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Radiation-induced liver disease mimicking liver 
metastasis after low-dose hepatic irradiation 
during radiotherapy for gastric mucosa-assisted 
lymphoid tissue lymphoma
A case report
Hyeli Park, MDa,b, Sun Young Lee, MD, PhDc,d,*

Abstract 
Rationale: Radiation-induced liver disease (RILD) is an established complication of hepatic irradiation that is typically reported 
in patients receiving high-dose radiotherapy for hepatocellular carcinoma or liver metastases. However, RILD can also occur after 
unintentional low-dose liver exposure during radiotherapy for other gastrointestinal malignancies when careful precautions are not 
taken.

Patient concerns: We report the case of a 44-year-old woman with gastric mucosa-associated lymphoid tissue lymphoma 
who underwent salvage radiotherapy administered to the entire stomach. One month after completing this radiotherapy, computed 
tomography and magnetic resonance imaging of the patient’s abdomen revealed a 4 cm lesion in the left lateral liver segment, 
suggestive of metastasis.

Diagnoses: An ultrasound-guided biopsy was performed, and the histopathological findings were consistent with those of 
RILD.

Interventions: Conservative management was pursued with close monitoring of liver function tests.

Outcomes: The patient’s imaging findings and liver enzyme levels normalized approximately 3 months after the initial diagnosis.

Lessons: This case highlights the importance of considering RILD in the differential diagnosis of new hepatic lesions detected 
after radiotherapy, even in patients with low-dose liver exposure within generally acceptable limits. Careful correlation with the 
radiotherapy plan is crucial to avoid misdiagnosing RILD as metastatic disease and to guide appropriate management.

Abbreviations: ALP = alkaline phosphatase, ALT = alanine aminotransferase, AST = aspartate aminotransferase, CT = 
computed tomography, CTV = clinical target volume, EOB-MRI = gadolinium ethoxybenzyl diethylenetriamine pentaacetic acid-
enhanced magnetic resonance imaging, Gd-EOB-DTPA = gadolinium ethoxybenzyl diethylenetriamine pentaacetic acid, GTV = 
gross target volume, IMRT = intensity-modulated radiotherapy, MALT = mucosa-associated lymphoid tissue, RILD = radiation-
induced liver disease, SBRT = stereotactic body radiation therapy, VOD = veno-occlusive disease.
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1. Introduction
Radiation-induced liver disease (RILD) is a well-recognized 
complication associated with hepatic irradiation.[1] RILD is 
generally categorized into two categories: classic and non-
classic forms.[2] Classic RILD, which typically develops after 

whole-liver irradiation, is characterized by ascites, analgesic 
hepatomegaly, thrombocytopenia, fatigue, abdominal pain, 
and elevated liver enzymes, especially alkaline phosphatase, 
with normal bilirubin and transaminase levels.[3] In contrast, 
nonclassic RILD usually occurs after partial irradiation and is 
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differentiated from classic RILD by elevated serum transam-
inases (to more than 5 times the upper limit of normal) and 
jaundice.[4] With the increasing use of radiotherapeutic tech-
niques that limit irradiation to partial liver volumes, nonclas-
sic RILD has become more prevalent.[2] RILD is commonly 
reported in patients who receive radiotherapy for primary and 
secondary liver malignancies. However, RILD can also occur 
after incidental liver exposure during abdominal irradiation for 
other malignancies.[5,6] The clinical manifestations of radiation- 
induced liver toxicity can range from asymptomatic cases to 
liver failure.[7]

