70). 
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Inhaled corticosteroids may treat grade 2 
radiation pneumonitis by delivering high doses 
directly to the airway with reduced systemic side 
effects; however, their efficacy in cancer patients is 
less studied. Glucocorticoid therapy benefits are 
unlikely for chronic radiation fibrosis patients. 
Pentoxifylline, an immunomodulatory and anti-
inflammatory agent, has shown promise in 
preventing fibrosis by suppressing TNF-α and IL-1 
(71). Administered at 400 mg orally three times daily 
for eight weeks, pentoxifylline has improved clinical 
signs and reduced lung fibrosis, especially with alpha-
tocopherol (vitamin E) over six months (72, 73). 

Amifostine, a radioprotective agent acting as a free 
radical scavenger, has been shown in meta-analyses 
to reduce radiation pneumonitis risk compared to 
placebo or no treatment, without affecting tumor 
response adversely (74-76). Angiotensin-converting 
enzyme inhibitors exhibit antifibrotic activity against 
lung collagen accumulation, primarily observed in 
retrospective studies. Other agents like colchicine, 
penicillamine, statins, and interferon-gamma may 
also help modify fibrosis progression due to their 
effects on collagen synthesis (77, 78). 

Recently, nintedanib has emerged as a promising 
therapeutic and prophylactic option for radiation-
induced fibrosis, showing benefits in reducing the 
annual decline in forced vital capacity in idiopathic 
pulmonary fibrosis patients, a condition with similar 
pathophysiology to radiation-induced fibrosis (79). A 
phase 3 clinical study revealed that in the general 
study population, the adjusted annual forced vital 
capacity decline was -80.8 ml for nintedanib 
recipients versus -187.8 ml for placebo. Among 
participants with a usual interstitial pneumonia-like 
fibrotic pattern, the adjusted forced vital capacity 
decline was -82.9 ml per year with nintedanib 
treatment, compared to -211.1 ml per year with 
placebo. The nintedanib group experienced higher 
incidences of diarrhea and liver function test 
abnormalities compared to the placebo group (80). 
While corticosteroids remain the primary treatment 
for acute RP, these additional therapies offer potential 
for preventing or mitigating fibrosis development. 

Diarrhea is a common acute side effect in patients 
treated for gastric and rectal cancers due to radiation-
induced damage to the epithelial lining of the small 
intestine and colon, leading to increased stool 
frequency and urgency, dehydration, and electrolyte 
imbalances. Rectal cancer patients often experience 
radiation proctitis, characterized by inflammation of 
the rectal mucosa, causing diarrhea, rectal bleeding, 
painful defecation, and mucus discharge, which 
significantly impact quality of life. Pelvic irradiation 
can also cause urinary symptoms such as increased 
frequency and dysuria due to radiation cystitis (81). 
Current management of radiation-induced intestinal 
injury focuses on symptom alleviation through 
supportive care, using medications like loperamide 

for diarrhea, anticonvulsants for abdominal pain, and 
antibiotics to prevent bacterial overgrowth (82). 

Radiotherapy-induced skin irritation is another 
side effect in patients with esophageal cancer and 
rare gastrointestinal cancers, causing redness, 
dryness, or itching, depending on radiation dose and 
duration (83). Topical corticosteroids, such as 
mometasone furoate (MMF), are highly effective in 
reducing inflammation and pro-inflammatory 
mediators in irradiated skin (84). Emulsions with 
trolamine are used to treat radiation dermatitis, 
offering benefits like dead tissue removal, fibroblast 
growth enhancement, and reduced vascular 
alterations, without significant adverse effects (84–86). 

The gut microbiome may modulate radiotherapy 
side effects, with dysbiosis linked to increased 
gastrointestinal toxicity, exacerbating diarrhea, 
nausea, and mucosal damage. Conversely, a healthy 
microbiome may enhance immune responses and 
treatment tolerability. Probiotic supplementation has 
shown promise in mitigating side effects by restoring 
microbial balance and enhancing mucosal healing, 
indicating potential for microbiome-targeted 
interventions to improve radiotherapy tolerability in 
digestive tract cancer patients. 

Chronic side effects are long-term complications 
emerging months or years post-radiotherapy, 
significantly impacting patient quality of life and 
necessitating ongoing management. Common chronic 
side effects in digestive tract cancers include 
radiation-induced fibrosis and cardiotoxicity. 
Radiation-induced fibrosis can severely affect various 
organs. In esophageal cancer patients, it may cause 
esophageal scarring and narrowing, leading to 
chronic dysphagia. Pulmonary fibrosis, resulting from 
long-term lung tissue damage, can reduce pulmonary 
function, cause chronic cough, and shortness of 
breath (66, 87). Treatments include dosimetry and 
reduced radiation doses, with therapies targeting 
broad pathways of radiation damage, such as anti-
inflammatory drugs, antioxidants, and vascular 
interventions. Despite promising lab and animal 
studies, clinical trials show inconsistent results. This 
variability has shifted focus to combination therapies, 
like antioxidants with vascular treatments (e.g., 
pentoxifylline and Vitamin E), though constrained by 
small sample sizes and conflicting findings (87-89). 

Chronic radiation proctitis (CRP) affects 5-20% of 
cancer patients, typically delayed by 3-6 months. Its 
likelihood is influenced by the irradiated rectum 
volume, total radiation dose, technique, and dose per 
fraction, alongside patient-specific factors like 
vascular disease, diabetes, connective tissue 
disorders, inflammatory bowel disease, smoking, and 
concurrent chemotherapy. CRP causes long-term 
bowel dysfunction, including persistent diarrhea, 
rectal bleeding, and bowel control loss. Radiation 
enteritis, from small intestine damage, can lead to 
malabsorption, chronic diarrhea, abdominal 
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discomfort, and increased intestinal blockage risk. 
CRP treatments vary by patient factors and CRP 
subtype, with comprehensive reviews of therapeutic 
options available (90). A meta-analysis showed that 
using alternative therapies, such as acupuncture and 
moxibustion (burning dried mugwort on certain 
points of the body) for radiation enteritis resulted in 
more favorable outcomes than traditional treatments 
(85). 

