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Prediction of progression of hepatic metastases from 
uveal melanoma using gadoxetic acid-enhanced magnetic 
resonance imaging
Ji Eun Leea, Sunyoung Leeb, Jeong Ah Hwangc, Seo-Youn Choic and 
Ji Eun Moond

MRI is the preferred method for evaluating hepatic 
metastases from uveal melanoma. This study was aimed 
to predict the progression of hepatic metastases from 
uveal melanoma using gadoxetic acid-enhanced MRI 
findings. This retrospective study included patients (≥18 
years) with uveal melanoma who underwent gadoxetic 
acid-enhanced liver MRI for evaluation of hepatic 
metastasis between 2010 and 2023 at two tertiary 
referral centers. Radiologists retrospectively evaluated 
the baseline MRI findings of the included patients and 
assessed tumor responses on follow-up studies according 
to the Response Evaluation Criteria in Solid Tumors 
version 1.1. Independent prognostic factors for the time 
to progression of hepatic metastases were identified 
using Cox proportional regression analysis. A nomogram 
based on the multivariable analysis was created and 
internally validated. A total of 65 patients (mean age, 
61.5 ± 14.0 years; 36 men and 29 women) were included. 
Multivariable analysis revealed that the size of the largest 
tumor [hazard ratio (HR): 1.028, P = 0.005], precontrast 
T1 hypointensity (HR: 3.033, P = 0.016), mild to moderate 
T2 hyperintensity (HR: 3.680, P = 0.001), and hepatobiliary 
phase hypointensity (HR: 3.370, P = 0.020) were 
significantly associated with shorter time to progressions 
of hepatic metastases from uveal melanoma. An internally 

validated nomogram developed using these MRI findings 
demonstrated excellent agreement between the predicted 
probabilities and actual rates of tumor progression, as 
shown by the calibration plots, with a Harrell’s c-index 
of 0.807. Gadoxetic acid-enhanced MRI findings may be 
useful in predicting the progression of hepatic metastases 
from uveal melanoma. Melanoma Res 36: 211–218 
Copyright © 2026 The Author(s). Published by Wolters 
Kluwer Health, Inc.

Melanoma Research 2026, 36:211–218

Keywords: hepatic metastasis, magnetic resonance imaging, prognosis, 
uveal melanoma

aDepartment of Radiology, Soonchunhyang University College of Medicine, 
Bucheon Hospital, Gyeonggi-do, bDepartment of Radiology and Research 
Institute of Radiological Science, Severance Hospital, Yonsei University 
College of Medicine, cDepartment of Radiology and Center for Imaging 
Science, Samsung Medical Center, Sungkyunkwan University School of 
Medicine, Gangnam-gu, Seoul and dDepartment of Biostatistics, Clinical Trial 
Center, Soonchunhyang University College of Medicine, Bucheon Hospital, 
Gyeonggi-do, Republic of Korea

Correspondence to Sunyoung Lee, MD, PhD, Department of Radiology 
and Research Institute of Radiological Science, Severance Hospital, Yonsei 
University College of Medicine, 50-1 Yonsei-ro, Seodaemun-gu, Seoul 03722, 
Republic of Korea
Tel: +82 2 2228 7400; fax: +82 2 2227 8337; e-mail: carnival0126@gmail.com

Received 24 September 2025 Accepted 28 February 2026.

 

Introduction
With an incidence of 5.1 per million over the past 30 
years, uveal melanoma is the most common primary 
intraocular malignancy among adults in the USA [1]. 
Cutaneous melanoma arises from melanocytes located in 
the basal layer of the epidermis, whereas uveal melanoma 
arises from melanocytes located in the uveal tract [2]. 
Approximately 85–90% of uveal melanomas are found in 
the choroid, while the rest are found in the iris or ciliary 
body [1,3]. Cutaneous and uveal melanomas are biologi-
cally distinct, differing in incidence and clinical behavior 

[2]. Uveal melanoma, in particular, has a strong tendency 
to metastasize to the liver, and shows a limited response 
to immunotherapy [4].