2. Case report
A 44-year-old Asian woman was diagnosed with Helicobacter 
pylori-positive stage, that is, gastric mucosa-associated lym-
phoid tissue (MALT) lymphoma in February 2019. Despite 
undergoing H pylori eradication therapy, she had a residual 
gastric MALT lymphoma. Radiotherapy was administered to 
her entire stomach to treat this residual gastric MALT lym-
phoma. A total radiation dose of 40 Gy was delivered in 20 
fractions over 4 weeks (5 d/wk), using intensity-modulated 
radiotherapy (IMRT), until October 2019 (Fig. 1). The gross 
target volume (GTV) was defined as the whole stomach, 
excluding regional lymph node areas. Irradiation was deliv-
ered after a fasting period of at least 9 hours from midnight 
onward. The GTV was expanded by 10 mm to create the clin-
ical target volume (CTV), and the CTV was then expanded 
by an additional 10 mm to create the planning target volume. 
The radiotherapy dose was delivered using 6 MV photons in a 
linear accelerator (TB4072, Varian Medical Systems Inc., Palo 
Alto). The mean liver dose was 9.16 Gy, and the maximum 
liver dose was 40.47 Gy. The patient did not have any under-
lying liver disease.

In November 2019, 1 month after completing radiotherapy, 
the patient visited the emergency room due to acute abdominal 
pain. She had direct tenderness in her abdomen. Laboratory 
evaluation revealed elevated aspartate aminotransferase (AST) 
at 38 U/L and alanine aminotransferase (ALT) at 77 U/L (nor-
mal ranges: 0–32 U/L and 0–33 U/L, respectively). The alka-
line phosphatase activity was within the normal range at 58 
U/L (normal: 35–104 U/L; Table 1). Abdominal computed 

tomography (CT; Fig. 2) revealed a 4 cm enhancing lesion 
suggestive of metastasis in the left lateral segment of the liver. 
Magnetic resonance imaging (MRI) also suggested involvement 
in the left lateral segment of the liver (Fig. 3). An ultrasound- 
guided biopsy was performed for pathologic diagnosis. 
Histopathological examination of the liver biopsy specimen 
revealed sinusoidal denudation, lymphocytic infiltration, hem-
orrhage, and centrilobular fibrosis, consistent with the diag-
nosis of RILD (Fig. 4). These findings confirmed RILD rather 
than metastatic lymphoma, which was initially suspected based 
on the imaging findings. Upon fusion of the radiotherapy plan 
with postradiotherapy imaging, the 26 Gy isodose line cor-
related with the location of the hepatic lesion.

For the management of RILD, conservative treatment was 
pursued with close monitoring of liver function tests. The patient 
received supportive care including hepatoprotective agent con-
taining ursodeoxycholic acid and biphenyl dimethyl dicar-
boxylate. Corticosteroids or immunosuppressive agents were 
not administered. On follow-up imaging, including MRI per-
formed 2 months after the initial diagnosis of RILD, there was a 
decrease in the extent of the previously identified hepatic lesion 
in the left lateral lobe on the hepatobiliary phase indicating 
improved radiation-induced changes. On T2-weighted imaging, 
the lesion was no longer visible (Fig. 5). The patient’s elevated 
AST and ALT levels normalized after 4 months (Table 1). 
No residual lymphoma or hepatic lesions were detected on 

Figure 1.  Planning image of the gastric MALT lymphoma. MALT = mucosa-associated lymphoid tissue.

Table 1

Liver function test.

2019-11-09 2019-11-21 2019-12-2 2020-3-16

ALP (normal ranges: 
35–104 IU/L)

58 87 72 44

AST (normal ranges: 
0–32 U/L)

38 40 41 21

ALT (normal ranges: 
0–33 U/L)

77 59 45 22

T. bili (normal ranges: 
0.2–1.2 mg/dL)

0.62 0.49 0.61 0.61

ALP = alkaline phosphatase, ALT = alanine aminotransferase, AST = aspartate aminotransferase, 
T. bili = total bilirubin.
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esophagogastroduodenoscopy and abdominal CT scan during 
the subsequent follow-up period until February 2024.