Radiation-induced cardiotoxicity is a serious 
concern, especially in esophageal cancer patients due 
to heart proximity to the radiation field (88). It 
includes pericarditis, cardiomyopathy, and 
accelerated coronary artery disease, significantly 
impacting morbidity, mortality, and manifesting years 
post-treatment (89, 90). Cardiac events correlate with 
preexisting heart conditions and radiation therapy 
type (IMRT or proton beam), with fewer 
complications in patients receiving a mean heart 
dose below 15 Gy. These events also link to reduced 
overall survival rates (91). 

A meta-analysis studied the risk factors of 
postoperative pulmonary infection in patients with 
colorectal cancer following radiotherapy. It was found 
that gender, body mass index (BMI), surgical method, 
and smoking history significantly influenced the risk. 
Specifically, male patients, those with a higher BMI, 
patients undergoing open surgery, and smokers were 
more likely to develop infections. Notably, age, TNM 
stage, operation time, and chronic obstructive 
pulmonary disease were not identified as risk factors 
(87).  

Chronic side effects can include radiation 
nephritis, leading to hypertension and impaired 
kidney function when radiation involves the kidneys. 
There is also a rare risk of secondary malignancies in 
the irradiated area years after treatment. In pelvic 
radiotherapy, sexual dysfunction may occur, with 
potential long-term effects including erectile 
dysfunction in men and vaginal dryness or stenosis in 
women (92).  

Advancements in radiotherapy techniques have 
reduced the incidence and severity of acute and 
chronic side effects. Precision methods like IMRT and 
proton beam therapy allow accurate targeting of 
tumors, sparing healthy tissues and reducing 
exposure to critical organs. This minimizes acute side 
effects such as esophagitis and radiation proctitis and 
decreases long-term complications like fibrosis and 
cardiotoxicity. Additionally, by more strictly 
controlling radial margin expansion when using 
radiotherapy for esophageal cancer with 
tomotherapy can help reduce the likelihood of 
radiation-related toxicity (92). 

Supportive care is essential in managing side 
effects. Prophylactic treatments, such as antiemetics 
for nausea, analgesics for pain, and nutritional 
support, improve patient comfort during treatment. 
Early symptom management enhances treatment 

adherence and quality of life. Ongoing monitoring and 
management of chronic side effects are crucial for 
long-term outcomes and quality of life for cancer 
survivors. Table 1 summarizes potential side effects 
and treatment options. Understanding the acute and 
chronic side effects of radiotherapy in digestive tract 
cancers is essential for optimizing patient care. Acute 
side effects, including nausea, vomiting, fatigue, and 
organ-specific inflammations, impact patients during 
treatment, while chronic side effects like fibrosis, 
cardiotoxicity, and long-term organ dysfunction affect 
survivors' quality of life post-therapy. Advanced 
radiotherapy techniques, supportive care, and 
ongoing research into factors like the gut microbiome 
are crucial for minimizing these adverse effects and 
improving treatment outcomes. 
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Table 1. Summary of side effects and treatment options for 
radiotherapy-induced adverse events in digestive tract               

cancers. 
Side Effect Treatment Options 

Nausea and 
vomiting 

Lowering treatment dose 
(may compromise effectiveness) 

Stopping therapy 
(may compromise effectiveness) 

Radiation-
induced  

diarrhoea 

Loperamide 
Fluoroquinolone antibiotics 
(for persistent symptoms) 

Octreotide (for severe cases) 
Amifostine (for mucositis) 

Sucralfate (for acute radiation proctitis) 
Glucagon-like Peptide 2 (GLP-2) analogues 

Fatigue 

Pharmacological: Methylphenidate, Antidepres-
sants (e.g., Bupropion), Erythropoietin 

Non-Pharmacological: Exercise interventions, 
Prehabilitation programs 

Radiation 
esophagitis 

Pain relief: Topical analgesics 
(e.g., liquid morphine sulphate) 

Proton pump inhibitors (for reflux) 
Endoscopic dilation (for strictures) 

Prokinetic agents (e.g., metoclopramide) 
NSAIDs (e.g., indomethacin) 

Radiation 
pneumonitis 

Systemic corticosteroids (e.g., oral prednisone or 
intravenous corticosteroids for severe cases) 

Inhaled corticosteroids (less studied) 
Pentoxifylline (for fibrosis prevention) 

Amifostine (as a radioprotector) 
diarrhoea (in 
gastric and 

rectal  
cancers) 

Loperamide 
Compound phenoperidine 

Anticonvulsants (for abdominal pain) 
Antibiotics (to prevent bacterial overgrowth) 

Skin irritation 
(radiotherapy

-induced) 

Topical corticosteroids 
(e.g., Mometasone furoate) 

Trolamine-containing emulsions 
Triethanolamine 

(for radiation dermatitis and skin damage) 

Radiation-
induced  
fibrosis 

Combination therapies 
(e.g., Pentoxifylline and Vitamin E) 

Antioxidants 
Anti-inflammatory medications 

Vascular therapies 

Chronic  
radiation 
proctitis 

Individualized treatment plans depending on 
patient factors 

Symptomatic treatments (for bowel dysfunction, 
diarrhea, rectal bleeding) 

Radiation-
induced  

cardiotoxicity 

Dosimetry adjustments to lower radiation dose 
Monitoring and management of existing heart 

conditions 
Use of modern techniques like IMRT or proton 

beam therapy (to minimize damage) 
Radiotherapy

-induced 
sexual  

dysfunction 

Erectile dysfunction treatments (for men) 

Vaginal dryness/stenosis treatments 
(for women) 
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DISCUSSION 
 

Radiotherapy is crucial for treating digestive tract 
cancers, including esophageal, gastric, and rectal 
cancers, as well as rare gastrointestinal malignancies. 
Despite technological advancements, challenges like 
treatment precision, patient-specific factors, and 
radiotherapy resistance persist. Future strategies 
involve personalized treatment, novel therapeutic 
combinations, and optimizing current technologies. 

