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 5 

PROFESSEURS DEUXIEME CLASSE 
 
Mme  ALUNNI Véronique 

M.  ANTY Rodolphe 

M.  BAHADORAN Philippe 

Mme  BAILLIF Stéphanie 

Mme  BANNWARTH Sylvie 

M.  BENIZRI Emmanuel 

M.  BENOIT Michel 

M.  BERTHET Jean-Philippe 

M.  BOZEC Alexandre 

M.  BREAUD Jean 

M.  BRONSARD Nicolas 

Mme  BUREL-VANDENBOS Fanny 

M.  CHEVALIER Nicolas 

Mme  CHINETTI Giulia 

M.  CLUZEAU Thomas 

M.  DELLAMONICA Jean 

M.  DELOTTE Jérôme 

Mme  ESTRAN-POMARES Christelle 

M  FAVRE Guillaume 

M.  FOURNIER Jean-Paul 

Mlle  GIORDANENGO Valérie 

Mme  GIOVANNINI-CHAMI Lisa 
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Vous m’avez beaucoup aidé, soutenu, et accompagné durant ce dernier semestre. Travailler avec vous 
a été un vrai plaisir et vous allez beaucoup me manquer.  
 
Au Professeur Pascal STACCINI  
Je vous adresse mes plus sincères remerciements pour avoir apporté votre aide à ce travail qui n’aurait 
pu aboutir sans votre participation. Merci de vous être rendu disponible pour réaliser les tests 
statistiques de cette étude.  
 
A Madame Sophie PEGORIER 
Un immense merci pour l’aide considérable que vous m’avez fournie dans la relecture de cet article.  
 
 
 
 
 
 



 

 12 

A mes co-internes  
 
A Jean Philippe, pour ton amitié, pour ces heures passées ensemble à discuter de tant de choses.  
Parce qu’un semestre à tes côtés est toujours un très bon semestre. J’espère beaucoup garder, au-
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ces années. Je vous admire et j’ai beaucoup appris auprès de vous.  
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retrouvons toujours dans les moments importants de nos vies.  
 
A Clara et Nour, la distance nous a longtemps séparés, mais j’ai hâte de vivre enfin dans la même ville 
que vous.  
 
A Antoine, Camille, Lise, Clélia, et Astrid, pour ces si bons souvenirs de vacances et d’externat. J’ai eu 
de la chance de passer ces longues études parfois difficiles à vos côtés, car votre amitié et votre 
bienveillance les a rendues plus douces.   
 
A Lieve Aviva et Marion, vous rencontrer a embelli mon internat, et je ne vous oublierai jamais.  
 
A Marie, merveilleuse rencontre durant mon internat. Pour tes conseils, ton soutien et ton amitié.  
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Présentation de l’article  
  
Les lésions orbitaires regroupent un grand nombre d’étiologies, des inflammations bénignes aux 
cancers agressifs mettant en jeu le pronostic vital.  Malgré les progrès récents de l'imagerie dans le 
diagnostic étiologique de ces lésions, la biopsie tissulaire est toujours considérée comme le gold 
standard. Cependant, pour certaines localisations telles que l'apex orbitaire, l’abord chirurgical est 
parfois difficile et la réalisation d'une biopsie tissulaire peut s’avérer invasive et associée à des 
complications iatrogènes parfois plus importantes que la maladie sous-jacente.  
 
Plusieurs auteurs ont mis en évidence l’utilité du TEP/TDM au 18F-FDG dans l’évaluation de 
l'agressivité des tumeurs, en particulier des lymphomes extra-orbitaires de bas grade par rapport aux 
lymphomes de haut grade.  
Nous avons donc émis l'hypothèse que la TEP/TDM au 18F-FDG pourrait être utilisée pour distinguer 
les lésions orbitaires indolentes des lésions agressives, ainsi que leur histologie tumorale sous-jacente. 
Cela pourrait s’avérer utile en pratique clinique, en particulier pour les lésions orbitaires dont la biopsie 
est risquée. Ainsi, devant une lésion apicale pour laquelle la présentation clinique et l’imagerie 
standard ne permettent pas de définir l’urgence diagnostique et thérapeutique de la lésion, un 
SUVmax élevé pourrait faire suspecter une lésion orbitaire agressive nécessitant une biopsie rapide, 
tandis que devant un faible SUVmax à l’imagerie, une observation étroite pourrait être envisagée.  
 
Le but de notre étude était d’évaluer la fiabilité du TEP/TDM au 18 F-FDG pour prédire l'histologie de 
diverses tumeurs orbitaires en étudiant les valeurs de maximum standard uptake values (SUVmax) et 
le rapport du SUVmax orbitaire OMSUV / le SUV moyen du foie (MLSUV).  
 
Une étude rétrospective monocentrique a été conduite chez 45 patients présentant une masse 
orbitaire et ayant bénéficié d'un PET/CT 18F-FDG préopératoire suivi d'une biopsie orbitaire. 
L'histologie de la tumeur a été classée comme suit : (i) inflammation orbitaire, (ii) tumeur solide, (iii) 
tumeur lymphoïde de bas grade, et (iv) tumeur lymphoïde de haut grade. L'histologie des tumeurs a 
également été divisée en lésions indolentes et agressives.  
  
