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Avant-propos 

 
Avec 480 000 nouveaux cas par an dans le monde et 4 300 en France, le cancer de 

l’œsophage n’est pas une maladie excessivement fréquente. Il est ainsi moins fréquent que le 

cancer du poumon, de la prostate ou encore du colon ou de l’estomac. Il n’en reste pas moins 

une maladie particulièrement meurtrière, avec en France plus de 3 000 morts par an, soit 

presque autant que le nombre de tués chaque année sur les routes. Ainsi le cancer de 

l’œsophage est un cancer de mauvais pronostic au même titre que les cancers du poumon ou 

de la plèvre, du foie, du pancréas, et du système nerveux central, et dont la survie à 5 ans 

n’excède pas 20 %. Il touche plus souvent l’homme que la femme avec un sex-ratio de 2,75. 

La principale plainte fonctionnelle incitant le patient à consulter est la dysphagie, et le cancer 

de l’œsophage est en général diagnostiqué tardivement, à un stade avancé chez des patients 

souvent déjà dénutris, c’est à dire avec une perte de poids supérieure à 10% du poids habituel 

sur les 6 derniers mois. Le diagnostic est fait sur les biopsies obtenues en fibroscopie 

œsogastroduodénale. Le carcinome épidermoïde reste le type histologique prédominant dans 

le monde et représente en France plus des trois quarts des types histologiques. Le principal 

facteur étiologique est l’intoxication alcoolo-tabagique. Cette intoxication est par ailleurs 

responsable chez ces patients de pathologies cardiaques, vasculaires ou respiratoires associées 

mais aussi de cancers associés, notamment ORL et pulmonaires. Ces comorbidités influent 

sur les possibilités thérapeutiques mais également directement sur le pronostic de ces patients. 

Ces derniers présentent un fort risque opératoire et sont, pour la plus part, inopérables 

d’emblée. Toutefois, en l’absence de métastase à distance, ils sont éligibles à un traitement de 

radio-chimiothérapie. L’absence de bénéfice sur la survie d’une chirurgie après une réponse 

complète à la radio-chimiothérapie a permis à la radio-chimiothérapie exclusive de s’imposer 

comme le traitement de référence pour les patients présentant une tumeur localement 

avancée1, 2. La prise en charge de ces patients au CHU de Rouen consiste en une radio-

chimiothérapie exclusive selon le protocole d’Herskovic ; la chirurgie n’intervenant plus 

qu’en situation de rattrapage en cas d’absence de réponse complète à la radio-chimiothérapie. 

                                                
1 Bedenne L, Michel P, Bouche O, Triboulet JP, Conroy T, Pezet D, et al. Randomized phase III trial in locally advanced 
esophageal cancer: radiochemotherapy followed by surgery versus radiochemotherapy alone (FFCD 9102). J Clin Oncol 
2007; 25:1160-8 
 
2 Stahl M, Stuschke M, Lehmann N, Meyer HJ, Walz MK, Seeber S, et al. Chemoradiation With and Without Surgery in 
Patients With Locally Advanced Squamous Cell Carcinoma of the Esophagus. J Clin Oncol 2005; 23: 2310-7. 
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La TEP FDG (tomographie d’émission de positon au fluorodésoxyglucose) fait partie 

des examens recommandés dans le bilan d’extension du cancer de l’œsophage au côté du 

scanner et de l’écho-endoscopie. L’autorisation de mise sur le marché (AMM) du FDG 

spécifie son indication dans la stadification du cancer de l’œsophage. Le guide de bon usage 

des examens d’imagerie médicale, rédigé conjointement par la société française de radiologie 

et la société française de médecine nucléaire et d’imagerie moléculaire, fait état au 1er janvier 

2013 d’un examen indiqué dans le diagnostic et le bilan d’extension du cancer de l’œsophage 

avec un grade de recommandation B. La TEP FDG est reconnu comme étant l’examen le plus 

sensible pour la détection d’une atteinte ganglionnaire ou métastatique à distance. L’examen 

TEP initial permet également de mieux définir le volume cible pour la radiothérapie en 

assurant une bien meilleure visualisation de l’extension en hauteur de la tumeur. La TEP FDG 

ne fait pas l’objet de recommandation précise pour l’évaluation de l’efficacité du traitement, 

mais elle est largement utilisée dans cette indication. L’absence de réponse complète en TEP 

après la radio-chimiothérapie est un facteur de mauvais pronostic clairement établi à ce jour. 