Standardized radiotherapy protocols for rare 
gastrointestinal cancers, such as GISTs and 
pancreatoblastomas, are lacking. These tumors are 
often radioresistant, with surgery and tyrosine 
kinase inhibitors being standard treatments. 
Techniques like SBRT and proton beam therapy show 
promise, but clinical trials are needed to establish 
guidelines. Further research is required to evaluate 
radiotherapy's role in these rare tumors and develop 
clear protocols. 

Personalizing radiotherapy based on genetics and 
tumor biology is a gap in current treatments. Most 
plans rely on tumor size and stage, while precision 
medicine in other oncology fields has not been fully 
integrated. Biomarkers like circulating tumor DNA 
could predict radiotherapy response, but more 
research is needed for validation and clinical 
incorporation. 

Managing long-term side effects remains a major 
concern, with chronic complications like bowel 
dysfunction, urinary incontinence, and radiation 
fibrosis significantly impacting quality of life. Rectal 
cancer patients often face long-term bowel 
dysfunction, while esophageal cancer patients may 
develop strictures or pulmonary fibrosis. Techniques 
like IMRT and proton beam therapy have reduced 
these effects, but further strategies are needed to 
minimize long-term complications. 

Future avenues to improve radiotherapy 
outcomes for gastrointestinal cancers include 
integrating AI to optimize treatment plans, predict 
tumor responses, and minimize damage to healthy 
tissues through large dataset analysis. Machine 
learning models are being developed to aid treatment 
planning and may enable real-time adaptive 
radiotherapy,  adjusting radiation  delivery  based  on  

tumor changes during treatment. 
Proton beam therapy precisely targets tumors 

while minimizing exposure to adjacent healthy 
tissues, benefiting tumors near critical organs like the 
liver and pancreas, and reducing complications such 
as radiation-induced liver disease. Carbon ion 
therapy is being explored for treating radioresistant 
tumors, potentially offering advantages over 
conventional radiotherapy. 

Combining radiotherapy with immunotherapy is 
an emerging research area. Radiotherapy can 
stimulate the immune system to attack tumors 
outside the radiation field by releasing tumor 
antigens during cell death, known as the abscopal 
effect. Clinical trials testing radiotherapy with 
immune checkpoint inhibitors have shown promising 
early results in cancers like esophageal and rectal 
cancer, potentially overcoming radioresistance and 
improving treatment outcomes. 

Modulating the microbiome to enhance 
radiotherapy outcomes is also gaining interest. 
Dysbiosis, or gut microbiota imbalance, is linked to 
increased gastrointestinal toxicity during 
radiotherapy, while a healthy microbiome may boost 
immune responses and treatment efficacy. Strategies 
like probiotics, prebiotics, and fecal microbiota 
transplantation are being investigated to restore a 
healthy microbiome and mitigate radiotherapy side 
effects. 

Combining radiotherapy with chemotherapy is 
becoming the standard approach for digestive tract 
tumors, with current approaches and indications 
summarized in table 2. The key clinical trials                      
on approaches involving radiotherapy for 
gastrointestinal tumors are shown in table 3. 

While radiotherapy has significantly advanced in 
treating gastrointestinal cancers, challenges such as 
radioresistance, long-term side effects, and the need 
for personalized treatments persist. Future 
developments, including artificial intelligence 
integration, advanced radiation techniques, and 
immunotherapy combination, hold promise for 
enhancing radiotherapy outcomes. Addressing these 
gaps will improve radiotherapy effectiveness and 
reduce side effects, ultimately improving patient 
quality of life. 
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CONCLUSION 
 

Radiotherapy is vital in treating several types of 
digestive tract tumours, offering improved survival 
and tumour control. Despite advancements, 
challenges like tumour radioresistance, long-term 
side effects, and lack of personalized protocols 

remain. Precision techniques, such as proton beam 
therapy, and innovations like AI-driven treatment 
planning show promise in enhancing outcomes and 
reducing complications. Emerging strategies, 
including combining radiotherapy with 
immunotherapy and microbiome modulation, aim to 
overcome resistance and improve efficacy. 
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Table 2. Summary of radiotherapy approaches for digestive tract tumors. 

Tumor type Treatment approach 
Chemotherapy regimen 

(if applicable) 
Radiotherapy technique Indications 

Esophageal cancer 
  

Neoadjuvant chemoradiotherapy Carboplatin + Paclitaxel IMRT or PBT 
Locally advanced 

resectable tumors 

Palliative radiotherapy N/A SBRT, Brachytherapy 
Symptomatic control 
in inoperable tumors 

Gastric cancer 

Neoadjuvant chemoradiotherapy 
FLOT, ECF (Epirubicin, 

Cisplatin, 5-FU) 
IMRT 

High-risk, locally 
advanced tumors 

Adjuvant chemoradiotherapy 
Fluorouracil-based 

regimens 
IMRT 

Post-surgery, 
high-risk patients 

Palliative radiotherapy N/A IMRT, SBRT 
Symptom control in 
advanced disease 

Pancreatic 
neuroendocrine Tumors 

Palliative chemoradiotherapy 
Fluorouracil-based or 

platinum-based regimens 
SBRT, IMRT 

Unresectable or 
borderline tumors 

Hepatobiliary tumors Palliative radiotherapy N/A SBRT 
Localized control of 

unresectable tumors 
Gastrointestinal 

stromal tumors (GIST) 
Palliative radiotherapy N/A IFRT, SBRT 

For TKI-resistant, 
unresectable disease 

Lymphomas (MALT) IFRT N/A IFRT 
Localized gastric 

lymphomas 

Table 3. summary of the major completed and ongoing clinical trials on radiotherapy for gastrointestinal cancers. 