Il y avait 15 (33,3 %) inflammations orbitaires, 14 (31,1 %) tumeurs solides, 9 (20 %) tumeurs 
lymphoïdes de bas grade,  et 7 (15,5 %) tumeurs lymphoïdes de haut grade.   
Aucune corrélation n’a été retrouvée entre le rapport OMSUV/MLSUV et l’histologie des tumeurs (Z= 
-0.77, Z= -0.6, Z= -1.6, Z= 0.94, p> 0.05, respectivement). De même, aucune corrélation n'a été trouvée 
entre le rapport OMSUV/MLSUV (Z = -1,42, P>0,05), le SUVmax orbitaire (Z= -0,82, P>0,05) et 
l'agressivité des tumeurs (lésions indolentes versus agressives).  
Les analyses en sous-groupes ont suggéré cependant que le SUVmax serait prédictif de l'agressivité 
des tumeurs malignes (lymphomes haut grade + cancers solides) (p=0,02), et révélé une tendance 
statistique concernant l’agressivité des lymphomes (p=0,05).  
 
Nos résultats préliminaires indiquent que la TEP/TDM au 18F-FDG ne permet pas de prédire l'histologie 
de la tumeur orbitaire sous-jacente. Cependant, les tumeurs plus agressives, en particulier les 
lymphomes de haut grade, ont tendance à présenter un SUVmax orbitaire plus élevé que les lésions 
plus indolentes ce qui peut s’avérer utile devant une présentation clinique non inflammatoire d’une 
lésion orbitaire. De plus, la TEP/TDM au 18F-FDG nous a permis d'identifier des localisations extra-
orbitaires cliniquement pertinentes.  
Notre étude souligne la nécessité de réaliser d'autres études avec des échantillons plus importants et 
de combiner la TEP/TDM au 18F-FDG avec d'autres techniques d'imagerie, notamment l'IRM orbitaire, 
pour évaluer l'agressivité des tumeurs orbitaire. Ces études seraient particulièrement pertinentes pour 
les tumeurs de l'apex orbitaire associées à une biopsie tissulaire risquée. 
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Introduction 
 

Orbital lesions include a wide spectrum of different entities ranging from benign inflammation to 

extremely aggressive malignancies [1,2]. Despite recent advances in imaging techniques, tissue biopsy 

is still considered the gold standard for the diagnosis [3,4]. Tissue biopsy can be easily performed for 

orbital lesions located in the anterior, middle or extraconal orbital space (Figure 1).  

 

 
 

FIG 1: Compartmentalization of the orbit in case of orbital tumor 

 

Other locations such as the intraconal space and the orbital apex are extremely difficult to access 

(Figure 2A, 2B) and performing a tissue biopsy may be invasive and associated with iatrogenic 

complications that are sometimes more important than the underlying disease itself (Figure 2C). 

Therefore, new non-invasive diagnosis tools would be of high clinical relevance to avoid risky orbital 

apex biopsies.  
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FIG 2: The orbital apex: an extremely challenging biopsy area  

A: Extraconal and supero-medial apical orbital mass (red asterisk). Orbital biopsy was considered too 

risky and biopsy was performed elsewhere (lymphoma) 

B: Other patient with a solid intraconal apical tumor (red asterisk) 

C: Same patient: biopsy and subsequent debulking were performed through a frontal craniotomy 



 

 20 

An increased glucose uptake is one of the major metabolic features found in cancer cells, making 18F-

fluorodeoxyglucose (18F-FDG) the most common radiotracer used in positron emission 

tomography/computed tomography imaging (PET/CT) for oncologic purposes [5]. The usefulness of 

18F-FDG PET/CT to assess tumor extent and treatment response is recognized [5,6], especially in 

lymphoproliferative disorders [7–9]. Several studies have shown that high-grade extra-orbital 

lymphomas are associated with higher maximum standardized uptake values (SUVmax) [10–13].  

 

To our knowledge, no study has investigated the relationship between the SUVmax and the orbital 

tumor histology. It may be assumed that more aggressive orbital lesions (high-grade lymphomas, solid 

tumors) show a higher SUVmax. This data could be of high clinical relevance, especially for orbital 

lesions for which performing orbital biopsies is risky. A low SUVmax could indicate an indolent lesion 

for which a close monitoring is needed whereas a higher SUVmax could indicate a more aggressive 

lesion for which a tissue biopsy is needed.  

 

SUVs are quantitative measurements of radioactivity concentrations normalized to the injected dose 

of 18F-FDG and to the body weight [14]. However, various conditions may influence the SUV 

measurement, including patient’s weight and glucose level, the exact amount of 18F-FDG injected, the 

residual activity in the syringe, and the time between the 18F-FDG injection and the image 

acquisition[15].   

 

These variables may modify the uptake of 18F-FDG by tumor and normal tissues [16]. To reduce the 

interindividual variations and homogenize the data from one study to another, several ratios between 

the tumor and normal tissues (the liver for example) have been used and have become a standard of 

care in lymphomas or hepatocellular carcinomas [9,17–19]. In this study, in addition to the standard 

SUVmax, the Orbital Max SUV/Mean Liver SUV (OMSUV/MLSUV) ratio was calculated.   

