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1.1 LESIONS SURRENALIENNES ET INCIDENTALOMES  

Les lésions surrénaliennes sont un motif fréquent de prise en charge dans les services 

d’endocrinologie et de chirurgie endocrinienne. Elles peuvent, dans une proportion croissante 

de cas, être découvertes sous la forme d’incidentalome. Ce dernier définit une masse 

surrénalienne supra centimétrique détectée sur un examen d’imagerie réalisé pour d’autre 

raison que la recherche d’une pathologie surrénalienne. Sont exclues de facto les masses 

surrénaliennes diagnostiquées suite à la constatation d’une anomalie hormonale (syndrome de 

Cushing par exemple), à la surveillance d’une prédisposition héréditaire (NEM 2A) ou lors du 

bilan d’extension d’une néoplasie extra surrénalienne. Les raisons de réalisation de ces 

examens sont principalement l’exploration de douleurs abdominales, un syndrome 

inflammatoire d’étiologie indéterminée. Les étiologies sont variées et présentées dans le 

tableau 1. 

TABLEAU 1 : ETIOLOGIES DES INCIDENTALOMES SURRENALIENS 

Tumeurs corticales surrénaliennes Adénomes 

Hyperplasie nodulaire 

Carcinome 

Tumeurs médullaires surrénaliennes Phéochromocytome 

Ganglioneurome 

Neuroblastome 

Autres tumeurs bénignes Hémangiome, myome 

Hématome 

Kystes 

Myélolipome, lipome 

Autres tumeurs malignes Métastases (poumon, mélanome, rein, sein) 

Lymphome, leucémie 

Granulomatoses Tuberculose 

Lésions extra surrénaliennes Kystes rénaux 

Rate accessoire 

Lésions vasculaires 

Diverticules digestifs 

ESE and ENSAT guideline on adrenal incidentaloma Fassnacht et al 2016 
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Les séries autopsiques rapportent d’ailleurs une prévalence comprise entre 2 et 8.7%, de 

lésion surrénalienne silencieuse (en augmentation avec l’âge) (1)(3). 

Ces dernières années, l’incidence des incidentalomes est en nette augmentation, conséquence 

directe de la généralisation des examens d’imagerie en tête desquels le scanner abdominal. A 

ce jour, les séries radiologiques retrouvent un incidentalome surrénalien jusqu’à 10% de la 

population générale (2) . 

TABLEAU 2 FREQUENCE DES DIFFERENTS TYPES D'INCIDENTALOMES 

Type de tumeur Médiane Intervalle 

Séries radiologiques 

Adénomes 80 33-96 

Non sécrétant 75 71-84 

Sécrétion autonome de cortisol 12 1-29 

Sécrétion d’aldostérone 2.5 1.6-3.3 

Phéochromocytome 7 1.5-14 

Corticosurrénalome 8 1.2-11 

Métastases 5 0-18 

Séries chirurgicales 

Adénomes 55 49-69 

Non sécrétant 69 52-75 

Sécrétion de cortisol 1 1-15 

Sécrétion d’aldostérone 6 2-7 

Phéochromocytome 10 11-23 

Corticosurrénalome 11 1.2-12 

Myélolipome 8 7-15 

Kystes 5 4-22 

Ganglioneurome 4 0-8 

Métastases 7 0-21 
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La prise en charge actuelle d’un incidentalome surrénalien se heurte à deux problématiques : 

s’agit-il d’une lésion sécrétante (et potentiellement préjudiciable pour le patient) ? S’agit 

d’une lésion maligne ?  

Le caractère sécrétant d’une lésion surrénalienne se recherche par une appréciation clinique 

approfondie (syndrome de Cushing, HTA, diabète, triade de Ménard) et une évaluation 

biologique standardisée à minima (3).  

TABLEAU 3 BILAN HORMONAL EN CAS D’INCIDENTALOMES SURRENALIENS 

Type d’hormones Bilan biologique 

Glucocorticoïdes Test à la dexaméthasone (1 mg à 23h) 

Cortisol libre urinaire des 24 heures 

Cortisolémie à 8 heures et à minuit 

ACTH plasmatique 

Stéroïdes sexuels et précurseurs 

stéroïdiens 

SDHEA sériques 

17 OH progestérone sérique 

Androstènedione sérique 

Testostérone sérique, 17Boestradiol 

Minéralocorticoïdes Kaliémie 

Ratio aldostérone/rénine 

Recherche de phéochromocytome Catécholamines plasmatiques  

Catécholamines urinaires des 24 heures 

ESE and ENSAT guideline on adrenal incidentaloma Fassnacht et al 2016 

 

Un aspect particulier est réservé à la notion d’ASC récemment actualisée dans les guidelines 

ESE. Le principal test de dépistage reste le freinage dit minute avec 1 mg de dexaméthasone, 

suivie en cas de nécessité de bilan complémentaire par le dosage de l’ACTH, du Cortisol libre 

urinaire voire du cortisol salivaire à minuit. 

Cela est résumé dans la figure suivante. 
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Les incidentalomes sont le plus souvent bénins (adénomes, myélolipomes, kystes) et non 

sécrétants. Parmi les tumeurs malignes on distingue les tumeurs de la médullosurrénale 

(phéochromocytome) et celles de la corticosurrénale (CSM). Le diagnostic de malignité de 

ces dernières s’appuie sur l’analyse histopathologique des critères du score de Weiss (4). 

 

Il possède neuf critères, qui compte chacun pour un point. 

- Grade nucléaire (III ou IV) selon Furhman 

- Index mitotique : > 5/50 HPF (*40 objectif) 

- Présence de mitoses atypiques 

- Architecture diffuse représentant plus d’un tiers de la tumeur 

- < 25 cellules claires ou microvacuolisées 

- Nécrose 

- Invasion veineuse 

- Invasion sinusoïdale 

- Invasion capsulaire 

 

La présence d’au moins trois critères affirme la malignité avec une sensibilité de 100% et une 

spécificité de 96%. Il s’agit d’un des principaux facteurs pronostiques dans les 

corticosurrénalomes. 
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1.2 APPORT DE L’IMAGERIE DANS LA CARACTERISATION DES 

LESIONS CORTICOSURRENALIENNES 

1.2.1 IMAGERIE MORPHOLOGIQUE  

1.2.1.1 SCANNER  

 

Il évalue plusieurs paramètres :  

 La taille qui est plus importante en moyenne chez les adénomes que les 

corticosurrénalomes : les adénomes de grande taille (supérieure à 5 cm sont en effet 

rares) alors que les corticosurrénalomes ont une taille moyenne d’environ 10 

centimètres ; toutefois, elle ne prédit pas la sévérité à elle seule au sein des adénomes 

et des corticosurrénalomes. 

 Les caractéristiques radiologiques des lésions surrénaliennes : ainsi, il est 

communément admis qu’une masse homogène, ovoïde, bien limitée, tissulaire est en 

faveur de la bénignité de la lésion et d’un adénome typique riche en lipides (5). 