Trial Name Cancer type Treatment regimen Outcomes 
First author, 

year 
Reference 

CROSS 
Esophageal  

adenocarcinoma & 
SCC 

Neoadjuvant chemoradiotherapy 
(carboplatin + paclitaxel, 41.4 Gy in 23 

fractions) followed by surgery 

Improved 5-year overall survival 
(47% vs 34%) and R0 resection 

rate (92% vs 69%) 

van Hagen 
et al., 2012 

(94) 

ARTIST Gastric cancer 
Postoperative chemoradiotherapy 

(capecitabine + cisplatin, 45 Gy in 25  
fractions) versus chemotherapy alone 

No significant OS difference 
overall, but improved DFS in 

node-positive patients (HR 0.69) 

Lee et al., 
2012 

(95) 

ARTIST II Gastric cancer 
S-1 (control), SOX (S-1 + oxaliplatin), or 

SOXRT (SOX + radiotherapy) 

3-year DFS rates: S-1 (64.8%), 
SOX (74.3%), SOXRT (72.8%). HR 

for DFS: S-1 vs. SOX, 0.692 
(P=0.042) 

Park et al., 
2020 

(96) 

RTOG 8501 Esophageal cancer 
Definitive chemoradiotherapy (cisplatin + 

5-FU, 50 Gy radiotherapy) 

Improved median survival (14.1 
vs 9.3 months) compared to RT 

alone 

Cooper et 
al., 1999 

(97) 

CRITICS Gastric cancer 
Perioperative chemotherapy (epirubicin, 
cisplatin, capecitabine) ± postoperative 

chemoradiotherapy 

No significant difference in 5-
year OS or DFS (41.3% vs 40.9%) 

Cats et al., 
2018 

  
(98) 

CRITICS-II Gastric cancer 

(1) 4 cycles of docetaxel + oxaliplatin + 
capecitabine (DOC), (2) 2 cycles of DOC 

followed by chemoradiotherapy (45Gy in 
combination with weekly paclitaxel and 
carboplatin) or (3) chemoradiotherapy. 

Ongoing; evaluating survival and 
R0 resection rates 

Slagter et 
al., 2018 

(99) 

SWOG 
S1316 

Gastric cancer 
Comparison of palliative radiation therapy 
regimens (standard dose vs short-course 

high dose) 

Ongoing; aims to evaluate 
symptom control and quality of 

life outcomes 

Krouse et 
al., 2023 

(100) 

CheckMate 
577 

Esophageal 
adenocarcinoma 

Adjuvant nivolumab after 
chemoradiotherapy and resection 

Improved DFS (22.4 vs 11.0 
months, HR 0.69) 

Kelly et al., 
2021 

(101) 

DURVA-
EMERALD 

Biliary tract cancer 
Durvalumab + tremelimumab +  

gemcitabine/cisplatin ± resection 

Ongoing; aims to assess            
conversion rates from unresec-

table to resectable and OS 
- - 

KEYNOTE-
585 

Gastric and 
gastroesophageal 

cancer 

Neoadjuvant pembrolizumab +  
chemotherapy followed by surgery 

Ongoing; aims to assess           
pathologic complete response 
(pCR) and survival outcomes 

Shitara et 
al., 2024 

(102) 

NETTER-2 
Gastroentero-

pancreatic NETs 
[177Lu]Lu-DOTA-TATE 

(Lutetium-based radiopharmaceutical) 

Ongoing; evaluating progression
-free survival and radiological 

response 

ASCO GI 
Symposium 

(103) 
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Addressing these gaps through research and clinical 
trials will optimize radiotherapy’s effectiveness while 
prioritizing patient quality of life, paving the way for 
more targeted, adaptable, and successful treatments 
for digestive tract cancers. 

 

ACKNOWLEDGMENTS 
We would like to thank MedicEditor for the 

comprehensive language editing. 
 

Conflict of interests: The authors declare that they 
have no conflicts of interest.  
Funding: No funding was received. 
Ethical consideration: Not applicable.  
Author contributions: All authors equally 
contributed to the work and were involved in 
drafting and revising the manuscript. 

 
 

REFERENCES 
 

1. Bellefkih FZ, Benchakroun N, Lalya I, et al. (2023) Radiotherapy in 
the management of rare gastrointestinal cancers: A systematic re-
view. Cancer Radiother, 27: 622-637. 

2.  Zhang H, Jiang T, Mu M, et al. (2022) Radiotherapy in the manage-
ment of gastrointestinal stromal tumors: A systematic review. 
Cancers (Basel), 14: 3169.  

3.  Lolli C, Pantaleo MA, Nannini M, et al. (2011) Successful radio-
therapy for local control of progressively increasing metastasis of 
gastrointestinal stromal tumor. Rare Tumors, 3: e49.4. 

4.  Miettinen M and Lasota J (2001) Gastrointestinal stromal tumors-
definition, clinical, histological, immunohistochemical, and molec-
ular genetic features and differential diagnosis. Virchows Arch, 
438: 1-12. 

5.  Vaamonde-Martín RJ, Ballesta-Ruiz M, Sánchez-Gil A, et al. (2023) 
Incidence trends and main features of gastro-intestinal stromal 
tumours in a mediterranean region: A population-based study. 
Cancers (Basel), 15: 2994.  

6.  Cameron MG, Kersten C, Vistad I, et al., (2016), Palliative pelvic 
radiotherapy for symptomatic rectal cancer–a prospective multi-
center study. Acta Oncol (Madr), 55: 1400-1407. 

7.  Burkoň P, Slávik M, Kazda T, et al. (2019) Stereotactic body radio-
therapy - current indications. Klin Onkol, 32: 10-24. 

8.  Serrano C, Martín-Broto J, Asencio-Pascual JM, et al. (2023) 2023 
GEIS Guidelines for gastrointestinal stromal tumors. Ther Adv 
Med Oncol, 15: 17588359231192388. 

9.  Cao L, Tian W, Zhao Y, et al. (2024) Gene mutations in gastrointes-
tinal stromal tumors: advances in treatment and mechanism re-
search. Glob Med Genet, 11: 251-262. 

10.  Loi M, Duijm M, Baker S, et al. (2018) Stereotactic body radiother-
apy for oligometastatic soft tissue sarcoma. Radiol Med, 123: 871-
878. 