 

The aim of this study was to investigate the correlation between 18F-FDG PET/CT findings and the 

orbital lesion histology using the SUVmax and the OMSUV/MLSUV ratio.  
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Patients and Methods 
 

1) Study design, inclusion criteria and data recorded 

 

A retrospective monocentric study was conducted in our tertiary care center between May 2019 and 

December 2020. All patients gave their informed consent. The study was approved by the French 

Ophthalmic Society (IRB number: 00008855) and met the principles outlined in the declaration of 

Helsinki and its further amendments.  

Patients >18 years with an orbital mass who underwent preoperative 18F-FDG PET/CT followed by an 

orbital biopsy were included.  

Patients (i) for whom the biopsy was taken from another site (e.g., accessory salivary gland, 

bronchoscopy, lymph nodes), (ii) who underwent 18F-FDG PET/CT after the orbital biopsy was taken 

or (iii) who were previously treated with systemic steroids, were not included.  

 

The following data were recorded: patients’ demographics, tumor location within the orbit (anterior, 

middle, apex, diffuse, extraconal or intraconal, Figure 1), tumor size assessed by orbital CT or magnetic 

resonance imaging (MRI), and tumor histology assessed by a senior specialized ocular pathologist (SL). 

Tumor histology was classified into 4 categories: (i) orbital inflammation, (ii) solid tumors, (iii) high-

grade lymphoid tumors, and (iv) low-grade lymphoid tumors. Inflammatory lesions were divided into 

specific orbital inflammation (SOI) and non-specific orbital inflammation (NSOI). An additional 

classification was also provided to distinguish indolent from aggressive tumors in clinical practice 

(Table 1).  

 

 

Indolent Tumors 
 

Aggressive Tumors 

Orbital inflammation  High-grade lymphoid tumors  
      Diffuse large B-cell lymphoma 
      Mantle cell lymphoma 

Low-grade lymphoid tumors  
     OAML* 
     Follicular lymphoma  

Solid tumors  
     Squamous cell carcinoma 
     Adenocarcinoma 
     Undifferentiated carcinoma 
     Melanoma (eyelid and conjunctiva) 
     Adenoid cystic carcinoma of the lacrimal gland 

Solid tumors  
     Benign tumors  
     Basal cell carcinoma 

 

 

Table 1: Classification of orbital tumors according to their aggressiveness. 

* Ocular adnexal mucosa-associated lymphoid tissue lymphoma 
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2) 18F-FDG PET/CT imaging   

 

18F-FDG PET/CT was performed as follows. All patients were asked to fast for at least 6 h before 

performing 18F-FDG PET/CT. None of the patients had a blood glucose level greater than 130 mg/dL 

before 18F-FDG injection. A body weight-adapted dose of 18F-FDG was injected intravenously (2.5 

MBq/kg) and the images were acquired 60 ± 5 min later. All patients had a body mass index between 

20 and 30 kg/m2. After 60 minutes of rest, the scans were acquired with patients lying down with their 

eyes closed and immobile to reduce oculomotor muscle artifacts. Images were recorded using PET/CT 

Discovery IQ (General Electric Medical System – GEMS). The axial spatial resolution was 5 mm. All 

PET/CT images were reviewed at a workstation using AW Server 3.2 (GEMS) software that provided 

multiplanar reformatted images in the axial, coronal and sagittal planes. PET/CT fusion images, PET 

images and CT images of the same patient were analyzed frame by frame. 

 

All studied 18F-FDG PET/CT parameters (SUVmax, OMSUV/MLSUV ratio and extra-orbital fixations) 

were assessed by the same independent senior nuclear medicine physician (GN), blinded to all clinical 

information and further histopathological results.  

 

Spherical regions of interest were superimposed on the pathological raised uptakes of the primary 

tumor lesion on the PET/CT images to obtain the SUVmax, using adequate computer software. To 

overcome clinical and software-related measurement biases, the OMSUV/MLSUV ratio was calculated 

for each patient as shown in Figure 3. The MLSUV was measured on a sphere of 30 mm in radius in a 

healthy area. 

 

 

 
 

FIG 3: OMSUV/MLSUV ratio 

A: OMSUV established on 18F-FDG PET/CT fusion image focused on the orbital lesion 

B: MLSUV established on 18F-FDG PET/CT fusion image focused on healthy liver 
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3) Outcomes measures  

 

The main outcome measures were the correlation between the orbital SUVmax and OMSUV/MLSUV 

ratio and the tumor histology.  

 

The secondary outcome measures were the correlation between the orbital SUVmax and 

OMSUV/MLSUV ratio and several subcategories such as: orbital lesion aggressiveness (indolent versus 

aggressive), high-grade versus low-grade lymphomas, and indolent tumors (benign tumors, low-grade 

lymphomas) versus malignancies (high-grade lymphoma, solid cancers).  

 

The relationship between the orbital SUVmax and OMSUV/MLSUV ratio and patients’ age, gender, 

tumor size and orbital location was also assessed.  

 

 

 

4) Statistics   

 

Data were analyzed using SPSS software v22.0 (IBM, Chicago, Illinois). Descriptive statistics are 
presented as counts and percentages for categorical variables and as means and medians for 
continuous variables.  
Statistical analyzes were performed using a Kruskal-Wallis test and a Spearman correlation analysis 
test for qualitative and quantitative data, respectively.  
 
A value of p ≤0.05 was considered statistically significant. A correlation coefficient (r) <0.4 
corresponded to a weak correlation, r ranging between 0.4 and 0.7 corresponded to an intermediate 
correlation and r >0.7 corresponded to a strong correlation.  