A l’inverse, les cortico surrénalomes et les adénomes dits atypiques (pauvre en 

lipides) sont hétérogènes, parfois de grande taille et sont généralement réséqués. 

Certains signes peuvent toutefois orienter vers la malignité de la lésion telles des 

limites floues, des foyers de nécrose alors que les foyers hémorragiques, les zones 

kystiques et les calcifications se retrouvent plutôt dans les adénomes atypiques. Les 

foyers hémorragiques peuvent être liées à une croissance rapide et à l’ischémie 

relative.  

Ainsi, Launay et collaborateurs ont étudié 167 lésions surrénaliennes réséquées à 

l’hôpital Cochin parce qu’elle ne présentaient pas de critères de bénignité au scanner 



25 

 

et/ou à l’IRM. Les adénomes atypiques présentaient tous des limites régulières contre 

41% des corticosurrénalomes, des foyers de graisse macroscopiques contrairement aux 

corticosurrénalomes ; plus de la moitié des corticosurrénalomes présentaient des 

foyers de nécrose ce qui n’était le cas d’aucun adénome atypique ; les adénomes 

atypiques présentaient quand à eux quatre fois plus de calcifications que les 

corticosurrénalomes. Ceci confirme la complémentarité  ou dans certains cas la 

supériorité des caractéristiques radiologiques sur la taille (6). 

  

 La densité spontanée reflète la quantité de lipides intra lésionnelle comme démontré 

par Yamada et al (7).  

Ainsi, les adénomes riches en lipides ont une densité spontanée plus basse que les 

adénomes pauvres en lipides d’une part et les corticosurrénalomes d’autre part (8). Le 

seuil utilisé est inférieur à 10 unités hounsfields ; ainsi, lorsque c’est le cas, cela signe 

un adénome riche en lipides et donc la bénignité de la lésion, aucun examen 

supplémentaire n’est requis. La sensibilité et la spécificité de ce cut off sont de 71 et 

100% (8). 

Une densité spontanée supérieure à 10 unités Hounsfields (vue dans 30% des 

adénomes) n’est pas forcément synonyme de malignité étant donné le chevauchement 

entre les densités spontanées des adénomes pauvres en lipides et les 

corticosurrénalomes (9).  

Aucune limite haute de densité spontanée ne garantie la malignité de la lésion même si 

certains auteurs ont proposé la valeur de 43 unités Hounsfields. 
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 La mesure des wash out : elle est basée sur l’étude du rehaussement des adénomes 

après injection de produit de contraste précocement (1 minute) et tardivement à 10 

minutes. Les adénomes, en relation avec une densité vasculaire et des taux de VEGF 

plus importants (10), présentent un rehaussement rapide ainsi qu’un wash out rapide 

au contraire des corticosurrénalomes pour lesquels le rehaussement est plus lent mais 

plus durable (11). 

Les pourcentages de wash out sont calculés selon les formules suivantes : 

absolu (densité précoce-densité tardive)/(densité précoce-densité spontanée) et le 

relatif (densité précoce-densité tardive)/densité précoce. Les normes sont ≥60% pour 

l’absolu et ≥ 40 pour le relatif. Ces pourcentages sont en faveur d’une composante 

lipidique de la lésion et donc en faveur de la bénignité (12).  

Dans le même ordre d’idées, certains auteurs ont identifié des modèles de courbes de 

rehaussement pour différencier les adénomes des non adénomes (11) ; la densité 

précoce peut être également utilisée sur le même modèle. Il n’y a pas de supériorité de 

l’un ou l’autre de ces wash out ; par contre, le relatif est plus aisé d’utilisation étant 

donné que la mesure de la densité spontanée, non réalisée systématiquement, n’est pas 

nécessaire à son calcul. 

Les normes à utiliser doivent être adaptées en fonction du moment où est calculée la 

densité tardive (5, 10 ou 15 minutes) (13). Il n’y a pas de supériorité prouvée (14). 

 

 L’évolution en taille de la lésion : il est admis qu’une stabilité d’une lésion sur 6 mois 

à un an va à l’encontre d’une nature maligne.  

Les études avec un suivi sur plusieurs années vont dans ce sens (3). 
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 L’éventuel envahissement local ou régional, la présence d’une néoplasie d’origine 

extra-surrénalienne 

 

La biopsie scanoguidée n’a pas d’indication en dehors du bilan de probables métastases d’une 

néoplasie extra surrénalienne. Il faut bien entendu avoir éliminé un phéochromocytome au 

préalable. 

 

1.2.1.2 L’IMAGERIE PAR RESONNANCE MAGNETIQUE 

 

Elle est basée sur la vibration des protons qui est différente selon qu’ils sont dans l’eau ou la 

graisse. Sa place se situe lorsque la densité spontanée de la lésion surrénalienne est supérieure 

à 10 unités hounsfields. 

Une diminution de signal entre les séquences en et en opposition de phase supérieure à 20% 

signe une composante lipidique et est en faveur d’un adénome riche en lipides et donc de la 

bénignité. Toutefois, cet examen ne peut différencier les adénomes pauvres en lipides et les 

corticosurrénalomes.  

Malheureusement, la sensibilité de l’IRM diminue parallèlement à l’augmentation de la 

densité spontanée (15). Les études comparant l’efficacité de l’IRM et du scanner, avec ou 

sans étude du rehaussement, sont en faveur du scanner ce qui rend l’IRM de moins en moins 

usité (16) (17). 

Cet examen n’est donc recommandé que chez les jeunes adultes (éviter les radiations 

ionisantes) ou lorsque le scanner ne peut être réalisé (insuffisance rénale, allergie au produit 

de contraste, femme enceinte) (3). 
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1.2.2 IMAGERIE FONCTIONNELLE  

1.2.2.1 TEP 18FFDG 

 

Lorsque ces examens échouent à caractériser les lésions surrénaliennes, la Tomographie par 

émission de positons est réalisée. 

Elle est basée sur le fait que les cellules cancéreuses, de par leur prolifération et /ou leur 

activité sécrétoire, ont une consommation de glucose plus importante que les cellules saines. 

Les tumeurs cancéreuses présentent donc une captation plus importante de glucose et donc de 

2 fluoro déoxyglucose que les cellules normales (18).   

Le PET/TDM a été initialement utilisé lors des bilans d’extension des néoplasies avec une très 

bonne sensibilité mais une faible spécificité et a donc par la suite été utilisé pour différencier 

les adénomes des corticosurrénalomes. La captation est indiquée par le Standard Uptake 

Value (SUV) ramenée à la captation moyenne du corps entier (SUV foie) afin d’éviter la 

variabilité inter radiologue et par rapport au bruit de fond du SUV lésionnel. 