3. Discussion
The incidence of RILD ranges from 5% to 44%, depending on 
radiotherapy-related factors such as the radiation dose, irradi-
ated liver volume, fraction size, and mean normal liver dose, as 
well as clinical factors such as the presence of primary hepato-
cellular carcinoma, history of hepatotoxic chemotherapy, and 
severity of hepatic cirrhosis.[8–10] Various dosimetric parame-
ters have been suggested to estimate the possibility of RILD. 
A whole-liver dose of <30 Gy in standard fractionation is gen-
erally considered safe. For stereotactic body radiation therapy 
(SBRT), it is recommended to maintain a minimum volume of 
700 cc below 15 Gy.[11] Liang et al[12] proposed V20 (normal 
liver volume receiving >20 Gy) as a predictive indicator for 
RILD. Additionally, a nomogram has been developed to predict 
the risk of nonclassic RILD.[13] The incidence of RILD has been 
decreasing due to advancements in radiotherapy technology and 
improved understanding of risk factors.[7,13,14]

Classic RILD typically manifests 2 weeks to 4 months after 
completing radiotherapy.[2,7,15] The pathognomonic manifestation 
associated with classic RILD is veno-occlusive disease (VOD). 
Radiotherapy damages radiosensitive endothelial cells, leading 
to subsequent fibrin deposition and trapping of erythrocytes.[16] 
These erythrocytes can occlude the central vein in the hepatic 
lobules.[17] The resulting retrograde congestion and decreased 
oxygen supply to the central zone cause hepatocyte necro-
sis.[10] Aside from injury to the endothelial cell lining, patients 
exhibiting severe congestive manifestations of typical RILD 
demonstrate activation of hepatic stellate cells.[18] The onset of 
nonclassic RILD usually occurs 1 to 12 weeks after radiother-
apy.[7] Nonclassic RILD is often accompanied by underlying liver 
disease, and its pathogenesis is not entirely clear. However, the 
loss of regenerating hepatocytes has been suggested as a potential 
mechanism. Additionally, hepatic sinusoidal endothelial death 
and hepatic stellate cell activation have been reported in non-
classic RILD patients. Such pathological changes could represent 
a consequential effect of radiation-induced mitotic disruption in 
hepatocytes undergoing regenerative division.[2,3,17]

In the present case, the patient developed RILD one month 
after completing radiotherapy, which aligns with the typical 
onset timeline for RILD. Moreover, her biopsy findings were 
consistent with the pathological features of classic RILD. 
However, the characteristic symptomatic hallmarks of classic 
RILD, including ascites, anicteric hepatomegaly, and elevated 
alkaline phosphatase, were notably absent, with only mild ele-
vations in AST and ALT detected.

After radiotherapy, CT parenchymal changes often start 
1 to 3 months after irradiation, peak at 1 to 6 months and 
resolve after 9 months.[4,19–21] In the acute phase (1–3 months), 
CT scans may show low attenuation in the irradiated area 
on precontrast images and arterial hyperenhancement.[4,7,16,19] 
Hypoenhancement in the portal venous phase persists, and 
increased delayed enhancement is observed in the subacute 
phase (3–6 months). In the chronic phase, the enhancement 
pattern typically normalizes.[4,16] VOD-induced parenchymal 
changes, including fibrotic, hemorrhagic or necrotic changes, 
cause hepatic edema or congestion.[7] This phenomenon con-
tributes to the hypoenhancement observed in the irradiated 
area. In the case of preserved hepatic function, hepatic vein 
occlusion induces drainage from the portal vein and a compen-
satory increase in inflow from the hepatic artery. This mecha-
nism explains the hyperdensity observed in the arterial phase 
on dynamic CT and MRI.[7,20] Disturbed venous drainage causes 
contrast media to concentrate in dilated hepatic sinusoids and 
remain in the interstitium of hypertrophied fibrous tissue, lead-
ing to delayed phase enhancement.[22]

The reported threshold doses for observing density changes 
on follow-up CT vary, ranging from 35 to 45 Gy delivered in 
conventional fractionation to 26 to 35 Gy after SBRT.[23–27]

Figure 2.  Abdominal and pelvic CT 1 mo after radiotherapy. Abdominal com-
puted tomography revealed a 4 cm ill-defined, heterogeneously enhancing 
lesion in the superior portion of the left liver, suggestive of metastasis. CT = 
computed tomography.