  



 

 24 

Results 
 

 

1) Patients’ characteristics  

 

Forty-five patients (24 men) with a mean age of 66.7 (22-94) years were included. Patients’ 

characteristics and tumor features are summarized in Table 2. Most tumors originated from the orbit 

(n=22, 48.9%), lacrimal gland (n=10, 22.3%), conjunctiva (n=6, 13.3%) and eyelids (n=6, 13.3%). Tumor 

location within the orbit was anterior (n=24, 53.3%), diffuse (n=10, 22.3%), middle (n=8, 17.8%) and 

apical (n=3, 6.7%). Most tumors were located within the extraconal space (n=39, 86.7%). The 3 apical 

lesions were located within the intraconal space and their initial manifestation was an orbital apex 

syndrome with optic neuropathy (Figure 2B). 

 

 

Characteristics 
 

Number (%) Mean Median Range SD 

Patients 45 (100)     

Age (years)  66.7 68 22-94 15.5 

Axial length of the 
tumor (mm) 

 25.6 22 6-80 13.0 

Gender 
   Female  
   Male 

 
21 (46.7) 
24 (53.3) 

    

Primary site 
   Intraorbital 
   Conjunctiva 
   Eyelid 
   Lacrimal gland 
   Nasal cavity 

 
22 (48.9) 
6 (13.3) 
6 (13.3) 
10 (22.3) 
1 (2.2) 

    

Orbital Location 
   Anterior 
   Middle 
   Apical 
   Diffuse 

 
24 (53.3) 
8 (17.7) 
3 (6.7) 
10 (22.3) 

    

Quadrant 
   Supero-temporal   
   Supero-nasal   
   Infero-temporal 
   Infero-nasal   
   Diffuse 

 
22 (48.9) 
10 (22.3) 
4 (8.8) 
5 (11.1) 
4 (8.8) 

    

Location 
   Intraconal 
   Extraconal 

 
6 (13.3) 
39 (86.7) 

    

 

Table 2: Patients’ characteristics and tumor features. 
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2) Orbital tumors histology  

 

Tumor histology results are presented in Table 3. There were 15 (33.3%), 14 (31.1%), 9 (20%), and 7 

(15.5%) cases of orbital inflammation, solid tumor, low-grade lymphoid tumor, and high-grade 

lymphoid tumor, respectively. Among the 15 (33.3%) orbital inflammatory lesions, 9 (20%) cases of 

NSOI and 6 (13.3%) cases of SOI were diagnosed. Among the solid tumors, all but one were malignant.  

 

  

 

Histology 
 

Number (%) 

Orbital inflammation  
      Non-specific orbital inflammation (NSOI) 

                Specific orbital inflammation (SOI) 
                       IgG4-related orbital disease 
                       Grave’s disease 
                       Sarcoidosis 
                       Xanthogranuloma   
 

15 (33.3) 
9 (40) 

6 (13.3)  
2 (4.4) 
1 (2.2)  
2 (4.4)  
1 (2.2)  

Solid tumors 
                  Squamous cell carcinoma 
                  Adenocarcinoma 
                  Basal cell carcinoma  
                  Solitary fibrous tumor  
                  Undifferentiated carcinoma  
                  Melanoma (skin or conjunctiva) 
                  Adenoid cystic carcinoma  
 

14 (31.1)  
6 (13.3)  

2 (4.4) 
1 (2.2)  
1 (2.2)  
1 (2.2)  
2 (4.4)  
1 (2.2)  

Low-grade lymphoid tumors  
                  OAML* 
                  Follicular lymphoma  
 

9 (20) 
6 (13.3) 

3 (6.7)    

High-grade lymphoid tumors  
                  Diffuse large B-cell lymphoma 
                  Mantle cell lymphoma 
 

7 (15.5) 
5 (11.1) 

2 (4.4)   

 

 

Table 3: Orbital tumor histology. 

* Ocular adnexal mucosa-associated lymphoid tissue lymphoma 
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3) 18F-FDG PET/CT findings  

 

The results of 18F-FDG PET/CT are presented in detail in Table 4.   

 

Based on the rank sum test, no correlation was found between the OMSUV/MLSUV ratio and orbital 

SUVmax and the inflammatory, solid malignancy, low-grade and high-grade lymphoma 

subcategorizations of the lesions (Z= -0.77, Z= -0.6, Z= -1.6, and Z= 0.94, respectively, all p >0.05). 

Similarly, no correlation was found between the OMSUV/MLSUV ratio (Z= -1.42, P >0.05) and orbital 

SUVmax (Z= -0.82, P >0.05) and the tumor aggressiveness (indolent versus aggressive lesions).  

