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Abstract 

Background: Microscopically complete (R0) resection of metastases from uveal melanoma 
prolongs median overall survival compared to incomplete surgery. The aim of this study was 
to compare the sensitivity of dynamic-enhanced magnetic resonance imaging (MRI) with 
fluorodeoxyglucose-positron emission tomography (FDG-PET) in the preoperative diagnosis 
of liver metastases from uveal melanoma. 
Patients and methods: Fifteen consecutive patients (mean age: 56 years) underwent FDG-
PET and liver MRI. Extrahepatic metastatic disease was excluded by whole body computed 
tomography and bone scintigraphy. MRI and FDG-PET were performed with a mean of 19 
days (range: 1-30) before surgery. Imaging findings were compared with surgical (including 
intraoperative ultrasonography) and histological findings on a lesion by lesion analysis. 
Results: R0 resection was performed in 12 patients. A total of 28 lesions were resected with 
27 histologically proven metastases. Nine lesions were smaller than 5 mm, 7 measured 5 -10 
mm and 11 were larger than 10 mm. Sensitivity and positive predictive value were 67% and 
95% for MRI compared to 41% and 100% for FDG-PET. The difference between the two 
modalities was statistically significant (p = 0.01; McNemar test). In remaining 3 patients, 
diffuse miliary disease (>10 capsular lesions) was discovered intraoperatively, and was 
suspected on preoperative MRI in 2 cases. Only one extrahepatic lesion identified by FDG-
PET was falsely positive. 
Conclusions: In this preliminary study, MRI was superior to FDG-PET for staging of liver 
metastases from uveal melanoma. Although miliary disease was suggested by MRI in some 
cases, preoperative confirmation remains imperfect. 
 
Key-words : uveal melanoma, liver metastase, liver magnetic resonance imaging, 
fluorodeoxyglucose-positron emission tomography. 
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Introduction 

Uveal melanoma is the most frequent primary malignant intraocular tumour in adults; 500 to 

600 new cases are diagnosed each year in France. 1 Metastatic spread of uveal melanoma is 

observed in 50% of patients and the liver is the almost exclusive site of metastases after a 

mean interval of 3 years.2 The recommended hepatic surveillance after treatment of 

intraocular tumour comprises liver ultrasound (US), every 6 months for 10 years and liver 

computed tomography (CT) scan and/or liver magnetic resonance imaging (MRI) when an 

abnormality is detected on liver ultrasound. Following the detection of metastases, the median 

overall survival without treatment ranges from 2 to 6 months according to the study. 3 The 

early diagnosis of liver metastases may allow R0 (microscopically complete) surgical 

resection in patients with limited metastatic extension. In the experience reported by the 

Institut Curie in 1998, based on 75 operated patients, survival was 22 months in the case of 

R0 resection versus 9 months in the case of R1 or R2 incomplete resection. 4 These data were 

updated in 2009 in a series of 224 patients confirming a complete resection rate of 28% and a 

median survival of 22 months for R0 resected patients (13 months for the overall cohort). 5 

The main limitation to R0 surgery is the intraoperative discovery of miliary liver metastases 

that makes R0 resection impossible. 

Liver imaging methods classically comprise US, CT , MRI and F[18] fluoro-desoxyglucose 

(FDG) positron emission tomography (FDG-PET). MRI is the investigation technique of 

choice, as it presents a sensitivity of detection at least equivalent to that of computed 

tomography with better specificity. 6 In the particular diagnosis of uveal melanoma, the 

presence of melanin in metastatic lesions induces shortening of T1 and T2 relaxation times. 7,8 

Typical lesions therefore have a high-intensity appearance on T1-weighted sequences. The 

hypervascular nature of most metastatic lesions also allows improved detection and 

characterization of abnormalities on T1-weighted dynamic sequences after injection of a 

gadolinium chelate. 

Although FDG-PET has been evaluated in the metastatic staging of cutaneous malignant 

melanoma. 9,10 Few studies have evaluated FDG-PET in uveal melanoma. 11-13 This whole 

body imaging modality presents the theoretical advantage of evaluating liver involvement 

while also detecting any extrahepatic one. To our knowledge, no study has compared the 

contribution of MRI and FDG-PET in the preoperative assessment of liver metastases from 

uveal melanoma. 
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The objective of this study was therefore to compare the performances of MRI and FDG-PET 

in the preoperative assessment of liver metastases from uveal melanoma by comparing them 

with intraoperative staging and histological examination. 
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Patients and Methods 

 

Population 

Between November 2006 and March 2009, study was conducted according to our institution’s 

ethical guidelines and was approved by the melanoma group. Fifteen patients, 7 males, 8 

females with a mean age of 56 years (range: 38 to 71 years) were investigated by MRI and 

FDG-PET for staging of preoperative assessment of liver metastases. 