At present, the primary treatments for uveal melanoma 
include enucleation, radiotherapy, brachytherapy, and 
proton therapy [5,6]. At the time of diagnosis, less than 
5% of patients have detectable metastases [7,8]. However, 
despite successful local treatment of the primary tumor, 
up to half of all patients with uveal melanoma develop 
metastasis, with the liver being the first and only site 
of metastasis in most patients [5,7]. The prognosis of 
patients with metastatic uveal melanoma depends largely 
on the presence and progression of hepatic metastasis [8].

Among the various imaging modalities, MRI is the pre-
ferred method for evaluating hepatic metastases from 
uveal melanoma [9], and can even accurately identify 
early hepatic metastases [10]. Melanin deposits in tum-
ors cause shortening of T1 and T2 relaxation times, 
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resulting in a characteristically high signal intensity on 
precontrast T1-weighted image (T1WI) [9]. Although 
not specific to patients with uveal melanoma, Lee et al. 
[11] reported that positive enhancement on subtraction 
images and intermediate high signal intensity on T2WI 
were significantly associated with a higher risk of progres-
sion of hepatic metastases from melanoma. Mariani et al. 
[12] reported a nomogram for predicting the survival of 
patients with hepatic metastases from uveal melanoma 
based on liver MRI; however, they only focused on the 
number and size of the metastases. To the best of our 
knowledge, no previous study has evaluated the effects 
of different tumor signal intensities on various sequences 
of gadoxetic acid-enhanced liver MRI or how these signal 
intensities may reflect the progression of hepatic metas-
tases from uveal melanoma. Therefore, the purpose of 
this study was to investigate potential predictors of the 
progression of hepatic metastases from uveal melanoma 
on gadoxetic acid-enhanced MRI and to utilize these 
findings to develop a predictive nomogram.

Methods
This retrospective study was conducted at two tertiary 
referral centers (Severance Hospital and Soonchunhyang 
University Bucheon Hospital, Republic of Korea). The 
institutional review boards approved the protocol for this 
study, and the requirement for written informed consent 
was waived, due to the retrospective nature of the study.

Study population
We searched the electronic databases to identify patients 
with uveal melanoma who underwent enucleation 

between January 2010 and December 2023. The inclu-
sion criteria were patients (≥18 years) who underwent 
gadoxetic acid-enhanced liver MRI for evaluation of 
hepatic metastasis. The exclusion criteria were as fol-
lows: (a) no documented diagnosis of hepatic metastases 
in the liver MRI report (n = 174); (b) no liver MRI to 
evaluate imaging findings prior to treatment for hepatic 
metastases (n = 8); (c) surgical resection for a single 
hepatic metastasis (n = 12); (d) the presence of distant 
metastases other than hepatic metastases (n = 3); and 
(e) no follow-up contrast-enhanced abdominal com-
puted tomography or liver MRI to assess the progres-
sion of the hepatic metastases (n = 8). Finally, a total of 
65 patients with hepatic metastases from uveal mela-
noma were included in this analysis. A flow chart of the 
study population is shown in Fig. 1.

Magnetic resonance imaging examinations
All MRI examinations were performed using one 
of the following 1.5 or 3-T MRI system: Magnetom 
Avanto or Skyra (Siemens Healthineers, Erlangen, 
Germany), Intera Achieva (Philips Healthcare, Best, 
The Netherlands), or Discovery MR 750w or Signa 
HDxt (GE Healthcare, Chicago, Illinois, USA). The 
sequences obtained included single- or multishot 
T2WI, T1-weighted dual gradient-echo imaging (in- 
and opposed-phase), T1-weighted three-dimensional 
gradient-echo imaging with dynamic contrast enhance-
ment, and diffusion-weighted imaging. T1-weighted 
sequences were obtained before and after the intra-
venous injection of gadoxetic acid (Primovist, Bayer 
Healthcare, Berlin, Germany) at a rate of 1.0 ml/s 

Fig. 1

Flowchart of the study population.
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(0.025 mmol/kg body weight). The test-bolus or 
bolus-tracking method was used to initiate arterial 
phase scanning, after which portal venous phase (60 s) 
and delayed phase (3 min) images were also obtained. 
Hepatobiliary phase images were obtained 15–20 min 
after the injection of the contrast agent. Subtraction 
images were obtained automatically by subtracting 
the unenhanced series from the arterial phase images. 
Further details of the MRI sequence parameters are 
presented in Table S1, Supplemental Digital Content, 
https://links.lww.com/MR/A454.