Figure 3.  MRI performed 1 mo after the completion of radiation therapy. MRI revealed an irregularly shaped mass in the left lateral segment of the liver exhibiting 
high signal intensity on T2-weighted images and subtle enhancement. These imaging features suggested the involvement of lymphoma in the left lateral hepatic 
segment. FS = fat suppressed imaging, M = minutes, MRI = magnetic resonance imaging.
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On MRI, T1 hypointensity and T2 hyperintensity can be 
observed due to focal edema. On contrast-enhanced dynamic 
MR images of the liver, the early arterial enhancement pattern is 
commonly seen to continue into delayed phases. Hyperintensity 
on diffusion-weighted imaging and a low apparent diffusion 
coefficient are also exhibited in the radiation zone.[7]

In the present case, the imaging findings of an enhancing 
lesion in the left lateral segment of the liver on CT and MRI one 
month after radiotherapy aligned with the expected appearance 
of RILD in the acute phase, occurring within the region that 
received approximately 26 Gy in conventional fractionation.

Kimura et al[20] reported three types of dynamic CT findings 
of RILD following SBRT, which changed over time and were 
influenced by the patient’s Child–Pugh class. The imaging fea-
tures of RILD are affected by the underlying pathologic changes 
and recovery induced by hemodynamic alterations and hepatic 
fibrosis.[7] These factors contribute to the nonspecific and varied 
imaging findings of RILD, often making it challenging to differ-
entiate RILD from other hepatic pathologies, such as metastatic 
lesions. In the era of 2D radiotherapy, attenuation differences 
bordering straight lines within the liver have been observed.[28] 
However, with the advent of 3-dimensional radiotherapy tech-
niques, including IMRT and SBRT, the imaging manifestations 

of radiation-induced liver changes have become more complex, 
further complicating the distinction between treatment effects 
and potential metastatic disease. CT and MRI may reveal 
hepatic lesions with variable enhancement patterns, mimicking 
neoplastic lesions. Furthermore, the onset of RILD can occur 
weeks to months after radiotherapy, further complicating the 
diagnostic process. In the present case, the imaging findings of 
an enhancing lesion in the left lateral segment of the liver on CT 
and MRI one month after radiotherapy initially raised suspi-
cion for metastatic disease, necessitating histopathological con-
firmation to distinguish RILD from other potential etiologies.

Diagnostic imaging plays a crucial role in the evaluation of 
suspected RILD; however, the imaging findings can be non-
specific and overlap with other hepatic pathologies, including 
metastases.[3] In addition to conventional CT and MRI, vari-
ous functional MRI modalities employing liver-specific contrast 
agents are under active investigation as potential tools to detect 
radiation-induced liver damage.

Superparamagnetic iron oxide (SPIO)-enhanced T2-weighted 
gradient echo imaging may help detect early subclinical RILD 
reflecting Kupffer cell damage.[29] Gadolinium ethoxybenzyl 
diethylenetriamine pentaacetic acid (Gd-EOB-DTPA)-enhanced 
magnetic resonance imaging (EOB-MRI) has also been sug-
gested as a tool for detecting radiation injury after 1 to 4 
months. Gd-EOB-DTPA is a hepatocyte-specific contrast agent 
that is mainly excreted through the bile ducts.[30] EOB-MRI can 
detect liver damage using decreased uptake areas of Gd-EOB-
DTPA.[2,31] The reported thresholds for decreased Gd-EOB-
DTPA uptake are 24 to 29 Gy and 29 to 35 Gy for the equivalent 
dose in 2 Gy fractions and the biologically effective dose, respec-
tively.[32] Sun et al[31] reported that a radiation isodose range of 
30 to 46 Gy corresponded to a decreased area of gadoxetic acid 
uptake. MRI employing gadobenate dimeglumine (Gd-BOPTA) 
has also been suggested as a tool to detect RILD.[33]