L’équipe de Groussin et collaborateurs a déterminé qu’un ratio supérieur à 1.45 était 

fortement en faveur de la malignité de la lésion. Les valeurs de SUV sont moins utilisées en 

raison de l’absence de standardisation et de l’influence de la captation du FDG du reste du 

corps depuis l’apparition des ratios.. 

 

1.2.2.2 SCINTIGRAPHIE AU NORIODOCHOLESTEROL 

 

Elle n’a pas d’intérêt dans le diagnostic entre les lésions malignes et bénignes de la 

corticosurrénale. En revanche, son intérêt reste certain notamment dans le cas des adénomes 

bilatéraux ou des hyperplasies surrénaliennes afin de guider la prise en charge chirurgicale. 
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1.2.2.3 LE 11C METOMIDATE : TECHNIQUE EN DEVENIR (19) 

 

Le 11C métomidate a été évalué au niveau du diagnostic étiologique des incidentalomes. Le 

métomidate est un inhibiteur de la 11béta hydroxylase, enzyme clé au niveau de la synthèse 

du cortisol et de l’aldostérone. Ce traceur permet de différencier les adénomes cortico 

surrénalien des autres lésions mais ne permet pas de trancher spécifiquement entre les 

adénomes et les corticosurrénalomes. Les études restent contradictoires avec des Standards 

Uptake Value lésionnels maximums très élevés au niveau des corticosurrénalomes suivis par 

les adénomes sécrétants, les non fonctionnels et les autres lésions (20). En cas d’incertitude, 

cet examen peut néanmoins se révéler utile (22). 

Néanmoins, sa sensibilité et spécificité apparaissent inférieures à celles du scanner puisqu’il 

ne permet pas une différenciation optimale des lésions malignes et bénignes (21) et cet 

examen n’a pas encore trouvé sa place dans le schéma diagnostique.  

 

1.3 LIMITES ET PIEGES DE L’IMAGERIE CORTICOSURRENALIENNE 

EN PRATIQUE : PIEGES DIAGNOSTIQUES  

 

Il existe plusieurs difficultés d’interprétation des examens détaillés ci-dessus. 

Au niveau scanographique, afin de déterminer les densités spontanées, les radiologues 

utilisent une ROI (Region of Interest) occupant les deux tiers de la lésion ciblée. Toutefois, en 

raison du caractère souvent hétérogène des lésions de grande taille (en raison de nécrose 

centrale, de foyers hémorragiques…), l’emplacement des ROI varie et les densités également. 
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Ainsi,  la densité spontanée, selon certains auteurs augmenteraient parallèlement à la taille de 

la lésion : la sensibilité du scanner diminuerait et contribuerait à classer à tord des lésions 

comme malignes alors qu’elle sont bénignes (23). 

 

De la même manière, les adénomes cortisoliques seraient enclins à présenter une densité 

spontanée supérieure à 10 unités hounsfields (cut off traditionnel), mécanisme potentiellement 

lié à la transformation des cellules claires en cellules compactes sous l’influence des 

mutations activatrices de la phosphokinase A (24). A l’opposé, les adénomes présentant une 

sécrétion autonome de cortisol auraient tendance à présenter de plus faibles densités 

spontanées (25) (26). 

Concernant le TEP, certaines lésions bénignes, telles les myélolipomes (27) ou certains 

adénomes présentent une hyperfixation lors de cet examen (28) ; les mécanismes ne sont pas 

d’ailleurs élucidés. Enfin, les SUV maximums des lésions malignes peuvent être sous estimés 

en raison des caractéristiques radiologiques (nécrose) que ce soit pour le PET TDM au 18 F 

FDG ou au 11 métomidate (29). 

De plus, les ratios ne sont pas standardisés, 1.45 pour l’équipe de Groussin (30), 1.80 pour 

l’équipe d’Okada (31) et varient selon les équipes : à ce propos, une large étude prospective 

permettra de mieux préciser le rôle de la TEP au 18 F FDG dans la prise en charge des lésions 

cortico surrénaliennes.  
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1.4 TRAITEMENT 

 

Le traitement est résumé dans la figure suivante :  

 

 

ESE and ENSAT guideline on adrenal incidentaloma Fassnacht el al. 
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Abstract (247 words) 

 

Objective 

CT scan and 
18

F-FDG/PET are routinely used to distinguish malignant adrenocortical 

carcinomas (ACC) from benign adrenal cortical adenomas (ACA), but less frequently put 

into perspective with the secretory status and the histology of the adrenal lesion.  

We compared imaging criteria of operated adrenal cortical lesions with their respective 

cortisol-secreting status and histological analysis. 

 

Patients and Methods  

We retrospectively collected hormonal, radiological, 
18

F-FDG/PET and histological datas 

of 76 patients with operated adrenal cortical lesion in a tertiary referral center. 

Histopathological Weiss score was the gold standard for the diagnosis of ACA (score  

2) and ACC (score  3).  

 

Results  

The study population consisted of 24 ACC and 52 ACA. Thirty nine patients (51%) had 

cortisol oversecretion. ACC had significant larger size compared to ACA (108.6 mm vs. 

37 mm, p < 0.0001). A majority (21/24) of cortisol-secreting ACA had an unenhanced 

density above 10HU, the threshold used for benignity, but were properly classified as 

benign lesions in 93% of cases by the relative wash out analysis. A higher 
18

F-FDG 

uptake was observed in ACC compared to ACA (p < 0.0001). In the latter cases, an 

oversecretion of cortisol led to a higher 
18

F-FDG uptake (p<0.05), such as an adrenal to 

liver maxSUV ratio ≥ 2 was highly predictive of malignancy.  

 

Conclusion 

Oversecretion of cortisol in ACA can lead to an overestimation of the malignant 

behaviour of an adrenal lesion. Adrenal relative wash out analysis and appropriated 
18

F-

FDG/PET ratio are helpful to characterize these suspicious lesions. 
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Introduction 

Diseases consecutive to adrenal disturbancies are frequent in clinical practice and 

abnormalities can affect the adrenal gland(s) in nearly 10% of autopsy series (1,2). 

Incidentalomas, defined as adrenal masses detected on imaging performed for other 

indications, are currently found in up to 4 to 10% of CT examinations (2). In most cases, 

adrenal incidentalomas are nonfunctioning, benign, adrenocortical adenomas, but may also 

represent conditions requiring therapeutic intervention (e.g. adrenocortical carcinoma, 

pheochromocytoma, hormone-producing adenoma or metastasis). According to the 

European Society of Endocrinology (ESE) guidelines, an initial diagnostic evaluation is 

mandatory to determine whether the adrenal lesion is benign or malignant and/or 

hormonally active.  