Clinical data collection
We retrospectively collected patients’ clinical data from 
electronic medical records, including demographic char-
acteristics and treatment methods for hepatic metastases 
from uveal melanoma. Treatments utilized included radi-
ation therapy, transarterial chemoembolization (TACE), 
transarterial radioembolization, chemotherapy, or immu-
notherapy, as determined by the clinicians on an individ-
ual basis.

Magnetic resonance imaging analysis
A radiologist (J.A.H., with 13 years of experience 
in abdominal imaging) reviewed all gadoxetic acid- 
enhanced liver MRI and selected the target lesions for 
evaluation in each patient using a picture archiving and 
communication system. In cases of multiple hepatic 
metastases, the largest lesion was selected for MRI find-
ing evaluation, while the two largest lesions were selected 
for tumor response evaluation. The diameters of the tar-
get lesions were also measured.

Two board-certified gastrointestinal radiologists (J.E.L. 
and S.L., both with 13 years of experience in abdominal 
MRI) independently reviewed the imaging data, except 
for the tumor size. The reviewers were aware that the 
hepatic lesions on MRI were metastases from uveal mel-
anoma, although they were blinded to the clinical out-
comes of patients.

The following image parameters were evaluated on the 
baseline gadoxetic acid-enhanced liver MRI: tumor sig-
nal intensity on: (a) precontrast T1WI (hyper- or isointen-
sity vs. hypointensity); (b) T2WI (hypo- or isointensity 
vs. mild to moderate hyperintensity); (c) subtraction 
arterial phase images (isointensity vs. hyperintensity); 
or (d) hepatobiliary phase images (hyper- or isointen-
sity vs. hypointensity); and (e) the presence of diffu-
sion restriction, defined as higher signal intensity on  
diffusion-weighted imaging (b = 800 s/mm2) and lower 
signal intensity on apparent diffusion coefficient maps 
compared to the adjacent normal liver parenchyma. After 
each reviewer independently interpreted the images, 
any discrepancies were resolved by consensus discussion 
with a third reviewer (S.C., with 15 years of experience in 
abdominal imaging).

Evaluation of progression of hepatic metastases
All patients underwent follow-up contrast-enhanced 
abdominal computed tomography or liver MRI every 2–6 
months. Tumor progression was defined as either more 
than 20% increase in the sum of the diameter(s) of the 
target lesion(s) or the development of one or more new 
lesions [13]. The presence or absence of hepatic metas-
tasis progression was evaluated by a radiologist (J.A.H.) 
until the development of progression or until the last 
available scan through May 2024. Based on the tumor 
response, patients were categorized into either progres-
sion or nonprogression groups.

Statistical analysis
All statistical analyses were conducted using R version 
3.6.0 (The R Foundation for Statistical Computing, 
Vienna, Austria) and Rex version 3.0.3 (RexSoft Inc., 
Seoul, Republic of Korea). To compare MRI findings 
between the progression and nonprogression groups, the 
two-sample t-test was used for continuous variables, and 
the chi-square or Fisher’s exact test was used for cate-
gorical variables. Interobserver agreement between the 
two reviewers was assessed using the kappa (κ) statistic 
with the following interpretations: poor, less than 0.20; 
fair, 0.21–0.40; moderate, 0.41–0.60; good, 0.61–0.80; and 
excellent, 0.81–1.00.

Cox proportional regression analyses were performed 
on the consensus data to identify the gadoxetic acid- 
enhanced MRI findings associated with the time to  
progression (TTP) of hepatic metastases from uveal mel-
anoma. Variables with a P-value less than 0.05 in the uni-
variable analysis were further assessed in the multivariable 
analysis. We developed a nomogram to predict the prob-
ability of no progression at 3, 6, and 9 months and 1 year, 
using variables that identified significant independent pre-
dictors. Nomogram accuracy was evaluated using Harrell’s 
c-index and calibration plots, where a c-index of 0.5 indi-
cated random chance, 0.7 or higher indicated excellent 
consistency, and 1.0 indicated perfect predictive accuracy.