Functional liver imaging using 99M Tc-sulfur colloid single- 
photon emission computed tomography (SPECT-CT) has been 
used to evaluate RILD using changes in isotope uptake. This 
modality has also been used to avoid high-functioning areas for 
radiotherapy planning.[2,23]

Misdiagnosing RILD as a metastatic disease can have significant 
clinical implications, potentially leading to unnecessary interven-
tions or treatments based on an incorrect assumption. Therefore, 
it is crucial for clinicians to maintain a high index of suspicion 
for RILD in patients who have undergone hepatic irradiation and 
develop new hepatic lesions during follow-up. Conventional imag-
ing techniques (CT and MRI) revealed signs of a potential meta-
static lesion in this patient. This necessitated obtaining a biopsy and 
histopathological examination to confirm the diagnosis of RILD.

As functional imaging techniques continue to evolve, they 
may aid in the early detection and monitoring of RILD, facil-
itating timely intervention and management. For patients who 

Figure 4.  Histologic features of liver biopsies. Hematoxylin and Eosin (HE) 
staining, original magnification: 200×. Histopathological examination of the 
liver biopsy specimen revealed sinusoidal denudation, sinusoidal dilatation, 
and hemorrhage. Additionally, there was evidence of zone 3 (centrilobular) 
fibrosis and occlusion of the central vein. The liver tissue exhibited a charac-
teristic sinusoidal and endothelial cell injury pattern.

Figure 5.  Follow-up MRI performed 2 mo after the radiation-induced liver disease diagnosis. FS = fat suppressed imaging, M = minutes, MRI = magnetic 
resonance imaging.
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have risk factors precluding biopsy, functional imaging or liver- 
specific imaging studies could help distinguish liver injury from 
disease progression.

This case report highlights the importance of consider-
ing RILD in the differential diagnosis of new hepatic lesions 
detected after radiotherapy, even when the imaging findings 
may initially suggest metastatic disease. Although advances in 
radiotherapy techniques, such as IMRT, have improved the abil-
ity to limit hepatic exposure, partial liver irradiation can still 
lead to focal liver injury, as observed in this case. Collaboration 
among radiation oncologists, radiologists, and pathologists is 
crucial for accurate diagnosis and appropriate management of 
RILD, as well as for developing strategies to minimize the risk 
of this potential complication during radiotherapy. This case 
also underscores the importance of making continuous efforts 
to reduce the normal organ dose to as low as reasonably achiev-
able, even in cases with an acceptable dose distribution. In this 
patient, the focal liver injury caused by low-dose irradiation 
resolved without any sequelae with conservative treatments. 
Moreover, the severity of the imaging findings was not directly 
correlated with the clinical severity. She had only mild elevations 
of AST and ALT with a normal ALP level, which did not meet 
the criteria for classic or nonclassical RILD.

This study has some limitations. As this is a single case report, 
we cannot determine the risk factors for RILD occurrence even 
at low hepatic radiation doses. Additionally, the accurate diag-
nosis of RILD still requires invasive biopsy to guide appropriate 
management, a topic that warrants further investigation.

4. Conclusion
Various normal organ tolerance parameters and adjusted clin-
ical factors are used to estimate the acceptable radiation dose 
and distribution to prevent RILD. However, even generally safe 
doses can cause changes in normal organs. A multidisciplinary 
approach for both diagnosis and treatment can help reduce mis-
diagnosis and facilitate proper management.
Acknowledgments

Author contributions
Conceptualization: Hyeli Park.
Data curation: Sun Young Lee.
Supervision: Sun Young Lee.
Writing – original draft: Hyeli Park.
Writing – review & editing: Sun Young Lee.