Several morphological aspects of an adrenal lesion on the CT scan are already evocative of 

benignity : a regular border, a maximum size diameter less than 4 cm or an homogeneous 

tissular content (4, 5, 6), however none of them are specific enough for the differentiation 

of malignant from benign tumors. On noncontrast (or ‘unenhanced’) computed 

tomography (CT), lipid-rich benign adrenal cortical adenomas have an attenuation value 

density ≤ 10 Hounsfield Unit (HU), the more common threshold used to predict benignity 

of an adrenal lesion (3). Nevertheless, a third of adrenal adenomas are lipid-poor and may 

have, in spite of their benignity, an attenuation value > 10 HU thus overlapping in density 

with malignant lesions and pheochromocytomas (8). In this setting, the quantification (in 

%) of the adrenal contrast enhancement washout after contrast medium injection, is useful 

to differentiate benign from malignant tumors. Adrenal adenomas generally take up 

intravenous CT contrast rapidly, but also have a rapid loss of contrast which leads to an 

important washout while the other way around occurs in case of malignant tumors. It is 
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generally assumed that a relative washout > 40% and an absolute washout >60% suggest 

that an adrenal lesion is benign (7).  

Looking at these criteria, some points are still matter of debate, like the impact of the 

cortisol-secreting status over imaging features. Recently, Chambre and collaborators 

suggested that nearly 80% of benign cortisol-secreting adrenal adenomas had an 

unenhanced density above 10 HU (24). Conversely, other studies showed a negative 

correlation between the probability of having a cortisol secretion and the density of the 

adrenal mass (10, 11). In these undetermined cases, other imaging procedures, especially 

the 
18

F-FDG/PET, are usually required. In a series of 77 patients, an adrenal to liver 

maximum standardized uptake value (maxSUV) ratio < 1.45 has been proposed to suggest 

benignity of an adrenal lesion (30). Nonetheless, several cases of benign 
18

F-FDG avid 

adrenal masses (like adrenal myelolipoma) were described through the literature (13, 14) 

and overall, a false 5 to 30% positivity rate is observed for the prediction of adrenal 

malignancy (34). At present, the histopathological analysis of the adrenal lesion using the 

9-criteria Weiss score system remains the "gold standard" to eventually determine the 

behaviour of the tumor (4), but its determination obviously requires a surgical resection of 

the mass. A Weiss score ≥ 3 is assumed to define the malignancy cut-off for adrenal 

lesions.    

Until now, few studies reporting in details the imaging characteristics of adrenal cortical 

lesions in comparison to their Weiss score and cortisol-secreting status have been 

conducted. Therefore, in this clinical study, our aim was to analyse the radiological 

features of 76 resected adrenal cortical lesions (CT scan and 
18

F-FDG/PET) and to report 

for each of them the hormonal status as well as the histopathological analysis according to 

the Weiss score system.   
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Subjects and methods 

Patients 

The present study was approved by the Ethics Committee of the University Hospital of 

Nancy (Nancy, France) and informed consent was obtained from each patient. A total of 76 

patients who underwent resection of either an adrenal cortical adenoma (ACA) or an 

adrenal cortical carcinoma (ACC), between January 2004 and June 2016, were enrolled in 

this study. The endocrine and radiological characteristics of each tumors were documented 

before surgery. A complete screening of Cushing syndrome was performed for each patient 

including 24h-urinary free cortisol (24h-UFC), a cortisol circadian rhythm assessment 

(8am, 12pm, 4pm, 8pm, 12am) and 1 mg overnight dexamethasone suppression test (1mg-

DST). Primary hyperaldosteronism and pheochromocytoma were ruled out by plasma 

measurement of renine/aldosterone and urinary metanephrines, respectively.  We defined 

patients as having non-secreting adenomas if 24h-UFC was normal, morning plasma 

cortisol after 1mg-DST, below 18 g/l (50 nmol/l) and a respected cortisol circadian 

rhythm. Because the (biological) definition of autonomous secretion of cortisol (ASC) is 

still a source of uncertainty, we defined as being secreting lesion with proved ASC, 

patients with increased 24h-UFC, morning cortisol ≥ 50 g/L (138nmol/L) after 1mg-DST 

and an abolished circadian rhythm of cortisol.   

 

Computed Tomography images analysis 

Features analysed on routine Computed Tomography (CT) scanning (thickness : 0.625 mm) 

included the maximum diameter size, shape and unenhanced attenuation value of the adrenal 

lesion. To evaluate the unenhanced density value in homogeneous lesion, the radiological 

examiner set up a region of interest (ROI) which covered two third of the adrenal mass. In 
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case of heterogeneous lesions, the radiologist focused on the tissue part of the lesion. Where 

available, the adrenal washout was calculated using the density value of the adrenal mass on 

portal venous phase (early density) and 15 minutes delayed (late density) CT-scans. The 

relative WO was established by this mathematical formula : relative WO = (early density – 

late density)/early density. Adrenal lesions were considered as benign if the relative WO was 

 40%. 

 

18
F-FDG/PET images analysis 

Patients fasted 6 hours and a glycemia less than 200 mg/dl were necessary before the 
18

F-

FluoroDeoxyGlucose Positron Emission Tomography (
18

F-FDG/PET) was carried out. 

Diabetic patients were prepared with oral antidiabetic medications and/or insulin to obtain a 

glycemia less than 200 mg/dl. None patient have chemotherapy or radiotherapy ongoing. 

Imaging was performed 60 minutes after IV administration of 
18

F-FDG (4Mbq/kg +/- 

30Mbq).  The three-dimensional acquisitions of emission and transmission data were 

performed sequentially (first CT then PET), with 160 to 210 seconds per bed position 

according to body mass index. The material for CT was a Biograph 6 with SOMATOM 

Emotion 6 from Siemens. Image analysis was done by two experienced nuclear medicine 

physician (PO, EC) who performed the measurement of the calculated standardized uptake 

value (SUV) for each adrenal lesion.  The uptake of the adrenal mass was quantified in a 

dedicated region of interest (ROI) that encompassed the central two thirds of the mass if 

relatively homogeneous or the most uniform area if the mass was heterogenous. The area of 

maximal standardized uptake value (maxSUV) activity was identified within the ROI and 

compared  to a normal uptake (liver) in order to normalize adrenal maxSUV by liver 
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maxSUV. We analyzed the adrenal maxSUV to liver max-SUV ratio, as previously described 

(30). 

Histological analysis 

The pathological analysis was performed by an experienced pathologist (JMV). The nine 

histological parameters evaluated in the Weiss score system are high nuclear grades, 

mitotic rate >5/50 high power fields (HPF), atypical mitotic figures, clear tumor cell 

cytoplasm (less than 25% tumor cells), diffuse architecture (greater than 33% of tumor), 

necrosis, venous invasion, sinusoidal invasion, and capsular invasion. Benign adrenal 

cortical adenomas (ACAs) had a Weiss score  2 while adrenal cortical carcinomas 

(ACCs) was defined by a Weiss score  3.  