11.  Liu Y, El Jabbour T, Somma J, et al. (2024) Blastomas of the diges-
tive system in adults: A review. World J Gastrointest Surg, 16: 
1030-1042. 

12.  Li J, Wang G, Jiang Z. (2024) Gastroblastoma: a case report and lit-
erature review. Front Oncol, 14: 1354021.  

13.  Wey EA, Britton AJ, Sferra JJ, et al. (2012) Gastroblastoma in a 28-
year-old man with nodal metastasis: proof of the malignant po-
tential. Arch Pathol Lab Med, 136: 961-964. 

14.  Toumi O, Ammar H, Korbi I, et al. (2017) Gastroblastoma, a bipha-
sic neoplasm of stomach: A case report. Int J Surg Case Rep, 39: 
72-76. 

15.  Ozkan E (2018) Radiotherapy for Gastrointestinal Stromal Tumors. 
Chin Med J (Engl), 131: 235. 

16.  Liu Y, El Jabbour T, Somma J, et al. (2024) Blastomas of the diges-
tive system in adults: A review. World J Gastrointest Surg, 16: 
1030-1042. 

17.  Bai, Xing-hua, Dang, et al. (2020) Comparison between intensity-
modulated radiotherapy and three-dimensional conformal radio-
therapy for their effectiveness in esophageal cancer treatment: A 
retrospective single institution study. Journal of Oncology, 2020: 
6582341. 

18.  Tonison J.J., Fischer, S.G., Viehrig, M. et al. (2019) Radiation pneu-
monitis after intensity-modulated radiotherapy for esophageal 
cancer: Institutional data and a systematic review. Sci Rep, 9: 
2255.  

19.  Xu K, Guo H, Xia A, et al., (2023) Non-coding RNAs in radiotherapy 
resistance: Roles and therapeutic implications in gastrointestinal 
cancer. Biomed Pharmacother, 161: 114485. 

20.  Xu D, Li G, Li H, et al. (2017) Comparison of IMRT versus 3D-CRT in 
the treatment of esophagus cancer: A systematic review and me-
ta-analysis. Medicine, 96: e7685. 

21.  Tang W, Li X, Yu H, et al. (2021) A novel nomogram containing 
acute radiation esophagitis predicting radiation pneumonitis in 
thoracic cancer receiving radiotherapy. BMC Cancer, 21: 585.   

22.  Valdagni R, Rancati T, Fiorino C, et al. (2008) Development of a set 
of nomograms to predict acute lower gastrointestinal toxicity for 
prostate cancer 3D-CRT. Int J Radiat Oncol Biol Phys, 71: 1065-
1073. 

23.  Troeller A, Yan D, Marina O, et al. (2015) Comparison and limita-
tions of DVH-based NTCP models derived from 3D-CRT and IMRT 
data for prediction of gastrointestinal toxicities in prostate cancer 
patients by using propensity score matched pair analysis. Int J Ra-
diat Oncol Biol Phys, 91: 435-443. 

24.  Goyal K, Einstein D, Ibarra RA, et al. (2012) Stereotactic body radi-
ation therapy for nonresectable tumors of the pancreas. J Surg 
Res, 174: 319-325. 

25.  Seo YS, Kim MS, Yoo HJ, et al. (2014) Stereotactic body radiother-
apy for oligo-recurrence within the nodal area from colorectal 
cancer. World J Gastroenterol, 20: 2005-2013. 

26.  Takeda A, Sanuki N, Kunieda E. (2014) Role of stereotactic body 
radiotherapy for oligometastasis from colorectal cancer. World J 
Gastroenterol, 20: 4220-4229. 

27.  Sanuki N, Takeda A, Tsurugai Y, et al. (2022) Role of stereotactic 
body radiotherapy in multidisciplinary management of liver me-
tastases in patients with colorectal cancer. Jpn J Radiol, 40: 1009-
1016. 

28.  van Dorp M, Trimbos C, Schreurs WH, et al. (2023) Colorectal Pul-
monary Metastases: Pulmonary Metastasectomy or Stereotactic 
Radiotherapy? Cancers, 15: 5186. 

29.  Kobiela J, Spychalski P, Marvaso G, et al. (2018) Ablative stereo-
tactic radiotherapy for oligometastatic colorectal cancer: System-
atic review. Crit Rev Oncol Hematol, 129: 91-101. 

30.  Wang K, Chen Y, Zhang Z, et al. (2023) RIFLE: a Phase II trial of ste-
reotactic ablative radiotherapy combined with fruquintinib and 
tislelizumab in metastatic colorectal cancer. Gastroenterol Rep, 
11: goad063. 

31.  Barker C, Lowe M, Radhakrishna G. (2019) An introduction to pro-
ton beam therapy. Br J Hosp Med, 80: 574-578. 

32.  Chuong MD, Hallemeier CL, Jabbour SK, et al. (2016) Improving 
outcomes for esophageal cancer using proton beam therapy. Int J 
Radiat Oncol Biol Phys, 95: 488-497. 

33.  Kim TH, Koh YH, Kim BH, et al. (2021) Proton beam radiotherapy 
vs. radiofrequency ablation for recurrent hepatocellular carcino-
ma: A randomized phase III trial. J Hepatol, 74: 603-612. 

34.  Oshiro Y, Okumura T, Mizumoto M, et al. (2013) Proton beam 
therapy for unresectable hepatoblastoma in children: survival in 
one case. Acta Oncol, 52: 600-603. 

35.  Bertholet J, Vinogradskiy Y, Hu Y, et al. (2021) Advances in image-
guided adaptive radiation therapy. Int J Radiat Oncol Biol Phys, 
110: 625-628. 

36.  Kraynak J and Marciscano AE. (2023) Image-guided radiation ther-
apy of tumors in preclinical models. Methods Cell Biol, 180: 1-13. 

37.  Boldrini L, Intven M, Bassetti M, et al. (2021) MR-guided radio-
therapy for rectal cancer: current perspective on organ preserva-
tion. Front Oncol, 11: 619852. 