Results
Clinical and baseline magnetic resonance imaging data
The clinical and baseline MRI characteristics of the 
patients are shown in Table 1. A total of 65 patients with 
hepatic metastases from uveal melanoma were included 
in our analysis with a mean age of 61.5 ± 14.0 years 
(range, 28–84 years), of whom 36 (55.4%) were men and 
29 (44.6%) were women. The mean size of the largest 
tumor on baseline liver MRI was 17.6 ± 18.6 mm. The 
tumor signal intensity showed hyper- or isointensity on 
precontrast T1WI in 87.7% (57/65), mild to moderate 
hyperintensity on T2WI in 52.3% (34/65), hyperintensity 
on subtraction arterial phase images in 50.8% (33/65), and 
hypointensity on hepatobiliary phase images in 64.6% 
(42/65) of the patients. Additionally, 60.0% (39/65) of 
the patients exhibited diffusion restriction of the tumor. 

https://links.lww.com/MR/A454
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Treatments for hepatic metastases from uveal melanoma 
included radiation therapy (n = 18, 27.7%), TACE or 
transarterial radioembolization (n = 4, 6.2%), chemother-
apy (n = 40, 61.5%), and immunotherapy (n = 37, 56.9%). 
Among the 65 patients, 34 (52.3%) received multiple 
treatment modalities for hepatic metastases, while 12 
(18.5%) did not receive any treatment.

Interobserver agreement
Among the tumor imaging findings on MRI, signal inten-
sity on T2WI exhibited excellent interobserver agree-
ment, with a κ value of 0.845. Other imaging findings 
showed good interobserver agreement (κ = 0.685–0.747), 
except for tumor signal on subtraction arterial phase 
images (κ = 0.476), which only exhibited moderate inter-
observer agreement (Table S2, Supplemental Digital 
Content, https://links.lww.com/MR/A454).

Magnetic resonance imaging findings according to the 
progression of hepatic metastases
The MRI findings of the progression and nonprogres-
sive groups are summarized in Table 2. The largest 
tumor size on baseline MRI was significantly larger in 
the progression group than in the nonprogression group 
(P < 0.001). The progression group also exhibited a sig-
nificantly higher proportion of tumors with hypointen-
sity on precontrast T1WI (P = 0.046), mild to moderate 

hyperintensity on T2WI (P < 0.001), hyperintensity on 
subtraction arterial phase images (P = 0.001), and hypoin-
tensity on hepatobiliary phase images (P < 0.001) than 
those in the nonprogression group. Additionally, tumors 
in the progression group were more likely to have diffu-
sion restriction (P < 0.001).

Prognostic factors for predicting time to progression of 
hepatic metastases
In the multivariable analysis, the size of the largest tumor 
[hazard ratio (HR): 1.028, 95% confidence interval (CI): 
1.008–1.048, P = 0.005], hypointensity on precontrast 
T1WI (HR: 3.033, 95% CI: 1.235–7.450, P = 0.016), mild 
to moderate hyperintensity on T2WI (HR: 3.680, 95% 
CI: 1.645–8.186, P = 0.001), and hypointensity on hepa-
tobiliary phase images (HR: 3.370, 95% CI: 1.208–9.400, 
P = 0.020) were identified as significant independent var-
iables that were associated with shorter TTP in patients 
with hepatic metastases from uveal melanoma (Table 3 
and Table S3, Supplemental Digital Content, https://links.
lww.com/MR/A454).