Toutefois, Les méta-analyses de Kwee3 et de Omloo4 n’ont pas retrouvé d’intérêt pronostique 

aux paramètres quantitatifs de la TEP initiale, ni à la variation des ces paramètres que ce soit 

au cours du traitement ou à distance de la fin du traitement. 

Une étude prospective multicentrique à l’initiative du service de médecine nucléaire du 

Centre Henri Becquerel et du CHU de Rouen5, portant sur la recherche de facteurs prédictifs 

précoces de la réponse à la radio-chimiothérapie dans le cancer de l’œsophage par la 

réalisation d’une TEP précoce à 21 jours du début du traitement par radio-chimiothérapie, n’a 

pas démontré d’intérêt pronostic à la variation des paramètres quantitatifs entre la TEP initiale 

et précoce mais a retrouvé que le volume métabolique initial était prédictif de la réponse au 

traitement. Un nombre réduit d’étude évaluant la valeur pronostic du volume métabolique 

initial ont été réalisées jusqu’alors. Les résultats de ces études ont été synthétisés dans le 

tableau suivant.  

 

                                                
3 Kwee RM. Prediction of Tumor Response to Neoadjuvant Therapy in Patients with Esophageal Cancer with Methods : 

Results : Conclusion : Radiology. 2010;254:707–17. 

 
4 Omloo JMT, van Heijl M, Hoekstra OS, van Berge Henegouwen MI, van Lanschot JJB, Sloof GW. FDG-PET parameters 
as prognostic factor in esophageal cancer patients: a review. Ann. Surg. Oncol. 2011;18:3338–52. 
 
5 Palie O, Michel P, Ménard J-F, Rousseau C, Rio E, Bridji B, et al. The predictive value of treatment response using FDG 
PET performed on day 21 of chemoradiotherapy in patients with oesophageal squamous cell carcinoma. A prospective, 
multicentre study (RTEP3). Eur. J. Nucl. Med. Mol. Imaging. 2013;40:1345–55. 
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Auteurs      
revue année  

Pays 
(inclusion) 

Type d'étude 
n      

ADK/CE 
méthode de définition 

du volume 
résultat Test statistique 

       
Mamede et al.             
AJCO 2007 

Etats-Unis rétrospectif 
monocentrique 

25         
22/3 

semi automatique                         
seuil = SUVmax-(SUVmean 
foie sain + 2DS) 

prédictif du stade T ROC                        
(Se 76,9%) 

Zhu et al.                           
BJR 2012 

Chine  
(2003-09) 

rétrospectif 41     
0/41 

automatique                                    
seuil à 2,5 

corrélé au stade N Spearman           
p<0,001 

Blom et al.                     
EJNM 2012 

Pays-Bas 
(2008-11) 

rétrospectif 
monocentrique 

79      
53/18 

automatique                                   
basée sur le rapport 
signal/bruit de fond 

prédictif de la réponse à 
la radio-chimiothérapie 

Mann-Whitney 
Kruskal Wallis         

(NS) 

Hatt et al.                       
EJNM 2011 

France 
(2004-08) 

rétrospectif 
monocentrique 

50       
14/36 

automatique                                    
FLAB  

prédictif de la réponse à 
la radio-chimiothérapie  

ROC                
(Se>75%) 