38.  Roeder F, Fastner G, Fussl C, et al. (2023) First clinical application 
of image-guided intraoperative electron radiation therapy with 
real time intraoperative dose calculation in recurrent rectal can-
cer: technical procedure. Radiat Oncol, 18: 186. 

39.  van den Ende RPJ, Kerkhof EM, Rigter LS, et al., (2019) Feasibility 
of gold fiducial markers as a surrogate for gross tumor volume po-
sition in image-guided radiation therapy of rectal cancer. Int J Ra-
diat Oncol Biol Phys, 105: 1151-1159. 

40.  Gwynne S, Webster R, Adams R, et al. (2012) Image-guided radio-
therapy for rectal cancer: a systematic review. Clin Oncol, 24: 250-
260. 

41.  Grazzini G, Danti G, Chiti G, et al. (2023) Local recurrences in rec-
tal cancer: MRI vs. CT. Diagnostics, 13: 2104. 

42.  Tahmasebi N, Boulanger P, Yun J, et al. (2020) Real-time lung tu-
mor tracking using a CUDA enabled nonrigid registration algo-

767 Chen et al. / Radiotherapy for digestive tract tumors 

 [
 D

O
I:

 1
0.

61
88

2/
ijr

r.
23

.3
.3

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ai
l.i

jr
r.

co
m

 o
n 

20
25

-1
0-

30
 ]

 

                            11 / 14

http://dx.doi.org/10.61882/ijrr.23.3.34
https://mail.ijrr.com/article-1-6678-en.html


rithm for MRI. IEEE J Transl Eng Health Med, 8: 4300308. 
43.  Bogveradze N, Snaebjornsson P, Grotenhuis BA, et al. (2023) MRI 

anatomy of the rectum: key concepts important for rectal cancer 
staging and treatment planning. Insights Imaging, 14: 13. 

44.  Fernandes MC, Gollub MJ, Brown G (2022) The importance of MRI 
for rectal cancer evaluation. Surg Oncol, 43: 101739. 

45.  Bates DDB, El Homsi M, Chang KJ, et al. (2022) MRI for rectal can-
cer: staging, mrCRM, EMVI, lymph node staging and post-
treatment response. Clin Colorectal Cancer, 21: 10-18. 

46.  Lu L, Li F, Gao Y, et al. (2024) Microbiome in radiotherapy: an 
emerging approach to enhance treatment efficacy and reduce tis-
sue injury. Molecular Medicine, 2024: 105. 

47.  Barko PC, McMichael MA, Swanson KS, et al. (2018) The gastroin-
testinal microbiome: A review. J Vet Intern Med, 32: 9-25. 

48.  Lu L, Li W, Sun C, et al. (2020) Phycocyanin ameliorates radiation-
induced acute intestinal toxicity by regulating the effect of the gut 
microbiota on the TLR4/Myd88/NF-κB pathway. JPEN J Parenter 
Enteral Nutr, 44: 1308-1317. 

49.  Zhu R, Lang T, Yan W, et al. (2021) Gut microbiota: influence on 
carcinogenesis and modulation strategies by drug delivery sys-
tems to improve cancer therapy. Adv Sci (Weinh), 8: 2003542. 

50.  Ferreira MR, Andreyev HJN, Mohammed K, et al. (2019) Microbio-
ta- and radiotherapy-induced gastrointestinal side-effects (MARS) 
study: A large pilot study of the microbiome in acute and late-
radiation enteropathy. Clin Cancer Res, 25: 6487-6500. 

51.  Mete LS, Assisi D, Casale V. (2007) Efficacy of butyrate on rectal 
toxicity of radiotherapy in prostate cancer patients. Digestive and 
Liver Disease Supplements, 1: 23-26. 

52.  Ahrén IL, Bjurberg M, Steineck G, et al. (2023) Decreasing the ad-
verse effects in pelvic radiation therapy: a randomized controlled 
trial evaluating the use of probiotics. Adv Radiat Oncol, 8: 101089. 

53.  Wei T, Ti W, Song Q, et al. (2022) Study of PD-1 inhibitors in com-
bination with chemoradiotherapy/chemotherapy in patients with 
esophageal squamous carcinoma. Current Oncology, 2022, 29: 
2920 -2927. 

54.  Wang J, Cheng Y, Wu Y, et al. (2022) 1262TiP Efficacy and safety 
of consolidative camrelizumab following definitive concurrent 
chemoradiotherapy in patients with locally advanced esophageal 
squamous cell cancer. Annals of Oncology, 33: S1124. 

55.  Van Den Ende T, De Clercq NC, Van Berge Henegouwen MI, et al. 
(2021) Neoadjuvant chemoradiotherapy combined with atezoli-
zumab for resectable esophageal adenocarcinoma: A single-arm 
phase ii feasibility trial (PERFECT). Clinical Cancer Research, 27: 
3351-3359. 

56.  Zhu M, Chen C, Foster NR, et al. (2022) Pembrolizumab in combi-
nation with neoadjuvant chemoradiotherapy for patients with re-
sectable adenocarcinoma of the gastroesophageal junction. Clini-
cal Cancer Research, 28: 3021-3031. 

57.  Uboha NV, Eickhoff JC, Maloney JD, et al. (2022) Phase I/II trial of 
perioperative avelumab in combination with chemoradiation 
(CRT) in the treatment of stage II/III resectable esophageal and 
gastroesophageal junction (E/GEJ) cancer. Journal of Clinical On-
cology, 40: 4034-4034. 

58.  Zhou Y, Li K, Adelson DL. (2024) An unmet need for 
pharmacology: Treatments for radiation-induced gastrointestinal 
mucositis. Biomed Pharmacother, 175: 116767. 

59.  Yang S, Chu S, Gao Y, et al. (2019) A narrative review of cancer-
related fatigue (CRF) and its possible pathogenesis. Cells, 8: 738. 

60.  Thong MSY, van Noorden CJF, Steindorf K, et al. (2020) Cancer-
related fatigue: causes and current treatment options. Curr Treat 
Options Oncol, 21: 17. 