Prognostic nomogram based on magnetic resonance 
imaging findings
Using the significant independent baseline MRI var-
iables identified in the multivariable analysis, we 
developed a prognostic nomogram to estimate the indi-
vidual probability of no tumor progression at 3, 6, and 
9 months and 1 year (Fig. 2) and generated calibration 
plots (Figure S1, Supplemental Digital Content, https://
links.lww.com/MR/A454). The topmost scale, labeled 
“points” represents the contributions of each variable 
to the HRs. Among these variables, mild to moderate 
hyperintensity of the tumor on T2WI had the greatest 
impact on predicting TTP of hepatic metastasis from 
uveal melanoma. The total points for each patient were 
calculated as the sum of the individual variable points, 
and a perpendicular line was drawn below to determine 
the probability of no tumor progression at 3, 6, and 9 
months and 1 year after the baseline MRI (Figs. 3 and 
4). The estimated Harrell’s c-index of the nomogram 
was 0.807, indicating excellent predictive accuracy and 
strong agreement between the predicted and observed 
TTP probabilities.

Discussion
Patient prognosis is strongly influenced by disease pro-
gression within the liver when uveal melanoma metas-
tasizes to the liver [14,15]. In this study, we identified 
four gadoxetic acid-enhanced MRI findings that serve 
as independent predictors of TTP in patients with 
hepatic metastases from uveal melanoma, including the 
size of the largest tumor, precontrast T1 hypointensity, 
mild to moderate T2 hyperintensity, and hepatobiliary 
phase hypointensity of the tumor. Furthermore, the 
nomogram constructed using these imaging findings 

Table 1   Clinical and baseline MRI characteristics of the study 
population

Characteristics Number (n = 65)

Age (years)a 61.5 ± 14.0
Sex
 � Male 36 (55.4)
 � Female 29 (44.6)
Baseline MRI characteristics
 � Size of the largest tumor (mm)a 17.6 ± 18.6
 � Tumor signal intensity on MRI
Precontrast T1WI
 � Hyper- or isointensity 57 (87.7)
 � Hypointensity 8 (12.3)
T2WI
 � Hypo- or isointensity 31 (47.7)
 � Mild to moderate hyperintensity 34 (52.3)
Subtraction arterial phase
 � Isointensity 32 (49.2)
 � Hyperintensity 33 (50.8)
Hepatobiliary phase
 � Hyper- or isointensity 23 (35.4)
 � Hypointensity 42 (64.6)
Diffusion restriction
 � Absence 26 (40.0)
 � Presence 39 (60.0)
Treatment for hepatic metastasisb

 � Radiation therapy 18 (27.7)
 � TACE or TARE 4 (6.2)
 � Chemotherapy 40 (61.5)
 � Immunotherapy 37 (56.9)
 � None 12 (18.5)

Unless otherwise stated, data are numbers of lesions with percentages.
MRI, magnetic resonance imaging; TACE, transarterial chemoembolization; TARE, 
transarterial radioembolization; T1WI, T1-weighted image; T2WI, T2-weighted 
image.
aData are mean ± SD.
bThirty-four patients received multiple treatment modalities for hepatic metastases.

https://links.lww.com/MR/A454
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demonstrated excellent concordance between the pre-
dicted and actual probabilities, as evidenced by the cali-
bration plot.

Mariani et al. [12] reported that the size of the largest 
hepatic metastasis was significantly associated with over-
all survival in patients with uveal melanoma. Similarly, 
the result of our study showed a significant difference in 
the size of the largest hepatic metastasis on baseline MRI 
between the progression and nonprogression groups. 
Additionally, the size of the largest tumor identified a 
significant predictor of TTP for hepatic metastases from 
uveal melanoma. Therefore, larger tumor size and greater 
tumor burden are considered factors that result in poorer 
prognoses.

Hepatic metastases from uveal melanoma typically 
exhibit high signal intensity on T1WI, which is attrib-
uted to shortened T1 and T2 relaxation times caused by 
melanin content or intratumoral hemorrhages [16–18]. 
The prevalence of T1 hyperintensity in hepatic metas-
tases from uveal melanoma varies widely, with esti-
mated ranges of 19–73% [9,19,20]. In this study, 81.8% 
of patients displayed T1 hyper- or isointensity. According 
to Balasubramanya et al. [9], hepatic metastases with 
T1 hyperintensity are indicative of well differentiated 
and less aggressive tumors, whereas T1 hypointensity 
is associated with more rapidly growing and aggressive 
lesions. Our findings align with these observations, as T1 
hypointensity of the tumor was a significant predictor of 
shorter TTP. However, some studies have proposed that 
pronounced pigmentation in primary uveal melanomas 
or hepatic metastases, observed as T1 hyperintensity on 
MRI, may be linked to poorer prognoses [21,22]. This 
hypothesis remains controversial and requires further 
investigation.