Palie et al.                      
EJNM 2013 

France prospectif 
multicentrique 

48         
0/48 

manuelle prédictif de la réponse à 
la radio-chimiothérapie 

Cox                 
p=0,041 

Hyun et al.                        
ASO 2010 

Corée  
(2000-02) 

rétrospectif 
monocentrique 

151    
5/146 

automatique                                        
3 seuils fixe fonction du 
SUVmax 

facteur pronostic de 
survie globale  

Cox                
p=0,021 

Créhange et 
al. AJCO 2006 

France 
(1993-01) 

rétrospectif 
monocentrique 

148             
19/125 

Manuelle  (volume TDM)         
formule intégrant 3 
diamètres et la hauteur 

facteur pronostic de 
survie globale  

Cox                
p=0,041 

Hatt et al.                        
EJNM 2011 

France rétrospectif 
monocentrique 

45        
12/33 

automatique                                  
FLAB  

facteur pronostic de 
survie globale  

Cox              
p=0,0017 

       n : nombre de patients inclus ; ADK : adénocarcinome ; CE : cancer épidermoïde ; DS : déviation standard ; ROC : receiver 
operating caracteristic ; Se : sensibilité ; NS : non significatif ; FLAB : Fuzzy Locally Adaptive Bayesian 

 

La majorité de ces études ne compte qu’un faible nombre de patients. L’étude de Créhange et 

al.6 qui compte 125 patients atteints de cancer épidermoïdes de l’œsophage a étudié la valeur 

pronostic du volume défini sur la TDM et non sur la TEP. L’étude de Hyun et al.7 a été 

réalisée en Corée où l’épidémiologie de la maladie est particulière avec notamment une 

incidence élevée de la maladie et une prédominance encore plus marqué du type histologique 

épidermoïde8 et ces résultats doivent être confirmés en Europe. 

 

                                                
6 Créhange G, Bosset M, Lorchel F, Fabrice L, Buffet-Miny J, Dumas JL, et al. Tumor volume as outcome determinant in 
patients treated with chemoradiation for locally advanced esophageal cancer. Am. J. Clin. Oncol. 2006;29:583–7. 

 
7 Hyun SH, Choi JY, Shim YM, Kim K, Lee SJ, Cho YS, et al. Prognostic value of metabolic tumor volume measured by 
18F-fluorodeoxyglucose positron emission tomography in patients with esophageal carcinoma. Ann. Surg. Oncol. 
2010;17:115–22. 

 
8 Bashash M, Hislop TG, Shah AM, Le N, Brooks-Wilson A, Bajdik CD. The prognostic effect of ethnicity for gastric and 
esophageal cancer: the population-based experience in British Columbia, Canada. BMC Cancer. 2011;11:164. 
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La TEP est disponible à Rouen depuis la fin de l’année 2004. L’ensemble des patients 

présentant un cancer épidermoïde de l’œsophage localement avancé pris en charge au CHU 

de Rouen a été adressé pour un examen TEP initial dans le cadre du bilan d’extension dès la 

mise à disposition de cette technique dans la région. Tous les examens ont été réalisés sur le 

même appareil, au centre Henri Becquerel. Le service de médecine nucléaire du centre Henri 

Becquerel est resté l’unique service de la région à disposer de la TEP jusqu’en 2011, 

garantissant une série consécutive de patients et une homogénéité des examens réalisés. La 

plupart de ces patients ont également fait l’objet d’un suivi en TEP pour l’évaluation de la 

réponse et lors de la suspicion d’une récidive.  

 

Fort des résultats de l’étude RTEP3 et d’une base de données conséquente et de 

qualité, nous avons voulu préciser l’intérêt pronostique du volume métabolique initial dans 

une population spécifique de patients porteurs de cancer épidermoïde de l’œsophage 

localement avancé, et dépasser le critère pronostique intermédiaire qu’est la réponse au 

traitement pour atteindre des critères finalistes dont la signification clinique est plus forte 

comme la survie sans maladie ou la survie globale. 
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L’article original présenté ci-après est soumis pour publication à l’European Journal of 

Nuclear Medicine and Molecular Imaging (Impact Factor 2012 : 5,114). 

 

Ce travail fera également l’objet d’une présentation affichée au 52ème colloque de Médecine 

Nucléaire de langue française qui se tiendra à Saint-Étienne du 16 au 19 mai 2014. 