 

Statistical analysis  

For statistical analysis, GraphPad Prism ® version 6.04 (Graph-Pad Software, San Diego, 

Calif., USA) was used. Comparative statistical evaluations between groups were 

accomplished with unpaired t tests or one-way ANOVA followed by Tukey’s tests for 

multiple post hoc comparisons. Data are reported as means ± SEM. A P value <0.05 was 

considered to be significant for all tests. To measure the strength of association between 

pairs of variables without specifying dependency, Spearman’s rank-order correlations were 

run. The differences were considered to be statistically significant at P < 0.05. 

 

Results 

Patients characteristics 

The majority (59%) of patients was female, with a women/men ratio of 1.45/1. The mean age 

of diagnosis was 52.8 ± 12.6 years, roughly the same in the ACC group compared to the ACA 
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group (50.6 ± 13.7 years vs. 53.8 ± 12 years respectively, NS). 52/76 (68%) patients had an 

ACA and 24/76 (32%) had an ACC. An history of extra adrenal cancer was found in 11 

patients (Table 1). 

A total of 43 lesions including 9 ACCs (37.5%) presented as incidentalomas while endocrine 

complications evocating either a Cushing syndrome (i.e. diabetes mellitus and/or arterial 

hypertension with hypokaliemia) or signs of hyperandrogenism led to the diagnosis of a 

secreting adrenal lesion in 28 cases (13 ACA, 15 ACC). Overall, 39 lesions (27 ACAs, 12 

ACCs) were biologically confirmed with an autonomous secretion of cortisol (ASC). In three 

patients, the secretory status was not available because it had not been performed pre-

operatively (n = 2) or because of the existence of  a 21-hydroxylase deficiency (n = 1). 

Given our criteria for the diagnosis of an ASC, 8 patients presented an incomplete picture 

and therefore were considered as having a "possible" ASC : there were 5 women and 6 

ACAs. Majority of these lesions were diagnosed as incidentalomas. Two patients had a 

"putative" ASC because they had a morning cortisol between 1.8 and 5 g/dL after 1mg-

DST, however with normal 24h-UFC and a normal cortisol circadian rhythm. Six patients 

were highly suspicious of ASC because they had a mild increase of 24h-UFC (i.e. < 

2ULN) with a morning cortisol ≥ 1.8 mg/dL (50 nmol/L) after 1mg-DST. Nonetheless, 

their respective cortisol circadian rhythm was normal. 

 

CT scans data  

In ACC (n = 23) the mean maximum diameter size was significantly larger than in ACA (n 

= 51) (108.6  39.6 mm vs. 37  10.5 mm respectively, p < 0.0001) (Figure 1A). Any 

ACA had a maximum diameter size above 60 mm. On the opposite,  2 ACC had a maximal 

diameter < 60 mm had respective Weiss scores of 3 and 4. In ACC, the maximal size of the 
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tumour was not correlated with the severity of the Weiss score, thus suggesting that the 

maximal diameter of the tumour cannot be considered as an independant predictive factor 

of the tumour malignancy (Figure 1B). Unenhanced attenuation values were available in 

47 ACA and 36 of them (76%) had a value > 10 HU. The relative WO was available for 

24/36 of these ACA and the threshold  40% was reached in 15 of them (62.5%). It is 

noteworthy that 14 out of these 15 ACA were cortisol-secreting lesions, while the 9 ACA 

with a relative WO < 40% were hormonally inactive and reported as Weiss = 0 (n = 5); 

Weiss = 1 (n = 1) and Weiss = 2 (n = 3) (Figure 1C). All the ACC (n = 11) with an 

unenhanced attenuation value > 10HU, had a relative WO < 40% (Figure 1D). 

The unenhanced attenuation value do not differ significantly between the group of 

secreting (24 ACA, 12 ACC) versus non secreting (16 ACA, 5 ACC) adrenal lesions (24.7 

 11.2 HU vs. 28.1  14.9 HU respectively, data not shown). However, a majority of 

cortisol-secreting ACAs (87.5%) had an unenhanced attenuation value > 10 HU. Likewise, 

the mean maximal diameter size does not statistically differ between secreting (26 ACA, 

11 ACC) and non secreting (17 ACA, 7 ACC) adrenal lesions (55.4  38 mm vs. 64.1  

48.7 mm respectively,  data not shown). 

Overall, the sensivity and specificity of the 10 Hounsfield units unenhanced computed 

tomography attenuation threshold for the screening of malignant lesions were respectively 

100% and 23.4%. In our series, the corresponding negative predictive value of this 

threshold was 100%.  

 

18
F-FDG-PET features of resected adrenal lesions  

Reports of 
18

F-FDG-PET were available for 48 adrenal lesions, 29 ACA and 19 ACC. The 

adrenal to liver maxSUV ratio was higher in ACC compared to ACA (3.94  2.82 vs. 0.94 
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 0.32 respectively, p < 0.0001, Figure 2A). Moreover, we found a positive correlation 

between the adrenal to liver maxSUV ratio of the tumour and its Weiss score (r
2
 = 0.27 p < 

0.0001, Figure 2B), such as all the ACC had an adrenal to liver maxSUV ratio  2 (Figure 

2B).  

This positive correlation did not exist anymore when we only considered the ACC (Weiss 

 3), which suggest that the adrenal to liver maxSUV ratio of the tumor cannot be 

superposable to the Weiss score system in malignant adrenal tumour (Figure 2C). 

Similarly, the adrenal to liver maxSUV ratio was not correlated to the Weiss score in 

benign tumours (r
2
 = 0.07, p = 0.16, data not shown). In the latter, the existence of a 

secretion of cortisol was associated with a higher maxSUV ratio compared to non-secreting 

adrenal adenomas (1.12  0.36 vs. 0.853  0.16 respectively, p = 0.02) (Figure 2D). For 

instance, one non-diabetic patient (patient 21) was diagnosed with an overt ASC secondary 

to a cortisol-secreting ACA (Weiss score = 0). The unenhanced attenuation values of the 

adrenal lesion was 20HU (Figure 3A) with a relative WO of 79%, in favor of benignity 

(Figure 3B-C). Interestingly, its adrenal to liver maxSUV ratio was 1.71 (Figure 3D). 