61.  Bradley J and Movsas B (2004) Radiation esophagitis: Predictive 
factors and preventive strategies. Semin Radiat Oncol, 14: 280-
286. 

62.  Ajayi OD, Leggett CL, Myburgh SJ, et al. (2019) Esophageal stric-
ture following radiation, concurrent immunochemotherapy, 
treated with hyperbaric oxygen and dilation. Mayo Clin Proc Innov 
Qual Outcomes, 3: 241-245. 

63.  Xin Z, Liu Q, Ai D, et al. (2023) Radiotherapy for advanced esopha-
geal cancer: from palliation to curation. Curr Treat Options Oncol, 
24: 1568-1579. 

64.  Murro D and Jakate S. (2015) Radiation esophagitis. Arch Pathol 
Lab Med, 139: 827-830. 

65.  Arroyo-Hernández M, Maldonado F, Lozano-Ruiz F, et al. 
(2021),Radiation-induced lung injury: current evidence. BMC Pulm 
Med, 21: 9. 

66.  Jain V and Berman AT. (2018) Radiation pneumonitis: old 
problem, new tricks. Cancers (Basel), 10: 222. 

67.  Baden LR, Swaminathan S, Angarone M, et al. (2016) Prevention 

and treatment of cancer-related infections, version 2.2016, NCCN 
clinical practice guidelines in oncology. J Natl Compr Canc Netw, 
14: 882-913. 

68.  Liebling M, Rubio E, Ie S. (2015) Prophylaxis for pneumocystis jiro-
veci pneumonia: is it a necessity in pulmonary patients on high-
dose, chronic corticosteroid therapy without AIDS? Expert Rev 
Respir Med, 9: 171-181. 

69.  Kouloulias V, Zygogianni A, Efstathopoulos E et al. (2013) Sugges-
tion for a new grading scale for radiation induced pneumonitis 
based on radiological findings of computerized tomography: cor-
relation with clinical and radiotherapeutic parameters in lung can-
cer patients. Asian Pac J Cancer Prev, 14: 2717-2722. 

70.  Magnusson M, Höglund P, Johansson K, et al. (2009) Pentoxifyl-
line and vitamin E treatment for prevention of radiation-induced 
side-effects in women with breast cancer: a phase two, double-
blind, placebo-controlled randomised clinical trial (Ptx-5). Eur J 
Cancer, 45: 2488-2495. 

71.  Ozturk B, Egehan I, Atavci S, et al. (2004) Pentoxifylline in preven-
tion of radiation-induced lung toxicity in patients with breast and 
lung cancer: A double-blind randomized trial. Int J Radiat Oncol 
Biol Phys, 58: 213-219. 

72.  Vujaskovic Z, Qin FF, Rabbani ZN, et al. (2002) Assessment of the 
protective effect of amifostine on radiation-induced pulmonary 
toxicity. Exp Lung Res, 28: 577-590. 

73.  Sasse AD, De Oliveira Clark LG, Sasse EC, et al. (2006) Amifostine 
reduces side effects and improves complete response rate during 
radiotherapy: results of a meta-analysis. Int J Radiat Oncol Biol 
Phys, 64: 784-791. 

74.  Mell LK, Malik R, Komaki R, et al. (2007) Effect of amifostine on 
response rates in locally advanced non-small-cell lung cancer pa-
tients treated on randomized controlled trials: a meta-analysis. 
Int J Radiat Oncol Biol Phys, 68: 111-118. 

75.  Kharofa J, Cohen EP, Tomic R, et al. (2012) Decreased risk of radi-
ation pneumonitis with incidental concurrent use of angiotensin-
converting enzyme inhibitors and thoracic radiation therapy. Int J 
Radiat Oncol Biol Phys, 84: 238-243. 

76.  Ghosh SN, Zhang R, Fish BL, et al. (2009) Renin-Angiotensin sys-
tem suppression mitigates experimental radiation pneumonitis. 
Int J Radiat Oncol Biol Phys, 75: 1528-1536. 

77.  Richeldi L, du Bois RM, Raghu G, et al. (2014) Efficacy and safety 
of nintedanib in idiopathic pulmonary fibrosis. N Engl J Med, 370: 
2071-2082. 

78.  Flaherty KR, Wells AU, Cottin V, et al. (2019) Nintedanib in pro-
gressive fibrosing interstitial lung diseases. N Engl J Med, 381: 
1718-1727. 

79.  Lu Q, Liang Y, Tian S, et al. (2023) Radiation-induced intestinal in-
jury: injury mechanism and potential treatment strategies. Toxics, 
11: 1011. 

80.  Hauer-Jensen M, Denham JW, Andreyev HJN. (2014) Radiation 
enteropathy--pathogenesis, treatment and prevention. Nat Rev 
Gastroenterol Hepatol, 11: 470-479. 

81.  Burke G, Faithfull S, Probst H. (2022) Radiation induced skin reac-
tions during and following radiotherapy: A systematic review of 
interventions. Radiography, 28: 232-239. 

82.  de Menêses AG, dos Reis PED, Guerra ENS, et al. (2018) Use of 
trolamine to prevent and treat acute radiation dermatitis: A sys-
tematic review and meta-analysis. Rev Lat Am Enfermagem, 26: 
e2929. 

83.  Harper JL, Franklin LE, Jenrette JM, et al., (2004), Skin toxicity dur-
ing breast irradiation: Pathophysiology and management. South 
Med J, 97: 989-993. 

84.  Hymes SR, Strom EA, Fife C. (2006) Radiation dermatitis: clinical 
presentation, pathophysiology, and treatment 2006. J Am Acad 
Dermatol, 54: 28-46. 

85.  Guo H, Zhang J, Yang HQ, et al. (2024) Acupuncture therapies on 
radiotherapy-induced radiation enteritis: A systematic review and 
meta-analysis. International Journal of Radiation Research, 22 (3): 
521-527. 