 

Le résumé de ce travail a par ailleurs été soumis au congrès annuel de la Society of Nuclear 

Medicine and Molecular Imaging qui se tiendra du 7 au 11 juin 2014 à Saint Louis, Missouri, 

ainsi qu’aux 7èmes journées scientifiques du Cancéropôle nord-ouest qui se tiendront à 

Deauville du 14 au 16 mai 2014. 
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Abstract 

 

Purpose 

It has been suggested that FDG PET has predictive value for the prognosis of treated 

oesophageal carcinoma. However, the studies reported in the literature have shown discordant 

results. The aim of this study was to determine whether pre-therapy quantitative metabolic 

parameters correlate with patient outcomes.  

Methods 

Sixty-seven patients with a histological diagnosis of oesophageal squamous cell carcinoma 

were included in this study. Each patient underwent FDG PET (4.5 MBq/kg) before chemo 

radiotherapy, following Herskovic’s protocol. The quantitative analysis was performed using 

the following parameters: age, weight loss, location, N stage, WHO performance status, 

MTVp and MTVp’ (metabolic tumour volume determined by two different physicians), 

MTV40% (volume for a threshold of 40% of SUVmax), MTVa (volume automatically 

determined with a contrast-based adaptive threshold method), SUVmax, SUVmean and TLG. 

Results  

The MTVp and MTV40% were highly correlated (Pearson’s index 0.92). The SUVmeanp and 

SUVmean40% were also correlated (Pearson’s index 0.86). The TLGp and TLG40% were 

correlated (Pearson’s index 0.98) as well. Similarly, the parameters obtained with the adaptive 

threshold method (MTVa, SUVmeana and TLGa) correlated with those obtained manually 

(MTVp, SUVmeanp and TLGp). The manual metabolic tumour volume determination (MTVp 

and MTVp’) was reproducible. The multivariate analysis for disease-free survival (DFS) 

showed that a larger MTVp was associated with a shortened DFS (p=0.004) and that a high 

SUVmax was associated with an increased DFS (p=0.02). The multivariate analysis for 

overall survival (OS) showed that a larger MTVp was associated with a shortened OS 

(p=0.01) and that a tumour that had developed in the distal oesophagus was associated with 

an increased OS (p=0.005). The other parameters were not statistically significant. 

Conclusion  

Metabolic tumour volume is a major prognostic factor for DFS and OS in patients with 

oesophageal squamous cell carcinoma. High SUVmax values are paradoxically associated 

with a longer survival. The location of the tumour also appears to affect the prognosis. 
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Introduction 

 

Oesophageal carcinoma affects more than 450,000 people worldwide, with a predominant 

histologic type of squamous cell carcinoma [1]. The prognosis remains poor, with an 

estimated five-year survival barely higher than 15% [2]. In 2010, 4,240 new cases of 

oesophageal carcinoma and 3,470 deaths related to oesophageal carcinomas were registered in 

France [3]. In the majority of cases, patients present with a locally advanced oesophageal 

carcinoma which is defined as a tumour with oesophageal tissue involvement, or contiguous 

structure invasion or lymph node involvement [4]. In these patients, definitive chemo 

radiotherapy has become a first-line therapeutic option [5]. Considering the potentially severe 

side effects of the treatment modalities, accurate staging is essential to determine the relevant 

strategy for each patient. A method that can reliably predict treated patients’ survival would 

be recommended to appropriately select the patients who will benefit from the treatment and 

thus avoid unnecessary treatment.  

Fluoro-2-deoxy-glucose positron emission tomography (FDG PET) is already well 

established for the staging of oesophageal cancer, with a reasonable sensitivity and specificity 

in the detection of distant metastases [6]. It has a higher diagnostic performance than CT [7]. 