 

Discussion 

 

Over the past years, the incidence of adrenal incidentalomas increases as a direct 

consequence of the wide recourse to abdominal imaging, especially the CT scan, in clinical 

practice. For the sake of clarity and because adrenal MRI does not provide additional 

information compared to CT scan in the characterization of adrenal incidentalomas (15), 

we only included CT scan datas in our study population of 76 adrenal cortical lesions.  
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Our study shows, in agreement with the published guidelines, that the unenhanced CT scan 

contributes to the characterization of the adrenal lesion. As a matter of fact, all operated 

adrenal cortical adenomas (ACA), defined by a Weiss score  2, had a maximum size 

diameter below 60 mm. Interestingly, the proportion of malignant lesion (ACC) with a size 

< 60 mm remains marginal in our cohort (2/24, 8.3%) and fits with the 5-10% rate of 

"small" (i.e. < 6cm) ACC, reported in European national registries (19, 20). To our 

opinion, the 60mm cut-off is therefore acceptable to indicate surgery although it raised the 

issue of the small ACC. Looking at this, it is noteworthy to mention that despite the 

increasing number of CT scans performed those last years, the mean size of ACC at 

diagnosis remains stable, around 100 mm (19), an unexpected finding maybe due to a 

peculiar aspect of the tumour growth. If we consider ACC developed in predisposed 

children, in other terms in a young population, the mean size of the tumor (already) exceed 

6 cm (21, 22), which is not in favour of a linear tumour growth over the time. Moreover, 

the frequent occurrence of necrosis and intratumoral haemorrhage in ACC could reflect a 

rapid, uncontrolled, and asymptomatic growth of the tumour, followed by a slower phase 

of growth. From a molecular perspective, several altered pathways, such as the IGF, TP53 

and the Wnt signaling pathway, have been identified as key drivers of ACC pathogenesis 

and may be subject to counterbalanced mechanisms of growth inhibition during the tumour 

evolution. Albeit speculative, it is therefore not inconsistent to hypothesize that a rapid 

growth of ACC may occur early in their natural history, the reason why such tumours still 

present with an important maximal diameter size at the time of diagnosis. 

Besides the size of the tumour, we observe a high proportion of ACA (76%) with an 

unenhanced density > 10 HU, while lipid-poor adenomas usually count for 30% of 

adenoma cases (8). This difference is probably explained by our cohort of patients, all 

surgically treated for their adrenal lesion. An overestimation of undetermined (i.e. 
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unenhanced attenuation value > 10 HU)  adrenal lesions is thus likely to occur and does not 

reflect the real proportion of lipid-poor adenomas encountered in the real life. 

Nevertheless, when only considering the cortisol-secreting ACA whose surgical resection 

was indicated because of the Cushing syndrome rather than an atypical aspect on the CT 

scan, a majority of them (87.5%) also had an unenhanced density > 10HU. This result is in 

line with the conclusion from the group of Groussin who observed that nearly 80% of 

benign cortisol-secreting adenomas had, due to a low content of lipid-rich cells, an 

unenhanced attenuation value > 10 HU (24). A misinterpretation of the nature of an 

adrenal lesion on the CT scan may thus occur if a cortisol secretion is associated to the 

mass. Our study shows that analysis of the relative wash-out can successfully classified 

more than 93% of cortisol-secreting ACA as benign lesions. Compared to the absolute 

wash out, previous studies underlined an easiest feasibility of the relative wash out because 

it does not require for its calculation, an unenhanced density value. This latter condition is 

indeed, not always performed during routine CT scan exams, especially if they were not 

indicated for the study of adrenal glands. Moreover, relative WO has been previously 

suggested to classified more optimally benign lesions than the absolute WO (30).  

In undetermined cases, 
18

F-FDG/PET is a nuclear medicine modality of interest for the 

characterization of adrenal mass (3). Uptake of 
18

F-FDG is based on the principle that 

adrenal carcinoma cells have an increased requirement for glucose and, therefore, take up 

more glucose and deoxyglucose than adrenal cortical normal or adenoma cells. 

Determination of the maximal uptake of 
18

F within the adrenal defines the maximal 

standard uptake value (max SUV) of the lesion whose normalization by the maxSUV of 

the liver leads to a maxSUV adrenal/liver ratio for each adrenal lesion. In a previous study, 

an adrenal to liver max SUV ratio above 1.45 has been proposed as a cut off value to 

distinguish benign from malignant adrenal tumours (30). Similarly, we observe a 
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significant higher uptake of 
18

F-FDG in ACC compared to ACA with an adrenal to liver 

max SUV ratio > 2 in all ACC. In addition, we observe a positive correlation between the 

Weiss score and the adrenal to liver max SUV ratio of the lesion. If we consider the group 

of ACA, we find a significant higher uptake of 
18

F-FDG in cortisol-secreting lesions 

compared to the non-secreting ones mainly due to three patients with cortisol-secreting 

ACA and an adrenal to liver max SUV ratio of 1.71, 1.91 and 1.74 and corresponding 

Weiss score of 0, 2 and 2, respectively. Whether the existence of a cortisol secretion can 

positively influence the uptake of 
18

F-FDG in (certain) ACA has been recently suggested 

(37), and a careful assessment of the patients with ACA included in the study of Groussin 

and collaborators show us that 5/43 patients had max SUV ratio above 1.45 (1.72, 1.83, 

1.92, 1.67 and 2.36 respectively). Of note, all of these patients had either a subclinical 

(n=3) or an overt autonomous secretion of cortisol (n = 2). An overexpression of GLUT3, 

both at the DNA and the protein levels, have been identified in cortisol-secreting ACAs 

(37). Interestingly, this overexpression of GLUT 3 seems to be relatively specific of 

cortisol-secreting ACAs as high uptake of 
18

F-FDG by SDHx-related pheochromocytomas 

and paragangliomas was due to accelerated glucose phosphorylation by hexokinases rather 

than increased expression of glucose transporters (38). In the neuronal population, the 

study conducted by Jin and collaborators showed that the promoter of human GLUT3 

contains three CRE (cAMP response element)-like elements, such as an overexpression of 

CRE-binding protein (CREB) or activation of cAMP-dependant protein kinase (also 

known as PKA) significantly increased GLUT3 expression (39). Unlike non-secreting 

adrenal adenomas, in sporadic cortisol-secreting adrenocortical adenomas, somatic 

mutations in the gene coding for the C subunit of the PKA (PRKACA) have been found 

in about 30% of the tumors and caused constitutive PKA activation (40). We thus 

speculate that some cortisol-secreting ACAs express high level of GLUT3 presumably due 
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to a somatic mutation in PRKACA and that this GLUT3 overexpression results in a higher 

uptake of 
18

F-FDG. Further investigations in this direction are obviously required to 

confirm such hypothesis. 

Our study has obvious inherent limitations due to its retrospective nature. To decrease the 

risk of bias due to an insufficient characterization of the adrenal lesions, we only recruited 

patients with a full characterization of the different criteria of Weiss score and all Weiss 

scores were established by a specialized pathologist. Likewise, the fact that some CT scans 

had been performed in other centers than our could also be questioned : however, all the 

CT were included in our imaging database and read by a specialized radiologist who 

performed a systematic second reading in borderline cases. In order to rule out any bias of 

interpretation in our comparative imaging analysis between secreting and non-secreting 

adrenal lesions, we decided to include in the secreting group only patients who had 

simultaneously an increase in 24h-UFC, a morning cortisol ≥ 5 g/dL (138nmol/L) after 

1mg-DST and cortisol circadian rhythm disruption. On the opposite, non-secreting patients 

had normal 24h-UFC, morning cortisol < 1.8 g/dL (50 nmol/L) after 1mg-DST and 

respected cortisol circadian rhythm. We thus, identified eight patients with a possible 

autonomous secretion of cortisol, the new terminology of subclinical Cushing syndrome 

(3). Prospective studies analyzing the imaging features of patients with suspected ASC 

compared to non-secreting patients would be of interest to further investigate the potential 

predictive value of imaging modalities in these hormonal problematic cases.  

