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In recent years, radiotherapy (RT) has been used to treat hepatocellular carcinoma (HCC) at each 
stage. This clinical trend has developed with the increasing improvement of RT techniques, 
which show clinical results comparable to those of other treatment modalities. Intensity-
modulated radiotherapy uses a high radiation dose to improve treatment effectiveness. 
However, the associated radiation toxicity can damage adjacent organs. Radiation-induced 
gastric damage with gastric ulcers is a complication of RT. This report presents a novel 
management strategy for preventing post-RT gastric ulcers. We present the case of a 53-year-
old male patient diagnosed with HCC, who experienced gastric ulcer after RT. Before the 
second round of RT, the patient was administered a gas-foaming agent, which was effective in 
preventing RT complications. (J Liver Cancer 2022;22:183-187)
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most com-

mon primary cancers, and is the sixth most common cancer 

both worldwide and in South Korea.1,2 Several treatment op-

tions are available for managing patients with HCC, but cu-

rative modalities are limited as most cases are diagnosed at 

an intermediate or advanced stage.3 Although many treat-

ment options exist for HCC patients, and each treatment 

modality has advanced in the past decades, the 5-year overall 

survival rate continues to be less than 20%.2 In the past, ra-

diotherapy (RT) has been used as a salvage or palliative treat-

ment, and only a few guidelines refer to the role of RT. The use 

of RT is complicated as it is difficult to avoid radiation expo-

sure to normal hepatocytes and adjacent organs. In the mod-

ern era, RT has emerged as a treatment for HCC.4 As RT tech-

niques have improved, intensity-modulated radiotherapy 

(IMRT), stereotactic ablative body radiotherapy, and charged 

particle therapy have been used to treat HCC. However, radia-

tion-induced gastric damage (RIGD) commonly occurs as a 

side effect of upper abdominal RT.5 Most cases of RIGD are 

mild and self-limiting; however, late toxicities, including ulcer-

ative bleeding, perforation, and stenosis, are potentially life 

threatening. Here, we report the case of a 53-year-old male pa-

tient with HCC who was treated with a gas foaming agent be-

fore RT to prevent RIGD due to radiation toxicity. This case 

report is described in accordance with the CARE guidelines 

(available at https://www.care-statement.org/).
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CASE REPORT

A 53-year-old male with a history of alcoholic liver cirrho-

sis was transferred for computed tomography (CT) to further 

evaluate suspected HCCs in segment 3 and segment 8 of the 

liver (Fig. 1). On the CT image, the S8 mass showed a rim 

enhancement pattern and central hypo-enhancement in the 

arterial phase, and insufficient washout in the portal/delayed 

phase. The subcapsular portion of the S3 liver segment 

showed insufficient enhancement to diagnose HCC. Mag-

netic resonance imaging to diagnose HCC was unsuccessful 

due to lack of patient cooperation. In the initial laboratory 

tests, the alpha-fetoprotein level was 5.7 ng/mL and the pro-

tein level induced by vitamin K absence II was 41.04 mAU/

mL. A platelet count of 147,000/µL, prothrombin time of 

11.9 sec, albumin level of 3.8 g/dL, total bilirubin level of 0.8 

mg/dL, alanine aminotransferase level of 27 IU/L and aspar-

tate aminotransferase level of 37 IU/L were obtained. The 

patient had no history of hepatic encephalopathy or ascites. 

Therefore, his liver function was considered good, with a 

Child-Pugh score of 5 (Class A). The performance status was 

also good, with an Eastern Cooperative Oncology Group  

Figure 1. (A) Liver dynamic computed tomography (CT) showing a hepatocellular carcinoma (HCC) in segment 8 at initial visit, and (B) follow-up 
after 1 month. (C) Liver dynamic CT showing HCC in segment 3 at initial visit, and (D) follow-up after 1 month.
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Figure 2. (A, B) Esophagogastroduodenoscopy after radiation therapy reveals a gastric ulcer.

A B



185

 Sung Hoon Chang, et al.
 Post-radiotherapy management of HCC

http://e-jlc.org

status of 0. The patient had Modified Union for International 

Cancer Control (UICC) stage II, T2N0M0, and the Barcelo-

na Clinic Liver Cancer (BCLC) stage was BCLC A. Based on 

the modified UICC and BCLC staging systems, emboliza-

tion, ablation, and liver transplantation were considered as 

treatments for HCC. After a multidisciplinary approach, 

transarterial chemoembolization (TACE) was performed for 

diagnostic or therapeutic purposes, considering patient com-

pliance, socioeconomic status, and reluctance to undergo 

surgery. 

Angiography revealed hypervascular tumor staining, and 

chemoembolization was performed for the S3 and S8 lesions. 