FDG PET alters the management of patients because it allows more accurate staging [8], but 

it remains unable to predict treated patients outcomes. Indeed, the comparison between the 

initial PET and the post-treatment PET has shown either non-significant results [8] or 

discordant results and did not appear to have any therapeutic consequences [9–11]. In 

addition, the appropriate timing of the evaluation of the treatment response (three to four 

weeks after the last cycle of chemotherapy and at least two months after radiotherapy) is still 

debated [12]. Post-treatment evaluation has thus been considered of low predictive potential, 

which has increased the interest in per treatment evaluation. A meta-analysis studying the 

modification of the PET parameters between the initial PET and a PET performed after the 

beginning of the treatment failed to show significant results [13]. More specifically, early 

evaluation during treatment yielded discordant results [14,15]. Similarly, the per treatment 

evaluation has not shown its predictive potential yet. Therefore, we concluded that it would be 

beneficial to the patient and more cost-effective to be able to predict therapy response and 

survival from a single baseline PET acquired before the initiation of the treatment. Recently, 

an increasing number of studies have focused on evaluating only the initial PET parameters 

and concentrating on the volume parameters or the combined volume and SUV parameters 
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rather than on SUV parameters alone, as has been the case for many years [10,16–20]. 

Nevertheless, these studies were based on small series of patients or heterogeneous 

populations in term of histological types (including both adenocarcinomas and squamous cell 

carcinomas) and treatment modalities (exclusive surgery, adjuvant therapy, neoadjuvant 

therapy, exclusive chemo radiotherapy, exclusive chemotherapy) and used surrogate 

endpoints, such as treatment response, rather than survival. 

The aim of our study was to determine whether the quantitative metabolic parameters of the 

initial PET, such as the metabolic tumour volume (MTV), could be predictive of the outcomes 

in patients with oesophageal squamous cell carcinoma treated with chemo radiotherapy. 
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Materials and methods 

 

Study design 

This study was a single-arm, retrospective, single-institution clinical trial. We included all 

patients with oesophageal squamous cell carcinoma who were eligible for exclusive chemo 

radiotherapy (CRT) and in whom a diagnostic PET CT had been performed. Patients with 

distant visceral metastases were excluded. The flow chart is shown in the figure below.  

 
Figure 1 Flow-chart 

 
 
 
 

 

 

 

 

 

 

 

 

 

From September 2005 to March 2012, 77 patients with an advanced stage oesophageal 

squamous cell carcinoma who were eligible for exclusive chemo radiotherapy were newly 

diagnosed in our centre. Four of the 77 patients with a squamous cell carcinoma did not have 

an initial PET and in six patients, the PET confirmed or revealed distant metastases. Sixty-

seven consecutive patients were thus included in the study.  

The PET must be performed prior to any treatment. The squamous cell carcinoma was 

pathologically proven with a biopsy obtained during the diagnostic oesophagoscopy. The 

initial tumour staging and location were based on an oesophagoscopy, with biopsies, 

endoscopic ultrasonography, chest and abdominal CT and FDG PET. Staging was performed 

Newly diagnosed oesophageal squamous 
cell carcinoma eligible for CRT 

from September 2005 to February 2012 
n = 77 

Initial PET 
n = 73 

No initial PET 
n = 4 

Distant metastases 
n = 6 

Analysed patients 
n = 67 
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according to the 6th edition (2002) of the TNM classification of the American Joint 

Committee on Cancer (AJCC) and the Union for International Cancer Control (UICC). The 

following data were recorded for each patient: age, sex, World Health Organization 

performance status (WHO), weight loss from baseline, dysphagia grade and tumour location. 

Dysphagia was assessed using the Dysphagia Grading System:  

 

 

Grade 0: able to swallow all solid foods without difficulty,  

Grade1: able to swallow solid foods with some difficulty,  

Grade 2: able to swallow soft or semi-solid foods only,  

Grade 3: able to swallow liquefied foods and liquids only,  

Grade 4: unable to swallow liquids/saliva.  

 

The demographic and clinical characteristics of the patients are listed in the Table below.  