In conclusion, our study provides a singular analysis of imaging features in well-

characterized adrenal lesions both at the secretory and the anatomopathological levels. 

Based on its 100% sensitivity, the 10 HU unenhanced CT attenuation valuation threshold 

confirms its reproducibility in a screening process of malignant adrenal tumours. However, 

as reported elsewhere (9), we find that most benign cortisol-secreting ACA had an 
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unenhanced CT attenuation threshold above 10 HU. In this setting, a well-executed relative 

wash out analysis can properly classified these adrenal mass as benign without the need for 

further investigations. Among the latter, we observe that 
18

F-FDG/PET is an effective 

nuclear medicine exam to distinguish benign from malignant adrenal tumours. However, 

endocrinologists should take in consideration that, similar to what we find in CT scan 

results, the existence of a cortisol secretion in ACA can be associated with a slight increase 

of the 
18

F-FDG uptake and therefore leads to an overestimation of the malignant potency of 

an adrenal lesion. For this reason, we think that an adrenal to liver max SUV ratio cut-off  

≥ 2 in cortisol-secreting adrenal masses, is more discriminant to differentiate malignant 

from benign lesions.  
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Table  1 

 

Pt. Sex Age 
Weiss 

score 
Diagnosis 

Hormonal 

Status 

Cortisol  

Parameters 

CT 

scan 

18F-FDG 

PET 

      Circadian 

cortisol 

(0 = normal 
1 = abolished) 

24h-UFC 

(µg) 

1mg-DST 
8am  

cortisol 

(g/L) 

Max. 

size 

(mm
) 

Unenhanced 
density 

(HU) 

Relative  

WO (%) 

Adrenal 

maxSUV/ 

Liver 
max SUV 

             

1 F 51 0 Incidentaloma N 0 69 6.5 22 26 NR NR 

2 M 55 0 Other tumor N 0 33 17 17 11 16 0.97 

3 M 58 0 Incidentaloma N 0 23 16.9 44 33 0 0.9 

4 M 66 0 Incidentaloma N NR NR NR 45 -10 NR NR 

5 F 55 0 Incidentaloma N 0 N NR 35 20 < 50 NR 

6 M 51 0 Incidentaloma N 0 40 15 35 1 NR 1.12 

7 M 65 0 Incidentaloma ASC* 0 46 27.9 45 4 60 0.6 

8 F 68 0 Incidentaloma ASC* 0 29,3 61 45 16 NR 0.8 

9 F 69 0 Incidentaloma N 0 46 10 33 33 0 0.97 

10 M 55 0 Hormonal N 0 40 71 45 31 0 0.67 

11 F 50 0 Incidentaloma N 0 65 10.3 31 44 NR NR 

12 F 54 0 Incidentaloma N 0 36 16.7 34 -13 70 0.73 

13 M 56 0 Other tumor N 0 138 16.5 31 49 NR 0.82 

14 M 56 0 Incidentaloma N 0 289 NR 45 31 NR NR 

15 M 48 0 Incidentaloma ASC* 0 134 19.1 45 4 79 NR 

16 M 69 0 Hormonal ASC* 0 162 22 47 NR NR NR 

17 F 70 0 Hormonal ASC 1 549 260 36 15 61 1 

18 F 66 0 Incidentaloma ASC 1 24 35 55 24 0 0.75 

19 F 54 0 Incidentaloma ASC 1 NR 121 30 8 NR NR 

20 M 42 0 Incidentaloma ASC* 0 264 19 40 -17 NR NR 

21 F 38 0 Hormonal ASC 1 716 NR 32 20 79 1.71 

22 M 55 0 Incidentaloma ASC 1 1430 70 50 NR NR 1.02 

23 M 26 1 Hormonal ASC 1 1534 NR 33 44 45 NR 

24 F 26 1 Hormonal ASC 1 1838 346 40 18 67 NR 

25 F 66 1 Incidentaloma ASC 1 13 33.9 40 30 NR 1.08 

26 M 58 1 Incidentaloma N 0 44 16 30 31 NR NR 

27 M 55 1 Other tumor ASC* 0 NR 54 17 -6 NR NR 

28 F 47 1 Incidentaloma ASC 1 N 57 53 -11 NR 1.16 

29 F 78 1 Incidentaloma N 0 70 14.1 57 45 NR NR 

30 M 34 1 Incidentaloma N 0 366 11 53 NR NR NR 

31 M 46 1 Incidentaloma N 0 25 13.2 46 25 0 0.73 

32 F 58 1 Hormonal ASC 1 53 172.3 40 22 68 NR 

33 F 41 1 Hormonal ASC 1 432 273 33 12 66 NR 

34 F 53 1 Hormonal ASC 1 450 187 39 23 53 0.925 

35 F 67 1 Incidentaloma ASC 1 538 135 41 NR NR 0.82 

36 F 58 1 Other tumor ASC  1 58 113.2 42 -2 NR 0.86 

37 F 62 1 Incidentaloma ASC 1 64 81 24 25 54 0.76 

38 F 68 1 Incidentaloma ASC 1 129 159 23 23 60 1.05 

39 F 35 1 Incidentaloma ASC 1 142 222 33 29 36 NR 

40 M 58 2 Incidentaloma ASC 1 185 178.8 30 22 NR 0.8 

41 F 58 2 Other tumor ASC 1 77 507 24 19 58 0.9 

42 F 35 2 Incidentaloma ASC 1 78 431 45 23 25 1.91 

43 M 64 2 Incidentaloma ASC 1 185 180 20 22 NR NR 

44 F 49 2 Hormonal ASC 1 72 168.6 38 21 40 1.74 

45 F 71 2 Incidentaloma ASC 1 90 153 22 25 42 0.35 

46 M 38 2 Incidentaloma N 0 39 17.1 61 15 10 1 

47 M 61 2 Incidentaloma N 0 59 13 50 21 0 0.72 

48 F 40 2 Hormonal ASC 1 598,5 188 25 11 NR NR 
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49 M 39 2 Hormonal ASC 1 619 NR 32 NR NR 1.05 