All patients were suspected to present liver metastases following the discovery of one or more 

lesions on surveillance ultrasound. Overall staging comprising contrast-enhanced chest, 

abdomen and pelvis CT scan and bone scintigraphy excluded the presence of any extrahepatic 

metastatic disease. 

All patients were operated with the objective of achieving complete surgical resection. Based 

on recently published retrospective analysis, no patient presented more than four hepatic 

lesions visible on US and/or CT .5 

MRI and FDG-PET were performed with a mean of 19 days (range: 1-31 days) before 

surgery. 

 

MRI and image analysis 

Examinations were performed on a 1.5 T MRI machine (Siemens Symphony, Erlangen, 

Germany) using surface coils. The MR sequences comprised a FSE T2 sequence with short 

TE and long TE with fat saturation and respiratory gating, followed by breath-hold sequences: 

gradient echo 2D T1-weighted in-phase and out-of-phase sequences, gradient echo 3D T1-

weighted sequence before and after gadolinium injection (0.2 mmol/kg injected at a rate of 

2cc/s followed by flushing with 20cc of saline solution). After gadolinium injection, 

acquisition was performed on the arterial phase (20 s), portal phase (60 s) and then at the late 

phase (4 min). Slice thickness was 6 mm for 2D sequences and 3.80 mm for the 3D sequence. 

Metastatic lesions were considered to be typical when they were spontaneously hyperintense 

on T1 and moderately hyperintense on T2 compared to normal liver and/or when they had a 

hypervascular appearance on the arterial phase of the dynamic acquisition. In view of the 

possible variable appearance of hepatic abnormalities, heterogeneous or homogeneous 

lesions, hypointense on T1, hyperintense on T2 and presenting variable contrast enhancement 

were also considered to be metastatic lesions. Biliary cysts and angiomas were defined 

according to the usual MRI criteria. 
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MRI examinations were analysed simultaneously by two radiologists experienced in 

gastrointestinal disease on a PACS station with no knowledge of the results of FDG-PET, but 

informed about the presence of liver metastases suspected on ultrasound and/or CT. Lesions 

were counted, localized according to the classification of liver segments of Couinaud and 

measured according to their largest diameter. 

Suspected capsular miliary disease, defined as the presence of at least one 1 mm lesion at the 

periphery of the liver, was systematically reported. 

 

FDG-PET and image analysis 

Examinations were performed on a Gemini GXL PET/CT (Philips Medical Systems, 

Cleveland, USA) composed of 16-row multi-slice CT scan. The usual acquisition protocol 

was used. The patient remained fasting for at least 6 hours and capillary blood glucose was 

measured before intravenous FDG injection. The activity injected was 5 MBq/kg, limited to 

550 MBq per patient. The subject remained supine and silent in a quiet, dimly lit room. 

Acquisition in 3D mode started one hour after injection. The whole body acquisition extended 

from the base of the skull to the middle of the thighs. Each acquisition step comprised 18.5 

cm, i.e. a total of 8 to 12 steps depending on the patient’s height. The total acquisition time 

ranged from 16 to 24 minutes. Reconstruction used was OSEM (ordered subset expectation 

maximization) iterative technique (2 iterations and 32 subsets). Reconstructed slice thickness 

was 4 mm.  

Attenuation correction was performed by reconstructed CT scans with a slice thickness of 5 

mm (120 kV, 120 mAs, tube rotation time: 0.5 s, pitch: 0.9). CT was performed without 

breath-holding and without injection of iodinated contrast agent. Interpretation was done on a 

work station by an experienced nuclear medicine physician analysing simultaneously non 

attenuation-corrected and attenuation-corrected PET images. All focal zones of significantly 

increased FDG uptake in the hepatic parenchyma were considered to be pathological after the 

visualisation in three perpendicular planes.  Due to possible variations and the absence of 

standardization, quantification using standard uptake value (SUV) in focal abnormalities was 

not used as a discriminant criterion. Some significant extrahepatic abnormalities were also 

reported. Examinations were interpreted with knowledge of the presence of suspicious hepatic 

abnormalities on US and/or liver CT. 
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Surgical procedure 

All patients were operated in order to achieve R0 resection. Lesions were counted by 

inspection and palpation of the liver with knowledge of preoperative imaging examinations. 

Intraoperative US was systematically performed. Lesions were localized in hepatic segments 

according to the classification of Couinaud. 

All lesions detected intraoperatively were resected and submitted to histological examination. 

Pigmented capsular (miliary) lesions were localized, their dimensions were measured and 

localized miliary lesions were resected and diffuse miliary lesions (< 10 grains) were 

destroyed by electrocoagulation. 