References
	 [1]	 Munoz-Schuffenegger P, Ng S, Dawson LA. Radiation-induced liver 

toxicity. Semin Radiat Oncol. 2017;27:350–7.
	 [2]	 Koay EJ, Owen D, Das P. Radiation-induced liver disease and modern 

radiotherapy. Semin Radiat Oncol. 2018;28:321–31.
	 [3]	 Guha C, Kavanagh BD. Hepatic radiation toxicity: avoidance and ame-

lioration. Semin Radiat Oncol. 2011;21:256–63.
	 [4]	 Navin PJ, Olson MC, Mendiratta-Lala M, Hallemeier CL, Torbenson 

MS, Venkatesh SK. Imaging features in the liver after stereotactic body 
radiation therapy. Radiographics. 2022;42:2131–48.

	 [5]	 Li G, Wang J, Hu W, Zhang Z. Radiation-induced liver injury in 
three-dimensional conformal radiation therapy (3D-CRT) for postop-
erative or locoregional recurrent gastric cancer: risk factors and dose 
limitations. PLoS One. 2015;10:e0136288.

	 [6]	 Parsee AA, McDonald JA, Jiang K, et al. Radiation-induced hepati-
tis masquerading as metastatic disease: the importance of correlating 
diagnostic imaging with treatment planning. J Gastrointest Oncol. 
2019;11:133–8.

	 [7]	 Takamatsu S, Kozaka K, Kobayashi S, et al. Pathology and images 
of radiation-induced hepatitis: a review article. Jpn J Radiol. 
2018;36:241–56.

	 [8]	 Cheng JC, Wu JK, Huang CM, et al. Radiation-induced liver disease 
after three-dimensional conformal radiotherapy for patients with hepa-
tocellular carcinoma: dosimetric analysis and implication. Int J Radiat 
Oncol Biol Phys. 2002;54:156–62.

	 [9]	 Liang SX, Zhu XD, Xu ZY, et al. Radiation-induced liver disease in 
three-dimensional conformal radiation therapy for primary liver car-
cinoma: the risk factors and hepatic radiation tolerance. Int J Radiat 
Oncol Biol Phys. 2006;65:426–34.

	[10]	 Pan CC, Kavanagh BD, Dawson LA, et al. Radiation-associated liver 
injury. Int J Radiat Oncol Biol Phys. 2010;76:S94–100.

	[11]	 Rusthoven KE, Kavanagh BD, Cardenes H, et al. Multi-institutional 
phase I/II trial of stereotactic body radiation therapy for liver metasta-
ses. J Clin Oncol. 2009;27:1572–8.

	[12]	 Liang SX, Huang XB, Zhu XD, et al. Dosimetric predictor identifica-
tion for radiation-induced liver disease after hypofractionated confor-
mal radiotherapy for primary liver carcinoma patients with child-pugh 
grade A cirrhosis. Radiother Oncol. 2011;98:265–9.

	[13]	 Li JX, Zhang RJ, Qiu MQ, et al. Non-classic radiation-induced liver 
disease after intensity-modulated radiotherapy for child-pugh grade 
B patients with locally advanced hepatocellular carcinoma. Radiat 
Oncol. 2023;18:48. doi: 10.1186/s13014-023-02232-5.

	[14]	 Feng M, Ben-Josef E. Radiation therapy for hepatocellular carcinoma. 
Semin Radiat Oncol. 2011;21:271–7.

	[15]	 Benson R, Madan R, Kilambi R, Chander S. Radiation induced liver 
disease: a clinical update. J Egypt Natl Canc Inst. 2016;28:7–11.

	[16]	 Haddad MM, Merrell KW, Hallemeier CL, et al. Stereotactic body radi-
ation therapy of liver tumors: post-treatment appearances and evalu-
ation of treatment response: a pictorial review. Abdom Radiol (NY). 
2016;41:2061–77.

	[17]	 Kim J, Jung Y. Radiation-induced liver disease: current understanding 
and future perspectives. Exp Mol Med. 2017;49:e359.

	[18]	 Sempoux C, Horsmans Y, Geubel A, et al. Severe radiation-induced 
liver disease following localized radiation therapy for biliopancre-
atic carcinoma: activation of hepatic stellate cells as an early event. 
Hepatology. 1997;26:128–34.