 

Table 1 Demographic and clinical 
characteristics of the 67 patients 
 
  
Demographic  

Age, years  
median (range) 63 (46 - 86) 

Sex  
Male 53 (79%) 

Female 14 (21%) 
  
Clinical  

WHO  

0 33 (49%) 

1 29 (43%) 

2 5 (8%) 

Weight loss  

<10% 44 (66%) 

≥10% 23 (34%) 

Dysphagia  
0 4 (6%) 

1 29 (43%) 

2 26 (39%) 

3 7 (10%) 

4 1 (2%) 
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All of the patients were treated with chemo radiotherapy according to the Herskovic’s scheme 

[21]. This included external radiotherapy delivered by a two/three-field technique at 2 Gy per 

fraction per day and five sessions per week for a total of 50 Gy over five weeks. Intensity-

Modulated Radio Therapy (IMRT) was not used. All of the doses were calculated without 

heterogeneity correction. The Gross Tumour Volume (GTV) was determined using the 

metabolic tumour volume delineated by the nuclear physician on the initial TEP. To account 

for microscopic disease extension, a Clinical Target Volume (CTV) was defined by adding to 

the GTV a 5 cm cranio-caudal margin. The GTV and all clinically suspect lymph nodes were 

to receive 50 Gy. The CTV and non-suspect lymph nodes were to receive 40 Gy. This was 

combined with chemotherapy consisting of two cycles of cisplatin (75 mg/m2) and 5-

fluorouracil (four days of continuous infusion of 1,000 mg/m2) in weeks 1 and 5.  

The response assessment included a clinical examination, CT, FDG PET and oesophagoscopy 

with biopsies. These assessments were performed one month after the end of the treatment. 

The patients were classified as showing a clinical complete response (CR) to chemo 

radiotherapy if no residual tumour was detected on endoscopy (negative biopsies) and if no 

occurrence of loco regional or distant disease was identified either on CT evaluation or FDG 

PET evaluation. The patients were classified as showing a non-complete response (nCR) 

when a residual tumour, loco regional or distant disease was detected or when patient death 

occurred. Electronic patient files were available for gathering the clinical data of patients 

retrospectively and for long-term follow-up. Twelve patients in our study were operated on: 

six for a non-complete response, five for a recurrence (four recurrences in the first year 

following treatment evaluation) and one who underwent surgery although he had achieved a 

complete response. The initial characteristics, DFS and OS of these 12 operated patients were 

not significantly different from the characteristics of our entire cohort. The tumour 

characteristics, outcomes and follow-up are summarised in the following table. 
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Table 2 Tumour characteristics, outcome 
and follow-up 
 
  
Tumour location  

Upper third 16 (24%) 
Middle third 32 (48%) 
Lower third 19 (28%) 

  
T stage  

Tx 4 (6%) 
T2 8 (12%) 
T3 51 (76%) 
T4 4 (6%) 

N stage  
N0 17 (25%) 
N1 50 (75%) 

M stage  
M0 59 (88%) 
M1a 8 (12%) 

  
AJCC stage  

x 4 (6%) 
IIA 16 (24%) 
IIB 4 (6%) 
III 35 (52%) 
IVA 8 (12%) 

  
Complete response 50 (75%) 

Relapse 26 (39%) 
Non-complete response 17 (25%) 

  
Death 43 (64%) 

related to OC 32 (48%) 
  
1 year survival 51 (76%) 
  
follow-up, month  

median (range) 47 (15 - 81) 
 

 

18F-FDG PET acquisitions 

The patients were asked to fast for at least 6 h before the PET examination. The patients’ 

blood glucose levels were measured. A dose of 4.5 MBq per kilogram of 18F-FDG was 

injected intravenously 60 min prior to PET CT scanning. The imaging was performed with 

the Biograph 16 integrated PET CT scanner (Biograph Sensation 16; Siemens, Knoxville, TN, 

USA), which includes a 16-slice CT component and a PET system with lutetium 

oxyorthosilicate (LSO) crystals. For the PET imaging, the emission data were acquired from 
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the base of the skull to the proximal thigh with 3 to 3.5 min of acquisition per bed position, 

depending on the patient’s body mass index (BMI), each covering 16.2 cm, at an axial 

sampling thickness of 2 mm per slice. The CT scan parameters were set to 100-120 kVp and 

100-150 mAs (based on the patient’s BMI) using dose reduction software (CareDose, 

Siemens Medical Solutions, Hoffman Estates, Knoxville, TN, USA). Both the PET scans and 

the CT scans were obtained during normal tidal breathing. The PET images were 

reconstructed with CT-derived attenuation correction using an attenuation-weighted ordered-

subset expectation maximisation (AW-OSEM) algorithm. The attenuation-corrected PET 

images, CT images and fused PET-CT images were available for interpretation in the axial, 

coronal and sagittal planes, as was a cine display of the maximum intensity projections of the 

PET data, using the TrueD clinical review software (Siemens MMWP workstation). 