A follow-up CT scan after 1 month showed insufficient lipi-

odol uptake in the S3 lesion. RT of the S3 lesion comprising 

10 fractions totaling 62 Gy was performed. However, 1 month 

later, the patient complained of dyspepsia and epigastric 

pain. Esophagogastroduodenoscopy revealed an acute gastric 

ulcer in the anterior wall of the antrum (Fig. 2). The patient 

was given ulcer medication and his symptoms improved.

Nine months later, the size of the enhanced lesion (S3) in-

creased slightly because the radiation dose was insufficient 

for the tumor location: the lesion was close to the edge of the 

stomach. Since it was not possible to attempt high-dose RT 

due to the risk of gastric ulcer, TACE was considered an al-

ternative method. However, this approach failed when the 

patient was unable to cooperate. Although RT was consid-

ered as an option, the risk of complications such as gastric 

ulcers was a limitation. Radiation directly to the tumor in S3, 

as was performed in the previous RT round, could worsen 

the gastric ulcer. To this end, sodium bicarbonate/tartaric 

acid (a gas-foaming agent) was used in order to prevent a ra-

diation-induced gastric ulcer. A second RT of 46 Gy/23 fx 

was performed for the S3 lesion. For each RT, 4.0 g of the 

gas-foaming agent was used for the patient who weighed 65 

kg. In addition, scopolamine was applied to suppress intesti-

nal movement 1 hours before treatment. We also performed 

cone-beam CT before and after all radiation treatments, and 

an insignificant change was confirmed compared to the 

Figure 3. (A, B) Simulation computed tomography before secondary radiotherapy using gas-foaming agents. Compared to a previously shrunk 
stomach, an air-filled stomach induces movement of the included radiation area.
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Figure 4. (A-C) After approximately 1 year of radiation therapy, a decrease in the size of hepatocellular carcinoma (circle) is observed on follow-
up computed tomography.

A B C



186 http://e-jlc.org

Volume 22 Number 2, September 2022

planned target volume (Fig. 3). The patient’s prior symptoms 

of dyspepsia and epigastric pain did not recur after RT with 

the gas-foaming agent. A recent CT scan showed that the S3 

lesion had decreased markedly, without any viable portion 

(Fig. 4).

DISCUSSION

Here we report a case in which we introduced an alterna-

tive method to prevent complications during RT for HCC. 

After multidisciplinary consultation, TACE was performed 

as the second treatment option. As TACE failed, with no up-

take into the tumor lesion, RT was performed next. The S3 

lesion did not improve on follow-up CT; therefore, addition-

al RT was considered. To address gastric ulcer complications 

associated with RT, a gas-foaming agent was used.

Considering the BCLC/TNM stage, surgery was recom-

mended; however, the second option (TACE) was chosen 

because of the patient’s socioeconomic status and preferenc-

es. In a study by Kim et al.,6 more than half of patients with 

early stage HCC underwent TACE as the first-line treatment. 

In some cases, the treatment modalities chosen in actual 

clinical practice differed from the BCLC treatment guide-

lines.

A high dose of radiation can be used in IMRT, sparing 

normal tissue even when the tumor is located near critical 

organs.7 Broadly speaking, the irradiation tolerance of the 

stomach is intermediate between that of the small intestine 

and rectum. Local complications, such as gastric ulcers, can 

occur as a consequence of RT. Radiation doses to the entire 

organ between 45 Gy and 50 Gy rarely cause significant 

RIGD. According to Lee et al.,8 the incidence rate of gastro-

duodenal ulcers after IMRT is 9.1%. Overall, severe late ef-

fects have been estimated to occur in roughly 0.5-3.0% of 

patients receiving radical RT of the gastrointestinal tract.9 

Recommended preventive strategies include proton pump 

inhibitors, meticulous irradiation techniques, oversight of 

fractionation, and control of stomach volume. 

In this case, a gastric ulcer had already developed after RT, 

and therefore, it was necessary to find a prophylactic measure 

before the next RT in order to prevent another gastric ulcer. 

Despite having never tried this technique before, based on 

the recommendation of the radiologist, treatment based on 

the lateral electron disequilibrium was adopted. Practically, 

an air-filled stomach induces movement of the stomach po-

sition (the gastric ulcer site), which reduces the radiation 

dose and prevents complications. Theoretically, an alteration 

in the radiation dose due to electron scattering in tissues with 

different densities (lateral electron disequilibrium) can re-

duce the radiation dose.10,11 By applying this principle to this 

case, we increased the distance between the HCC and the 

stomach, and decreased the radiation effect. This trial could 

not be repeated because the amount of air was not constant, 

and the stomach wall was not positioned as expected. Practi-

cally, we presumed that complications would be reduced ow-

ing to the following mechanisms: anatomical changes in the 

stomach after air movement, origin of the radiation area, and 

the distal antrum anterior wall side being located outside the 

radiation field. However, this treatment is limited as it is dif-

ficult to predict the side effects of stomach filling agents, and 

further efforts are needed to prevent the occurrence of RT-

induced gastric ulcers.
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