	[19]	 Yamasaki SA, Marn CS, Francis IR, Robertson JM, Lawrence TS. High-
dose localized radiation therapy for treatment of hepatic malignant 
tumors: CT findings and their relation to radiation hepatitis. AJR Am J 
Roentgenol. 1995;165:79–84.

	[20]	 Kimura T, Takahashi S, Takahashi I, et al. The time course of dynamic 
computed tomographic appearance of radiation injury to the cirrhotic 
liver following stereotactic body radiation therapy for hepatocellular 
carcinoma. PLoS One. 2015;10:e0125231.

	[21]	 Sanuki-Fujimoto N, Takeda A, Ohashi T, et al. CT evaluations of focal 
liver reactions following stereotactic body radiotherapy for small 
hepatocellular carcinoma with cirrhosis: relationship between imaging 
appearance and baseline liver function. Br J Radiol. 2010;83:1063–71.

	[22]	 Ohtomo K, Baron RL, Dodd GD 3rd, et al. Confluent hepatic fibrosis 
in advanced cirrhosis: appearance at CT. Radiology. 1993;188:31–5.

	[23]	 Chapman TR, Kumarapeli AR, Nyflot MJ, et al. Functional imaging of 
radiation liver injury in a liver metastasis patient: imaging and patho-
logic correlation. J Gastrointest Oncol. 2015;6:E44–47.

	[24]	 Olsen CC, Welsh J, Kavanagh BD, et al. Microscopic and macroscopic 
tumor and parenchymal effects of liver stereotactic body radiotherapy. 
Int J Radiat Oncol Biol Phys. 2009;73:1414–24.

	[25]	 Howells CC, Stinauer MA, Diot Q, et al. Normal liver tissue density 
dose response in patients treated with stereotactic body radiation ther-
apy for liver metastases. Int J Radiat Oncol Biol Phys. 2012;84:e441–6.

	[26]	 Jeffrey RB, Moss AA, Quivey JM, Federle MP, Wara WM. CT of radiation- 
induced hepatic injury. AJR Am J Roentgenol. 1980;135:445–8.

	[27]	 Willemart S, Nicaise N, Struyven J, van Gansbeke D. Acute  
radiation-induced hepatic injury: evaluation by triphasic contrast 
enhanced helical CT. Br J Radiol. 2000;73:544–6.

	[28]	 Itai Y, Murata S, Kurosaki Y. Straight border sign of the liver: spectrum 
of CT appearances and causes. Radiographics. 1995;15:1089–102.

	[29]	 Clement O, Muhler A, Vexler VS, et al. Evaluation of radiation-induced 
liver injury with MR imaging: comparison of hepatocellular and retic-
uloendothelial contrast agents. Radiology. 1992;185:163–8.

	[30]	 Shi Z, Cai W, Feng X, et al. Radiomics analysis of Gd-EOB-DTPA 
enhanced hepatic MRI for assessment of functional liver reserve. Acad 
Radiol. 2022;29:213–8.

	[31]	 Sun XL, Jiang X, Kuang Y, et al. Potential of Gd-EOB-DTPA as an 
imaging biomarker for liver injury estimation after radiation therapy. 
Hepatobiliary Pancreat Dis Int. 2019;18:354–9.

	[32]	 Okamoto D, Nishie A, Asayama Y, et al. Gadolinium ethoxyben-
zyl diethylenetriamine pentaacetic acid-enhanced MR finding of  
radiation-induced hepatic injury: relationship to absorbed dose and 
time course after irradiation. Magn Reson Imaging. 2014;32:660–4.

	[33]	 Seidensticker M, Burak M, Kalinski T, et al. Radiation-induced liver 
damage: correlation of histopathology with hepatobiliary magnetic 
resonance imaging, a feasibility study. Cardiovasc Intervent Radiol. 
2015;38:213–21.