 

PET image analysis 

The volumetric regions of interest (ROI) around the outline of the primary tumour and the 

nodes were placed on the axial PET images. The edges of the ROI were adjusted manually 

with 3D reconstructions to avoid overlap with the adjacent FDG avid structures. A threshold 

was selected by the visual inspection of the lesion’s outline to best fit the tumour and to 

determine the tumour volume (MTVp). This operation was repeated by a second physician on 

26 randomly selected patients in our study (MTVp’) to evaluate the reproducibility. The 

tumour volume was also delineated with a threshold of 40% of the SUVmax (MTV40%). The 

following parameters were collected: SUVmax, SUVmeanp defined as the mean SUV within 

MTVp, SUVmean40% defined as the mean SUV within MTV40%, and the total lesion 

glycolysis: TLGp = SUVmeanp × MTVp and TLG40% = SUVmean40% × MTV40%. We also 

used a contrast-based adaptive threshold method on an Oncoplanet Workstation (Dosisoft, 

Villejuif, France) to determine the MTVa, SUVmeana and TLGa [22]. 

 

Statistics 

The quantitative analysis was performed using the following PET parameters: SUVmax, 

SUVmeanp, SUVmean40%, MTVp, MTVp’, MTV40%, TLGp, TLG40%, MTVa, SUVmeana and 

TLGa. The means and the standard deviations were used for the descriptive statistics. When 

the statistical tests required a normal distribution, we used log-transformed values of the 

variables. The disease-free survival (DFS) time was calculated as the time from the initiation 

of chemo radiotherapy to the date of tumour recurrence, to the death of a patient who never 

had a recurrence or to the time of the treatment response evaluation for patients whose 
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tumours did not respond to the treatment. The Multivariate analysis was performed using The 

Cox regression model.  
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Results 

 

All patients except one had an enhanced tumour uptake of the tracer; thus, a metabolic tumour 

volume was able to be delineated for 66 of the patients. Examples of the delineations are 

shown in the figure below. 

 

Figure 2 

 

 

1. Example of a case in which each segmentation method gave similar results. A: physician 

delineation MTVp=18.4 cm3. B: delineation with a threshold of 40% of the SUVmax 

MTV40%=17 cm3. C: delineation with the adaptive threshold method MTVa=19,2 cm3 

2. Example of a case in which the segmentation with a threshold of 40% of the SUVmax and 

the segmentation with the adaptive threshold method gave larger volumes than the physician 

delineation, clearly overlapping on the liver. A: MTVp=5 cm3. B: MTV40%=31.6 cm3. C: 

MTVa=20.1 cm3 

3. Example of a case in which the volume delineated by the physician was larger than the 

volumes defined either by the 40% of the SUVmax method or the adaptive threshold method. 

A: MTVp=22.2 cm3. B: MTV40%=15.1cm3. C: MTVa=12.7cm3 
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The parameters derived from the initial PET are presented in the table below.  

 
Table 3 Initial PET derived parameters: 
mean±SD 
 
  
Available for 66 patients 

  
MTVp 19.5+20.7 
MTV40% 24±23.9 
MTVa 22.9±24,9 
  

Available for 65 patients 
  
SUVmax 13.5±5.3  

  
SUVmeanp 8.4±3.2 
SUVmean40% 8.2±3.5 
SUVmeana 8.1±3.2 

  
TLGp 191±253 
TLG40% 217±268 
TLGa 207±260 
  

Available for 26 patients 
MTVp’ 25.6±27.5 

 

 

The mean MTVp was 19.5 cm3 with a standard deviation (SD) of 20.7. The threshold for the 

manual delineation varied from 21% to 82% of the SUVmax, with a mean threshold of 47%. 