50 F 41 2 Incidentaloma ASC 1 40,2 580 40 22 NR NR 

51 F 55 2 Incidentaloma ASC 1 41 86 31 21 NR NR 

52 M 61 2 Hormonal N 0 51 17 27 27 56 1.01 

53 F 42 3 Incidentaloma N 0 17 NR 120 30 24 6.38 

54 F 61 3 Hormonal N 0 68 13 41 40 22 2.16 

55 F 57 4 Hormonal ASC* 0 23 23.72 57 39 34 2.34 

56 F 48 5 Incidentaloma N 0 64 NR 170 NR NR 11.8 
57 M 48 5 Hormonal N 0 64 NR 180 NR NR 10 

58 F 44 5 Hormonal N 0 50 NR 127 37 17 3 

59 M 53 5 Hormonal N 0 56 9.4 100 32 4 6.46 

60 M 66 5 Incidentaloma N NR 20 NR 150 43 27 NR 

61 F 25 5 Incidentaloma ASC* 0 121 31 70 34 27 2.33 

62 M 58 5 Incidentaloma ASC 1 86 66 170 36 NR 2 

63 F 28 5 Hormonal ASC 1 550 NR 84 37 0 NR 

64 M 53 5 Incidentaloma NR NR NR NR 72 40 4,3 1.92 

65 F 39 5 Hormonal ASC 1 5785 44 90 31 0 2.18 

66 F 25 6 Hormonal ASC 1 989 173 86 34 NR 4.4 

67 M 43 6 Incidentaloma NR NR NR NR 156 29 NR NR 

68 M 50 6 Hormonal ASC 1 403 254.7 111 36 31 2.44 

69 F 70 7 Incidentaloma ASC 1 71 115 85 36 19 2.15 

70 M 58 7 Hormonal ASC 1 299 187 170 36 0 2.62 

71 F 74 8 Hormonal ASC 1 72 172 73 37 NR 4.03 

72 F 51 8 Incidentaloma ASC 0 37 88 120 30 NR 4.02 

73 F 55 8 Hormonal ASC 1 1059 223 76 39 NR 2.11 

74 F 67 8 Hormonal ASC 1 281 354 80 32 NR NR 

75 F 35 8 Hormonal ASC 1 NR 221 190 36 NR 2.43 

76 F 66 8 Hormonal NR NR NR NR 140 34 NR NR 
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 Figure 1 
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Figure 2 
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Figure 3 
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Legends 

Table 1. Clinical and imaging characteristics of the 76 patients with operated adrenal 

lesions.  

ASC : autonomous secretion of cortisol; ASC* : possible autonomous secretion of 

cortisol ; N : non-secreting lesion; NR : data not available 

 

Figure 1. Computed Tomography (CT) characteristics of adrenal lesions. A] Mean 

maximal diameter size between adrenal cortical adenomas (ACA, Weiss ≤ 2) and adrenal 

cortical carcinomas (ACC, Weiss ≥ 3). All ACA (n = 51) had a maximal diameter ≤ 60 

mm.
 ****

 p < 0.0001. B] Correlation status between maximal diameter size of the ACC (n = 

23) and their respective histopathological score according to the Weiss classification. C] 

Relative wash out (relative WO) analysis of 24 ACA with unenhanced attenuation value > 

10 HU. 14/15 ACA with relative WO ≥ 40% were cortisol-secreting lesions.  D] Relative 

WO analysis < 40% in  all the 11 ACC analyzed.  

 

Figure 2. 
18

F-FDG-PET data of adrenal lesions. A] Adrenal to liver maximal 

standardized uptake value (maxSUV) ratio between adrenal cortical adenomas (ACA, 

Weiss ≤ 2, n = 32) and adrenal cortical carcinomas (ACC, Weiss ≥ 3, n = 19). 
****

 p < 

0.0001. B] Positive correlation between Adrenal to liver maximal maxSUV ratio and the 

Weiss score of adrenal lesions. ACC  are grouped in the grey square delimited by a Weiss 

score ≥ 3 and an adrenal to liver maxSUV ratio ≥ 2. C] Correlation status between the 

adrenal to liver maxSUV ratio of ACC (n = 23) and their respective histopathological score 

according to the Weiss classification. D] Adrenal to liver maxSUV ratio between cortisol-

secreting (n = 15) and non-secreting (n = 12) ACA.
 * 

p  < 0.05 
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Figure 3. Computed Tomography and 
18

F-FDG-PET features in a 38-years old 

patient with right cortisol-secreting ACA. A] Non contrast CT scan showing an 

homogenous 32mm-sized adrenal lesion (arrow) with an unenhanced attenuation value of 

20 HU. B] CT scan during portal venous phase. The early density of the adrenal lesion 

(arrow) is 96HU. C] CT scan of the adrenal lesion (arrow) 15 min after contrast medium 

injection. The late density is 45HU and the corresponding relative wash out of 79%. D] 

18
F-FDG-PET with an adrenal lesion maxSUV of 4.1 (arrow) while the liver maxSUV is 

2.5, leading to an adrenal to liver maxSUV ratio of 1.71 

 

 

 

 

 

 



 

 

 



RESUME DE LA THESE 

 

Objectif : Les lésions surrénaliennes sont un motif de consultation de plus en plus fréquent. Les 

critères radiologiques et les pet scanners au 18 F FDG sont utilisés classiquement pour différencier les 

corticosurrénalomes des adénomes, avec cependant peu de corrélation entre les résultats, le statut 

sécrétoire et le score de Weiss. Nous avons donc compare les données histologiques, radiologiques et 

sécrétoires. 

Patients et Méthodes : Dans un hôpital universitaire, nous avons collecté de manière rétrospective les 

données radiologiques, le statut hormonal et les données histologiques de 76 patients opérés d’une 

lésion surrénalienne entre 2004 et 2016. Le score de Weiss représentait le gold standard et déterminait 

la malignité de lé lésion s’il était ≥ 2. 

Résultats : 24 corticosurrénalomes et 52 adénomes ont été inclus, avec 39 patients présentant une 

hypersécrétion de corticoïdes. Les corticosurrénalomes avaient un diamètre maximal supérieur à celui 

des adénomes (108.6 mm vs 37 mm, p < 0.0001). Le seuil de bénignité pour la densité spontanée de 

10 UH ne s’appliquait pas chez 87.5% des adénomes cortisoliques ; cependant, la mesure du wash out 

permettait une reclassification correcte. La captation du 18 FDG était significativement plus 

importante dans les corticosurrénalome que dans les adénomes avec un ratio SUVmax surrénales/foie 

≥ 2, fortement en faveur de la malignité. Dans les adénomes cortisoliques, une captation plus intense 

du 18 FDG était constatée par rapport aux lésions non fonctionnelles (p<0.02). 

Conclusion : La sécrétion de cortisol par un adénome surrénalien peut conduire à considérer 

abusivement une lésion comme maligne. La mesure du wash out et un ratio approprié sont nécessaires 

pour mieux caractériser ce sous-groupe de patients. 

 

TITRE EN ANGLAIS Cortisol secretion is a pitfall in imaging characteristics of benign 

adrenocortical adenomas : a clinicopathological study 

Retrospective study in 76 adrenocortical tumours operated in a tertiary care hospital. 
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