 

 

 

 

 Number (%) Mean Median  Range  SD  p Value* 

OMSUV/MLSUV** ratio of orbital lesions  
All orbital lesions 
Inflammatory lesions 
Solid tumors  
Low-grade lymphoma 
High-grade lymphoma 
 
Indolent lesions 

             Aggressive lesions 

 
45 (100) 
15 (33.3) 
14 (31.1) 

9 (20) 
7 (15.5) 

 
26 (57.8) 
19 (42.2) 

 
3.6 
3.6 
3.6 
2.6 
4.4 

 
3.1 
4.1 

 

 
2.8 
3.1 
2.7 
2.3 
3.1 

 
2.7 
2.9 

 
1.0 - 12.9 
1.3 - 6.8 

1.0 - 12.9 
1.1 - 5.1 

2.0 - 12.2 
 

1.1 - 6.8 
1.0 - 12.9 

 

 
2.5 
1.8 
3.1 
1.2 
3.3 

 
1.6 
3.2 

 

 
ref 

0.44 
0.55 
0.29 
0.35 

 
ref 

0.42 

SUVmax of orbital lesions  
All orbital lesions 
Inflammatory lesions  
Solid tumors 
Low-grade lymphoma  

              High-grade lymphoma  
             
              Indolent lesions 

Aggressive lesions  

 
45 (100) 
15 (33.3) 
14 (31.1) 

9 (20) 
7 (15.5) 

 
19 (42.2) 
26 (57.8) 

 

 
6.5 
6.4 
6.7 
4.7 
8.7 

 
5.5 
7.8 

 

 
5.6 
6.0 
5.1 
4.2 
6.1 

 
4.9 
6.2 

 

 
1.8 - 24.4 
2.4 - 14.7 
2.7 - 20.4 
2.5 - 7.4 

4.1 - 24.4 
 

2.4 - 14.7 
1.8 - 24.4 

 

 
4.4 
3.1 
4.8 
1.7 
6.5 

 
2.8 
5.6 

 

 
ref 

0.58 
0.79 
0.12 
0.18 

 
ref 

0.15 
 

Extra-orbital sites 
            All extra-orbital sites 
            Lymph node sites   
            Other sites          

 
32 (100) 
20 (40.8) 
12 (24.5) 

 
 

    

 
 
 

 
 
 
 

 
 
 
 

 

 

Table 4: Main 18F-FDG PET/CT findings.  

* Kruskal-Wallis test  

** OMSUV: orbital maximum SUV, MLSUV: Mean liver SUV, SUV: standard uptake value.  

SD: standard deviation 
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4) Subgroup analysis focused on orbital lymphomas and malignant tumors 

 

Subgroup analyzes were performed and the results are presented in Table 5.  

 

When the analysis only focused on lymphomas, the lymphoma aggressiveness (low versus high grade) 

and the orbital SUVmax (Z= 1.96, p=0.05) tended to correlate without reaching significance. No 

correlation was found between the lymphoma aggressiveness and the OMSUV/MLSUV ratio (Z= -1.22, 

p=0.22). Also, orbital cancers (solid cancers and High-grade lymphomas) were associated with a higher 

SUVmax (p=0.02) but not with a higher OMSUV/MLSUV ratio (p=0.138) compared to indolent tumors 

(benign tumors and Low-grade lymphomas).  

 

No other correlation was found between the SUVmax and OMSUV/MLSUV ratio and the other clinical 

and radiological features (age, gender, tumor location within the orbit, and tumor size).  

 

 

 

 Number 
(%) 

Mean Median  Range  SD  p Value*  

OMSUV/MLSUV ratio of lymphoma  
             Low-grade lymphoma 
             High-grade lymphoma 

 

 
9 (20) 

7 (15.5) 

 
2.6 
4.4 

 
2.3 
3.1 

 
1.1 - 5.1 

2.0 - 12.2 

 
1.2 
3.3 

 
ref 
0.22 

SUVmax of lymphoma  
             Low-grade lymphoma 
             High-grade lymphoma  
 

 
9(20) 

7(15.5) 

 
4.7 
8.7 

 
4.2 
6.1 

 
2.5 - 7.4 
4.1 - 24.4 

 
1.7 
6.5 

 
ref 
0.05 

OMSUV/MLSUV ratio of malignant tumors 
            Benign tumor and Low-grade lymphoma 
            Solid cancer and High-grade lymphoma  

 
11 (24.4)  
19 (42.2)  

 
2.5 
4.1 

 
2.3 
2.9 

 
1.1 - 5.0 
1.1 - 12.9 

 
1.1 
3.2 

 
ref 
0.14 

SUVmax of malignant tumors 
            Benign tumor and Low-grade lymphoma 
            Solid cancer and High-grade lymphoma 

 
11 (24.4) 
19 (42.2) 

 

 
4.4 
7.8 

 
3.9 
6.2 

 

 
2.5 - 7.4  
1.8 - 24.4  
 

 
5.6 
1.7 
 

 
ref 
0.02 

 
 

Table 5: subgroup analysis focused on orbital lymphomas and malignant tumors. 
* Kruskal-Wallis test  
SD: standard deviation 
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5) Value of 18 F-FDG PET/CT in diagnosis and staging of orbital tumors in our study 

 

  About half of the patients had extra-orbital fixations, mainly a lymph node involvement. Among these 

patients, most were diagnosed with lymphoma or inflammatory disorders. One (2.2%) patient had a 

bony metastasis revealed by 18F-FDG PET/CT. One (2.2%) patient with acute dacryoadenitis had an 

asymptomatic myocardial involvement revealed by 18F-FDG PET/CT and confirmed by specialized 

myocardial MRI. The management of this patient was significantly modified due to this myocardial 

involvement (lacrimal gland biopsy without local injection of epinephrine and steroids administered 

intravenously). Illustrative cases are shown in Figure 4 and Figure 5. 