86.  Fijardo M, Kwan JYY, Bissey PA, et al. (2024) The clinical manifes-
tations and molecular pathogenesis of radiation fibrosis. EBio-
Medicine, 103: 105089. 

87.  Xiaoshuai Z, Zhendong Z, Xiaoke S. (2024) Meta-analysis of risk 
factors for postoperative pulmonary infection in patients with col-
orectal cancer after radiotherapy. International Journal of Radia-
tion Research, 22: 719-725. 

88.  Hayashi Y, Iijima H, Isohashi F, et al. (2019) The heart’s exposure 
to radiation increases the risk of cardiac toxicity after chemoradi-
otherapy for superficial esophageal cancer: a retrospective cohort 
study. BMC Cancer, 19: 195. 

768 Int. J. Radiat. Res., Vol. 23 No. 3, July 2025 

 [
 D

O
I:

 1
0.

61
88

2/
ijr

r.
23

.3
.3

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ai
l.i

jr
r.

co
m

 o
n 

20
25

-1
0-

30
 ]

 

                            12 / 14

http://dx.doi.org/10.61882/ijrr.23.3.34
https://mail.ijrr.com/article-1-6678-en.html


89.  Spetz J, Moslehi J, Sarosiek K. (2018) Radiation-induced cardiovas-
cular toxicity: mechanisms, prevention, and treatment. Curr Treat 
Options Cardiovasc Med, 20: 31. 

90.  Yusuf SW, Venkatesulu BP, Mahadevan LS, et al. (2017) Radiation-
induced cardiovascular disease: a clinical perspective. Front Cardi-
ovasc Med, 4: 66. 

91.  Wang X, Palaskas NL, Yusuf SW, et al. (2020) Incidence and onset 
of severe cardiac events after radiotherapy for esophageal can-
cer. Journal of Thoracic Oncology, 15: 1682-1690. 

92.  Tian X, Shen Z, Wang S, et al. (2024) Dosimetric comparison of 
different radial and longitudinal margins for tomotherapy in 
esophageal cancer. International Journal of Radiation Research, 
22: 387-393. 

93.  Klaus R, Niyazi M, Lange-Sperandio B. (2021) Radiation-induced 
kidney toxicity: molecular and cellular pathogenesis. Radiat On-
col, 16: 43. 

94.  van Hagen P, Hulshof MCCM, van Lanschot JJB, et al. (2012) Pre-
operative chemoradiotherapy for esophageal or junctional can-
cer. New England Journal of Medicine, 366: 2074-2084. 

95.  Lee J, Lim DH, Kim S, et al. (2012) Phase III trial comparing cape-
citabine plus cisplatin versus capecitabine plus cisplatin with con-
current capecitabine radiotherapy in completely resected gastric 
cancer with D2 lymph node dissection: The ARTIST trial. Journal of 
Clinical Oncology, 30: 268-273. 

96.  Park SH, Lim DH, Sohn TS, et al. (2021) A randomized phase III tri-
al 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, 32: 368-374. 

97.  JS C, MD G, H. A, et al. (1999) Chemoradiotherapy of locally ad-
vanced esophageal cancer: long-term follow-up of a prospective 

randomized trial (RTOG 85-01). Radiation Therapy Oncology 
Group. JAMA, 281: 1623-1627. 

98.  Cats A, Jansen EPM, van Grieken NCT, et al. (2018) Chemotherapy 
versus chemoradiotherapy after surgery and preoperative chemo-
therapy for resectable gastric cancer (CRITICS): an international, 
open-label, randomised phase 3 trial. Lancet Oncol, 19: 616-628. 

99.  Slagter AE, Jansen EPM, van Laarhoven HWM, et al. (2018) CRIT-
ICS-II: A multicentre randomised phase II trial of neo-adjuvant 
chemotherapy followed by surgery versus neo-adjuvant chemo-
therapy and subsequent chemoradiotherapy followed by surgery 
versus neo-adjuvant chemoradiotherapy followed by surgery in 
resectable gastric cancer. BMC Cancer, 18: 877. 

100.  Krouse RS, Anderson GL, Arnold KB, et al. (2023) Surgical versus 
non-surgical management for patients with malignant bowel ob-
struction (S1316): a pragmatic comparative effectiveness trial. 
Lancet Gastroenterol Hepatol, 8: 908-918. 

101.  Kelly RJ, Ajani JA, Kuzdzal J, et al. (2021) Adjuvant Nivolumab in 
resected esophageal or gastroesophageal junction cancer. New 
England Journal of Medicine, 384: 1191-1203. 

102.  Shitara K, Rha SY, Wyrwicz LS, et al. (2024) Neoadjuvant and ad-
juvant pembrolizumab plus chemotherapy in locally advanced 
gastric or gastro-oesophageal cancer (KEYNOTE-585): an interim 
analysis of the multicenter, double-blind, randomized phase 3 
study. Lancet Oncol, 25: 212-224. 

103. Singh S, Halperin D, Myrehaug S, et al. (2024) [177Lu]Lu-DOTA-
TATE plus long-acting octreotide versus high-dose long-acting 
octreotide for the treatment of newly diagnosed, advanced 
grade 2–3, well-differentiated, gastroenteropancreatic neuroen-
docrine tumors (NETTER-2): an open-label, randomized, phase 3 
study. The Lancet, 403: 2807-2817. 

769 Chen et al. / Radiotherapy for digestive tract tumors 

 [
 D

O
I:

 1
0.

61
88

2/
ijr

r.
23

.3
.3

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ai
l.i

jr
r.

co
m

 o
n 

20
25

-1
0-

30
 ]

 

                            13 / 14

http://dx.doi.org/10.61882/ijrr.23.3.34
https://mail.ijrr.com/article-1-6678-en.html


 [
 D

O
I:

 1
0.

61
88

2/
ijr

r.
23

.3
.3

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ai
l.i

jr
r.

co
m

 o
n 

20
25

-1
0-

30
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            14 / 14

http://dx.doi.org/10.61882/ijrr.23.3.34
https://mail.ijrr.com/article-1-6678-en.html
http://www.tcpdf.org