 

Statistics 

Sensitivity and positive predictive value were calculated for MRI and FDG-PET compared to 

surgery by analysing lesion by lesion correlations. The two imaging modalities were 

compared by a McNemar test. A p value less than 0.05 was considered to be significant. 
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Results 

 

Surgical exploration 

A total of 28 lesions were resected in 12 of the 15 operated patients. The number of lesions 

resected ranged between 1 and 6, i.e. a mean of 2 lesions per patient. All resected lesions 

corresponded histologically to metastases from uveal melanoma except for one lesion 

corresponding to an eosinophil abscess. Resection was considered to be R0 for these 12 

patients. 

Nine of the 27 metastatic lesions resected were smaller than 5 mm, 7 measured between 5 and 

10 mm and 11 were larger than 10 mm. 

For 3 patients, multiple 1 mm pigmented capsular grains (more than 10) corresponding to 

diffuse miliary metastatic disease excluded the possibility of complete resection 

(macroscopically incomplete R2 resection). In two cases, miliary disease was the only 

manifestation of the disease and was suspected on preoperative MRI (Figure 1). Miliary 

disease was associated with a 1 cm nodular lesion in one case. 

Lesion by lesion analysis between imaging modalities and operative and histological results 

was based on only 12 patients with R0 resection. 

 

Lesion by lesion analysis 

MRI and FDG-PET were concordant in only 7 out of 12 patients. A single 18 mm lesion 

correctly diagnosed by MRI was not detected by FDG-PET. Three other 1 cm lesions in the 

same patient, visible on MRI, were not detected on FDG-PET. For other three patients, MRI 

showed additional lesions not detected on FDG-PET (Figure 2). For 11 of the 18 lesions 

detected, MRI showed a spontaneous hyperintense signal on T1-weighted sequences. 

The results of lesion by lesion analysis are reported in Table 1. No false-positive was 

observed for FDG-PET scan versus one false-positive for MRI. The sensitivity was 67% for 

MRI and 45% for FDG-PET. The positive predictive value was 95% for MRI and 100% for 

FDG-PET. 

 

Comparison of the two methods for histologically confirmed metastases (n = 27) is reported 

in Table 2. MRI was found to be superior to FDG-PET (p = 0.01; McNemar test). 
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Effect related to the size of the lesions 

Analysis according to the size of the lesions is reported in Table 3. 

All lesions not detected by MRI corresponded to pigmented capsular lesions measuring 1 to 2 

mm. The lesions not detected by FDG-PET, apart from capsular lesions, consisted of 5 

intraparenchymal nodules measuring between 5 and 10 mm and two nodules larger than 10 

mm. These lesions were situated in segment VII (n = 2), segment VIII (n = 2), and one lesion 

in each of segments I, IV and V. The sensitivity for lesions greater than or equal to 5 mm was 

therefore 100% for MRI versus 61% for FDG-PET. 

 
Presence of extrahepatic lesions 

FDG-PET detected a suspicious zone of focal uptake in the right deltopectoral region in one 

patient. Clinical interview, physical examination and ultrasound diagnosed a muscle tear. 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ARTICLE IN PRESS

 10

 
Discussion 
 

Methodological aspects of the study and PET study 

In our institution, the metastatic work-up in patients suffering from uveal melanoma consists 

of total body CT, bone scintigraphy, liver MRI. The aim of this study was to compare the 

performances of the last versus FDG-PET scan. For this reason we decided to add to the 

metastatic work-up metabolic imaging by PET scan.  

The subset of patients in this study presents a highly selected group because of the surgical 

indications limiting number of detected metastasis less than five. 5 In all 15 patients only 

hepatic metastasis had been detected, and no case of extrahepatic metastatic lesion was found. 

Performance of FDG-PET imaging is limited by numerous technical and methodological 

factors. Firstly, spatial resolution is insufficient to detect subcentimetric lesions due to partial 

volume effect. It is more difficult to detect even metabolically active lesions if their size is 

less than 1 cm. Secondly, FDG uptake reflects glucose metabolic rates, which is 

physiologically present in normal liver. Thus, the normal “mottled” background is an other 

factor which decreases the sensitivity of liver lesion detection and the target to background 

ratio. Lesions that are quite large may not be detected if their metabolism matches the 

patient’s one. 

The last very important limitation in metabolic imaging is the respiratory motion producing 

localisation and reconstruction artefacts. Therefore respiratory gating techniques, mainly used 

in chest pathologies, should possibly improve the results. 

 

FDG-PET versus MRI imaging 

This preliminary study shows that MRI is superior to FDG-PET for preoperative staging of 

liver metastases from uveal melanoma including for lesions larger than 5 mm.  