 

 

 

 

FIG 4: Illustrative case: orbital and systemic lymphoma 

A: 72-year-old patient diagnosed with a right hypermetabolic inferior and extraconal orbital mass 

(SUVmax = 24.4, OMSUV/MLSUV = 12.2) 

B: 18F-FDG PET/CT showing extra orbital fixations (lymph node, kidney, testicular) 

C: anterior orbital biopsy was performed through an inferior swinging eyelid approach 

D: Diffuse large B cell lymphoma: diffuse distribution of intermediate to large sized lymphoma cells 

(hematoxylin-eosin, original magnification x100) 
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FIG 5: Other illustrative case: orbital and myocardial sarcoidosis 

A: Orbital CT showing a right lacrimal gland enlargement 

B: Orbital 18F-FDG PET/CT (SUVmax = 7.4, OMSUV/MLSUV ratio = 3.8) 

C: Asymptomatic and unexpected myocardial fixation 

D: Sarcoidosis:  epithelioid granuloma (star) with packed epithelioid cells (hematoxylin-eosin, original 

magnification x100) 
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Discussion 
 

Orbital tumors may be related to various etiologies, ranging from benign tumors to extremely 

aggressive and life-threatening malignancies. Tissue biopsy is the gold standard for their diagnosis. 

However, performing a biopsy of a tumor located within the intraconal space and/or at the orbital 

apex is challenging and may be associated with irreversible iatrogenic damage [20].  

 

1) Main results  

 

In this study, we aimed to investigate whether the orbital SUVmax or the OMSUV/MLSUV ratio 

correlated with the orbital tumor histology or aggressiveness. No correlation was found between the 

orbital SUVmax and OMSUV/MLSUV ratio and the tumor histology. This result could be explained by 

the fact that several orbital inflammatory lesions showed high SUVs (up to 14.7 in a patient with 

xanthogranulomatosis) whereas several solid malignancies showed low orbital SUVs (as low as 2.7 in 

a patient with conjunctival melanoma). Our study is in accordance with previous studies that have 

shown the inability of 18F-FDG PET/CT  to distinguish an inflammatory lesion from a tumor lesion 

[16,21–23].  

 

 

2) 18F-FDG PET/CT findings in other studies  
 

18F‑FDG is a glucose analog radiolabeled with fluorine‑18 (18F), reflecting the glucose 

consumption and therefore, whole‑body 18F-FDG PET/CT studies can produce a whole‑body metabolic 

map of the patient [5]. An increased glucose uptake is one of the major metabolic features found in 

cancer cells, making 18F‑FDG the most used PET‑tracer for oncologic purposes [5,14,24].  

  

Zheng et al. have shown that the SUVmax of oral squamous cell carcinomas correlated with 

the pathological TNM stage and the tumor size. They have concluded that the SUVmax could be used 

to predict the invasiveness of primary oral squamous cell carcinomas [25]. In another study in tongue 

cancers, the SUVmax correlated with the tumor location, size and TNM stage, but did not correlate 

with the underlying histology [26]. Ren et al. have found in a series of 184 resectable lung squamous 

cell carcinomas that patients with a SUVmax >13.0 had a shorter median overall survival.[27] 

 

In our subgroup analysis, we found that orbital cancers (High-grade lymphomas, solid cancers) 

showed a higher orbital SUVmax compared to indolent tumors (Benign tumors, Low-grade 

lymphomas) (p=0.02). This finding should be kept in mind since the clinical presentation of orbital 

inflammation and orbital malignancies may significatively differ [1,2,28].  

Orbital inflammation is often associated with acute pain, swelling and redness whereas most 

lymphomas are painless and grow progressively [29]. Taken together, these data suggest that in the 

presence of a highly metabolic orbital lesion without clinical inflammation, an orbital solid or lymphatic 

cancer should be suspected.  
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In our study, we found that more aggressive lymphomas tended to show a higher orbital 

SUVmax compared to more indolent lymphomas, although statistical significance was not reached 

(p=0.05). A similar study [8] has failed to show a relationship between the SUVmax and the orbital 

lymphoma aggressiveness (low versus high grade) in 21 patients.  

 

Other extra-orbital studies conducted in 97 to 204 patients [10,12,13] have reported a 

correlation between the SUVmax and the aggressiveness of non-Hodgkin lymphomas. They have found 

a mean SUVmax of 12.0 ± 5.7, 13.6 ± 7.7, and 19.6 ± 9.3 for high-grade extra-orbital lymphomas, 

respectively, and these values are higher than our results in the orbit (mean SUVmax = 8.7 ± 6.5 for 

high-grade orbital lymphomas).  

These differences in SUVmax could be explained by the smaller sizes of our lymphomas due to 

their location limited to the orbit and to our small sample size.  

 

 

3) Use of 18F-FDG PET/CT for diagnosis and staging orbital tumors in our study  

 

Another advantage of 18F-FDG PET/CT compared to isolated orbital CT and/or MRI is its ability 

to detect extra-orbital involvements. Extra-orbital locations reveal the systemic nature of the lesion 

and may allow the physician to perform more easily a biopsy in another site, which is extremely useful 

in case of apical or intraconal orbital lesions. For example, in our study, we excluded 5 patients with 

an orbital apical lesion because 18F-FDG PET/CT allowed performing more easily a less invasive biopsy 

in another site as shown in Figure 2A.    