Lee et al. [11] found that metastatic melanoma in the 
liver, regardless of its origin, tended to progress more 
rapidly when it exhibited intermediate high signal 
intensity on T2WI compared to lesions with low to 
iso signal intensity. Similarly, our study demonstrated 
that hepatic metastases from uveal melanoma with 
mild to moderate T2 hyperintensity were associated 
with a shorter TTP, the highest HR, and the highest 
point in the nomogram. We hypothesized that this 
correlation may be due to the higher signal intensity 
on T2WI, reflecting increased cellular water content, 
whereas decreased T2WI signal intensity could reflect 
an old hemorrhage, indicating a more chronic and sta-
ble lesion [23].

The use of hepatocyte-specific gadolinium-based con-
trast agents has significantly enhanced the sensitivity 

Table 2   Comparison of MRI findings between progression and 
nonprogression groups

Characteristics
Progression 

(n = 44)
Nonprogression 

(n = 21) P-value

Size of the largest tumor on 
baseline MRI (mm)a

22.3 ± 20.8 7.8 ± 6.3 <0.001

Tumor signal intensity on MRI
Precontrast T1WI 0.046
 � Hyper- or isointensity 36 (81.8) 21 (100)
 � Hypointensity 8 (18.2) 0 (0)
T2WI <0.001
 � Hypo- or isointensity 11 (25.0) 20 (95.2)
 � Mild to moderate hyper-

intensity
33 (75.0) 1 (4.8)

Subtraction arterial phase 0.001
 � Isointensity 15 (34.1) 17 (81.0)
 � Hyperintensity 29 (65.9) 4 (19.0)
Hepatobiliary phase <0.001
 � Hyper- or isointensity 7 (15.9) 16 (76.2)
 � Hypointensity 37 (84.1) 5 (23.8)
Diffusion restriction <0.001
 � Absence 8 (18.2) 18 (85.7)
 � Presence 36 (81.8) 3 (14.3)

Unless otherwise stated, data are numbers of lesions with percentages.
MRI, magnetic resonance imaging; T1WI, T1-weighted image; T2WI, T2-weighted 
image.
aData are mean ± SD.

Table 3   MRI findings associated with time to progression of hepatic metastases from uveal melanoma

Characteristics

Univariable analysis Multivariable analysis

Hazard ratio 95% CI P-value Hazard ratio 95% CI P-value

Size of the largest tumor on baseline MRI (mm) 1.051 1.032–1.070 <0.001 1.028 1.008–1.048 0.005
Tumor signal intensity on MRI
Precontrast T1WI
 � Hyper- or isointensity – – – – – –
 � Hypointensity 6.433 2.760–14.995 <0.001 3.033 1.235–7.450 0.016
T2WI
 � Hypo- or isointensity – – – – – –
 � Mild to moderate hyperintensity 7.660 3.761–15.60 <0.001 3.680 1.645–8.186 0.001
Subtraction arterial phase
 � Isointensity – – –
 � Hyperintensity 4.117 2.131–7.952 <0.001
Hepatobiliary phase
 � Hyper- or isointensity – – – – – –
 � Hypointensity 7.875 3.234–19.176 <0.001 3.370 1.208–9.400 0.020
Diffusion restriction
 � Absence – – –
 � Presence 8.469 3.767–19.039 <0.001

CI, confidence interval; MRI, magnetic resonance imaging; T1WI, T1-weighted image; T2WI, T2-weighted image.
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and specificity of MRI for detecting hepatic metastases 
[24], as metastatic lesions lacking hepatocytes do not 
display uptake of the contrast agent, causing them to 
appear hypointense relative to the surrounding normal 
liver parenchyma [9,25]. However, in our study, 35.4% of 
the hepatic metastases from uveal melanoma exhibited 
hyper- or isointensity on hepatobiliary phase, while those 
with hepatobiliary phase hypointensity had significantly 

shorter TTPs. Radiologists should be aware that hepatic 
metastases from uveal melanoma may appear hyper- or 
isointense on hepatobiliary phase, unlike other types of 
metastases, and may have favorable prognosis compared 
to hypointense lesions.