This result can be largely explained by differences of spatial resolution between FDG-PET 

and MRI and probably by the non-avid FDG lesions preventing their discrimination from 

normal hepatic parenchyma. The sensitivity of FDG-PET detection of liver metastases of 45% 

is one of the lowest rates reported in the literature, but is nevertheless equivalent to that 

reported by Ghanem concerning liver metastases from cutaneous melanoma, with a sensitivity 

of FDG-PET of 47%. 10 In a recent review, Rappeport  reported sensitivities of FDG-PET for 

the detection of liver metastases from colorectal cancers between 65 and 87%. 14 Three of 

these studies reported a particularly low detection rate for lesions smaller than 1 cm. 15-17 The 
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same author reported a sensitivity of 54% for FDG-PET in a lesion by lesion analysis of liver 

metastases from operated colorectal cancer. 18 

Although the spatial resolution of FDG-PET is limited compared to that of other imaging 

modalities, a number of technical aspects could increase the sensitivity of detection. 

Attenuation correction errors caused by partial volume effect and artefacts related to liver 

movements essentially breathing, are probably partly responsible for the decreased contrast 

between lesions and normal liver mostly at the lung/liver interface. In our study, 4/7 of lesions 

larger than 5 mm not visible on FDG-PET were located in segments of the hepatic dome 

(segments VII and VIII).  

Finally, some studies suggest that uveal melanoma has a variable glucose metabolism and that 

tracers studying other metabolic pathways such as methionine labelled by carbon 11 [11-C] or 

fluorine 18 [F-18] labelled FDOPA would be more useful in this diagnosis. 19-21 

The global sensitivity of MRI of 67% also appears to be disappointing. In the same review by 

Rappeport the global sensitivity of detection of liver metastases from colorectal cancers 

ranged between 70 and 98%. 14 Reported sensitivities nevertheless vary considerably 

according to the size of the lesions. The lowest sensitivity in the series reported by Ward (22) 

comprised 39% of metastatic lesions from colon cancer less than or equal to 1 cm. 22 Our 

series comprised 59% of lesions less than or equal to 1 cm. Reported sensitivities of MRI for 

lesions larger than 1 cm ranged between 92% and 100%, as in our series in which the 

sensitivity was 100%. 

In our experience, T1-weighted sequences and sequences at the arterial phase of dynamic 

acquisition after injection of a gadolinium chelate are the most effective for detection of 

metastatic lesions from uveal melanoma and T2-weighted sequences appear to be more useful 

for differential diagnosis. Diffusion-weighted sequences and the use of liver-specific contrast 

agents (SPIO) have yet to be evaluated in this setting. 

 

Miliary disease 

From a surgical point of view, apart from counting individual lesions, it appears particularly 

useful to be able to predict the presence or absence of capsular miliary disease. Miliary 

disease was present in 3 out of 15 patients in the present series. In two patients, miliary 

disease was suspected on MRI due to the presence of at least one capsular lesion. Miliary 

disease was never suspected on FDG-PET. 
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Conclusion 

In this preliminary series, we showed that MRI was superior to FDG-PET for the staging of 

liver metastases from uveal melanoma. This difference was particularly marked for lesions 

measuring less than 10 mm. Although MRI has a poor sensitivity for the detection of lesions 

smaller than 5 mm, it appears to be the only imaging modality sometimes able to suggest the 

presence of miliary metastatic disease. It is important to detect this particular form of 

metastases, as it compromises R0 resection and justifies the choice of another nonsurgical 

treatment. 
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Table 1. Results of MRI and FDG-PET for the detection of liver metastases. 
 

 

       Surgery and histology 

 

  Positive 

(n=27) 

Negative  

(n=1) 

MRI Positive 18 1 

 Negative  9 0 

FDG-PET Positive 11 0 

 Negative 16 1 
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Table 2. Correlation of MRI and FDG-PET for the detection of liver metastases. 
 
 
  FDG-PET  

  Lesions not detected 

(negative) 

Lesions detected 

(positive) 

 

MRI Lesions not detected 

(negative) 

9 0 9 

 Lesions detected (positive) 7 11 18 

  16 11 27 
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Table 3. Influence of size of the lesions on the number of lesions detected by each technique. 
 
 
 Metastases detected by Metastases confirmed (surgery 

and histology) 

 MRI FDG-PET  

Size of lesions    

< 5 mm 0 0 9 

5-10 mm 7 2 7 

> 10 mm 11  9 11 

Total 18 11 27 
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A        B 

Figure 1 
1A: Axial 3D T1-weighted sequence, acquisition at the arterial phase. 1B: Corresponding 
intraoperative laparoscopic view. 
Hypervascular capsular lesion of segment IV (arrows) suggestive of capsular miliary disease on 
MRI. 
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c              d 

 

Figure 2  
2a-b : axial 2D T1 weighted MR slices. 
2c-d : corresponding axial 2D attenuation-corrected PET images. 
Two lesions with spontaneous hyper intensity are visible in hepatic segments I and VIII (yellow 
arrows) in the same patient. 
PET showed only the supracentimetric one (black arrow in segment I), resulting in a false negative 
case in segment VIII. 