 

Interestingly, an asymptomatic and unexpected sarcoid myocardial involvement was 

diagnosed in one of our patients with lacrimal gland inflammation (Figure 5). This finding, not 

evaluable by classical orbital CT or MRI, led to a change in patient’s management since the biopsy was 

performed under local anesthesia without epinephrine injection, and high-dose steroids were 

administered intravenously.  

 

Elourimi et al. showed in a series of 22 orbital inflammations explored by 18F-FDG PET/CT that 

the hypothesis of an SOI could be excluded by an extra-orbital fixation (Sensitivity: 73%, Specificity: 

100%, Positive predictive value: 100%, Negative predictive value: 63%) [30].   

 

Finally, 18F-FDG PET/CT is widely used for solid tumor and lymphoma staging [5,6] as well as 

for treatment monitoring [31]. A recent literature review conducted by the American Academy of 

Ophthalmology (AAO) has failed to demonstrate the usefulness of sentinel lymph node biopsy in eyelid 

and conjunctival malignancies [32]. Therefore, 18F-FDG PET/CT is now considered a non-invasive 

imaging tool for regional lymph node assessment. Damian et al. have reported their favorable 

experience with 18F-FDG PET/CT in the evaluation of local, regional and systemic spread of conjunctival 

melanomas [33].  
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4) Strengths and limitations of this study  

 

Our study has several strengths. This is the first study to investigate the relationship between 

the SUVmax and the orbital tumor histology. We chose highly selective inclusion criteria by excluding 

patients who underwent extra-orbital tissue biopsy or had previously received steroids.  

In addition, the use of a standardized OMSUV/MLSUV ratio allowed preventing a confusion 

bias and improving our study reproducibility. Several factors such as patient’s weight, blood glucose 

levels or the time between 18F-FDG administration and image acquisition may influence the orbital 

SUVmax. Therefore, in accordance with other authors, we think that using a standardized ratio based 

on the healthy liver (OMSUV/MLSUV ratio) is more reliable [34].  

 

Our study has several limitations. Firstly, we conducted a retrospective study with a small 

sample size. The small sample size of our cohort is explained by our strict inclusion criteria and the 

scarcity of orbital lesions [2].  This could explain the lack of statistical significance of our primary 

outcome measures and of the SUVmax to differentiate aggressive and indolent orbital lymphomas. 

Secondly, we found a higher SUVmax for orbital cancers (High-grade Lymphoma, solid cancers) than 

for indolent tumors (Low-grade Lymphoma, benign solid tumors) in the subgroup analysis. Further 

studies assessing this parameter as a primary endpoint are needed to confirm these results with a 

higher statistical reliability. The difference in significance between the SUVmax and the 

OMSUV/MLSUV ratio could also be explained by the fact that the ratio values were very low in these 

orbital tumors, which weakened the probability distribution.  

 

Finally, we focused on 18F-FDG PET/CT alone. Clinical data such as the visual acuity, the 

presence of oculomotor disorders, the grade of exophthalmos as well as CT or MRI findings were not 

recorded in detail because it has previously been shown that they poorly correlated with the tumor 

histology [4]. It would be relevant to investigate the sensitivity and specificity of 18F-FDG PET/CT 

combined with other orbital imaging techniques, especially with diffusion-weighted MRI [35] to assess 

orbital tumor aggressiveness and eventually their related histology.  

 

 

 

 

 

 

 

 

 



 

 33 

Conclusion  
 
Our preliminary results indicated that 18F-FDG PET/CT could not be used to predict the underlying 

orbital tumor histology.  

However, more aggressive tumors, especially cancers and high-grade lymphomas, tended to show a 

higher orbital SUVmax compared to more indolent lesions. Tissue biopsy remains the gold standard 

for the diagnosis. Despite this, 18F-FDG PET/CT allowed identifying clinically relevant extra-orbital 

sites.  

Our findings need to be confirmed in further larger studies assessing the use of 18F-FDG PET/CT in 

combination with other imaging techniques, especially orbital MRI to assess orbital tumor 

aggressiveness. This would be relevant, especially in orbital apex tumors for which performing a tissue 

biopsy may be risky. 
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Abstract 
 
  

 

PURPOSE: To investigate whether 18F-FDG PET/CT could be useful to predict the histology of 

various orbital tumors based on the maximum Standard Uptake Value (SUVmax) and the 

OMSUV (Orbital Max SUV)/MLSUV (Mean Liver SUV) ratio. 

 

METHODS: A retrospective monocentric study was conducted between May 2019 and 

December 2020. Patients with an orbital mass who underwent preoperative 18F-FDG PET/CT 

followed by an orbital biopsy were included. Tumor histology was classified as follows: orbital 

inflammation, solid tumor, low-grade lymphoid tumor, and high-grade lymphoid tumor. 

Orbital tumors were also classified as indolent or aggressive. Data recorded included the 

orbital SUVmax, OMSUV/MLSUV ratio and additional extra-orbital SUV sites.  