Hepatic metastases from uveal melanoma tend to 
demonstrate strong contrast enhancement, owing to 

Fig. 2

Nomogram based on gadoxetic acid-enhanced MRI for predicting the time to progression in patients with hepatic metastases of uveal melanoma. 
The points for each variable are found on the uppermost “points” scale. On the bottom scale, the points for all variables are added up into ‘total 
points’ and translated into probability of no tumor progression at 3, 6, and 9 months and 1 year after the baseline MRI. MRI, magnetic resonance 
imaging.

Fig. 3

Axial MRI of a 74-year-old female with hepatic metastasis from uveal melanoma. A 20-mm tumor (arrows) showed hypointensity on precontrast 
T1-weighted image (a), mild to moderate hyperintensity on T2-weighted image (b), hyperintensity on subtraction arterial phase image (c), hypointen-
sity on hepatobiliary phase image (d), and the presence of diffusion restriction on the apparent diffusion coefficient map (e). Based on the nomogram, 
the patient had a total of 152 points, and the probability of no tumor progression at 3 months was only 30%. On follow-up axial contrast-enhanced 
abdominal computed tomography (CT) on portal venous phase after 93 days (f), the tumor had grown to 39 mm, indicating progression. MRI, mag-
netic resonance imaging.
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their hypervascular nature [9,26]. However, the inher-
ently high T1 signal intensity on precontrast images can 
obscure this enhancement, making subtraction tech-
niques useful. Lee et al. [11] reported that hepatic metas-
tases from malignant melanoma on contrast-enhanced 
subtraction images were associated with an increased risk 
of tumor progression. Duran et al. [20] utilized volumetric 
tumor enhancement as a biomarker to predict survival in 
patients with uveal melanoma after their first TACE. In 
our study, although hepatic metastases in the progression 
group more frequently showed arterial enhancement on 
subtraction images, this variable was not a significant pre-
dictor of TTP. This may be attributed to difficulties in 
accurately evaluating contrast enhancement on subtrac-
tion arterial phase images, as indicated by the moderate 
interobserver agreement, which contrasted with the good 
or excellent agreement observed for the other imaging 
variables.

This study had some limitations. First, owing to the 
retrospective design of the study, selection bias was 
inevitable. Second, we were unable to obtain patho-
logical confirmation of hepatic metastases from uveal 
melanoma. Third, there was no consensus regarding the 
optimal treatment method for hepatic metastases from 
uveal melanoma, resulting in varied treatments among 
patients. In addition, the study cohort was collected 
over a relatively long-time span (2010–2023), during 
which treatment strategies and available therapeutic 
options evolved substantially. Such heterogeneity in 
treatment approaches may limit the applicability of our 
findings to contemporary clinical practice. Fourth, due 
to the lack of genomic analysis results from most of the 
primary tumor pathological samples, these data could 
not be included in our evaluation. Lastly, the proposed 
nomogram was developed using a small retrospec-
tive cohort and was not validated in an independent 
external population. External validation is essential to 
confirm the generalizability, reproducibility, and clini-
cal utility of the model. Therefore, further validation 
through prospective studies with larger cohorts and 

external validation is needed to confirm the utility and 
reliability of our nomogram.

In conclusion, nomogram based on baseline gadoxetic 
acid-enhanced liver MRI findings can assist in estimat-
ing TTP in patients with hepatic metastases from uveal 
melanoma. Specifically, the significant predictors of 
TTP include the size of the largest tumor, precontrast 
T1 hypointensity, mild to moderate T2 hyperintensity, 
and hepatobiliary phase hypointensity of the tumor. 
Recognizing these features may have important impli-
cations for the prediction of the progression of hepatic 
metastases in patients with uveal melanoma.
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