 

RESULTS: Forty-five patients (24 men) were included. There were 15 (33.3%), 14 (31.1%), 9 

(20%), and 7 (15.5%) cases of orbital inflammation, solid tumor, low-grade lymphoid tumor, 

and high-grade lymphoid tumor, respectively. No correlation was found between the 

OMSUV/MLSUV ratio and orbital SUVmax and the tumor histology (Z= -0.77, Z= -0.6, Z= -1.6, 

and Z= 0.94, all p >0.05, respectively). No correlation was found between the OMSUV/MLSUV 

ratio (Z= -1.42, P >0.05) and orbital SUVmax (Z= -0.82, P >0.05) and the tumor aggressiveness 

(indolent versus aggressive). Subgroup analyzes showed that the SUVmax was almost 

predictive of lymphoma aggressiveness (p=0.05) and allowed distinguishing orbital cancers 

(High-grade lymphomas + solid tumors) from indolent tumors (Low-grade lymphomas + 

benign tumors) (p=0.02).  

 

CONCLUSION: 18F-FDG PET/CT could not be used to predict the underlying orbital tumor 

histology. However, more aggressive tumors, especially high-grade lymphomas and cancers, 

tended to have a higher orbital SUVmax compared to indolent lesions. 
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Résumé 
 
 

 
OBJECTIF : Déterminer la valeur prédictive du 18F-FDG TEP / CT sur l'histologie de tumeurs 
orbitaires biopsiées, en étudiant la valeur d'absorption standard maximale (SUV max) et le 
ratio SUVmax Orbitaire (OMSUV) / SUV moyen du foie (MLSUV). 
 
METHODES : Une étude rétrospective monocentrique a été menée entre mai 2019 et 
décembre 2020. Les patients présentant une masse orbitaire ayant bénéficié d'un 18F-FDG 
TEP/CT préopératoire suivi d'une biopsie orbitaire ont été inclus. L'histologie tumorale a été 
classée comme suit: inflammation orbitaire, tumeur solide, tumeur lymphoïde de bas grade 
et tumeur lymphoïde de haut grade. Les résultats de l'histologie tumorale ont été ensuite 
divisés en lésions indolentes ou agressives. Les données enregistrées à partir du 18F-FDG 
TEP/CT incluaient le SUVmax orbitaire, le ratio OMSUV/MLSUV et les fixations extra-orbitaires.   
 
RESULTATS : 45 patients (24 hommes) ont été inclus. Il s’agissait de 15 (33,3%) inflammations 
orbitaires, 14 (31,1%) tumeurs solides,  9 (20%) tumeurs lymphoïdes de bas grade et 7 (15,5%) 
tumeurs lymphoïdes de haut grade. Aucune corrélation n'a été retrouvée entre le ratio 
OMSUV/MLSUV, le SUVmax orbitaire et l'histologie de la tumeur. Aucune corrélation n'a été 
retrouvée entre le ratio OMSUV/MLSUV (Z = -1,42, P> 0,05), le SUVmax orbitaire (Z = -0,82, P> 
0,05) et l'agressivité des tumeurs (lésions indolentes versus agressives).  Les analyses en sous-
groupes ont suggéré que le SUVmax serait prédictif de l'agressivité des cancers orbitaires (tous 
les lymphomes + cancers solides) (p=0,02), et révélé une tendance statistique concernant 
l’agressivité des lymphomes (p=0,05).  
 
CONCLUSION : Le 18F-FDG TEP/CT n'est pas prédictif de l'histologie tumorale orbitaire sous-
jacente. Cependant, les tumeurs plus agressives, en particulier les lymphomes de haut grade, 
ont tendance à présenter un SUVmax orbitaire plus élevé que des lésions plus indolentes. 
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Serment d’Hippocrate 
 

Au moment d’être admise à exercer la médecine, je promets et je jure d’être fidèle aux lois de 
l’honneur et de la probité.  
 
Mon premier souci sera de rétablir, de préserver ou de promouvoir la santé dans tous ses éléments, 
physiques et mentaux, individuels et sociaux. 
 
Je respecterai toutes les personnes, leur autonomie et leur volonté, sans aucune discrimination selon 
leur état ou leurs convictions. J’interviendrai pour les protéger si elles sont affaiblies, vulnérables ou 
menacées dans leur intégrité ou leur dignité.  Même sous la contrainte, je ne ferai pas usage de mes 
connaissances contre les lois de l’humanité. 
 
J’informerai les patients des décisions envisagées, de leurs raisons et de leurs conséquences.  
 
Je ne tromperai jamais leur confiance et n’exploiterai pas le pouvoir hérité des circonstances pour 
forcer les consciences. 
 
Je donnerai mes soins à l’indigent et à quiconque me les demandera. Je ne me laisserai pas influencer 
par la soif du gain ou la recherche de la gloire. 
 
Admise dans l’intimité des personnes, je tairai les secrets qui me seront confiés. Reçue à l’intérieur des 
maisons, je respecterai les secrets des foyers et ma conduite ne servira pas à corrompre les mœurs. 
 
Je ferai tout pour soulager les souffrances. Je ne prolongerai pas abusivement les agonies. Je ne 
provoquerai jamais la mort délibérément. 
 
Je préserverai l’indépendance nécessaire à l’accomplissement de ma mission. Je n’entreprendrai rien 
qui dépasse mes compétences. Je les entretiendrai et les perfectionnerai pour assurer au mieux les 
services qui me seront demandés. 
 
J’apporterai mon aide à mes confrères ainsi qu’à leurs familles dans l’adversité. 
 
Que les hommes et mes confrères m’accordent leur estime si je suis fidèle à mes promesses ; 
que je sois déshonorée et méprisée si j’y manque. 

 

 

 

 

 

  