The mean MTV40% was 24 cm3 (SD 23.9). The SUV quantification was unavailable for one 

patient due to a technical problem, although we were able to delineate the tumour’s volume. 

Consequently, we analysed the SUV parameters (SUVmax, SUVmean and TLG) of 65 of the 

66 patients for whom we had delineated a tumour volume. The mean SUVmax was 13.5 (SD 

5.3). The mean SUVmeanp was 8.4 (SD 3.2) and the mean SUVmean40% was 8.2 (SD 3.5). 

The mean TLGp was 191 (SD 253) and the mean TLG40% was 217 (SD 268). The mean MTVa 

was 22.9 cm3 (SD 24.9) and the mean TLGa was 207 (SD 260). The mean MTVp’ was 25.6 

cm3 (SD 27.5) when the manual segmentation was repeated by a second physician (26 

patients). 

 

The MTVp and the MTV40% were highly correlated, with a Pearson’s index of 0.92. The 

SUVmeanp and the SUVmean40% were also correlated (Pearson’s index 0.86), as well as the 
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TLGp and the TLG40% (Pearson’s index 0.98). The MTVp and the MTVa were correlated 

(Pearson’s index 0.89) as were the SUVmeanp and the SUVmeana (Pearson’s index 0.85) and 

the TLGp and the TLGa (Pearson’s index 0.93). The MTVp and the MTVp’ were highly 

correlated (Pearson’s index 0.95) with a mean difference of 3.33 cm3. Finally, the SUVmax 

and MTVp were moderately correlated (Pearson’s index 0.65). 

 

Regarding disease-free survival, a multivariate analysis including age, weight loss, location, 

N stage, WHO performance status, MTVp and SUVmax showed that a larger volume was 

associated with a shortened DFS (p=0.004) and that a high SUVmax was associated with an 

increased DFS (p=0.02). The other variables were not significantly related to outcome. As for 

overall survival, a multivariate analysis including age, weight loss, location, WHO 

performance status, MTVp and SUVmax indicated that a larger volume was associated with a 

shortened overall survival (p=0.01) and that a tumour that developed from the distal 

oesophagus was associated with an increased overall survival (p=0.005). The other variables 

were not statistically significant. These results are reported in the table below. 

 
 
 

Table 4 Multivariate analysis for DFS and OS 
 
 

 variables RR 95% CI p 
     
     

Disease-free survival1     
 MTVp 1.02 1.01 – 1.04 0.004 
 SUVmax 0.93 0.87 – 0.99 0.02 
     
Overall survival2     
 MTVp 1.02 1.004 - 1.04 0.01 
 Lower third 0.26 0.10 - 0.66 0.005 
     
RR: relative risk, 95% CI: 95% confidence interval 

     
1 age, weight loss, location, N stage and WHO performance status were 
not statistically significant 
2 age, weight loss, N stage, WHO performance status and SUVmax were 
not statistically significant 
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The Kaplan-Meier survival curves for DFS and OS are shown in the figure below.  

 

Figure 3 Kaplan-Meier survival curves  
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The patients were divided into two groups using the median MTVp (14 cm3) as a threshold. 

Two years after beginning the treatment, more than 50% of the patients with an MTV below 

the median were still in complete remission, whereas more than 80% of the patients with an 

MTV above the median never had a response to the treatment, had a recurrence or died. More 

than 60% of the patients from the group with an MTV below the median were still alive at 

two years, in contrast with less than 40% of the patients with an MTV above the median. The 

median overall survival was 42 months in patients with an MTV below 14 cm3 and 16 months 

in patients with an MTV above 14 cm3. The median disease-free survival was 25 months in 

patients with an MTV below 14 cm3 and eight months in patients with an MTV above 14 cm3. 
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Discussion 

 

Based on one of the largest series of patients suffering from oesophageal cancer and including 

only those in whom advanced stage squamous cell carcinoma was treated with exclusive 

chemo radiotherapy, our study found that the MTV manually defined on the initial PET was 

an independent prognostic factor of disease-free survival and overall survival. Our study also 

found that a high SUVmax was linked to an increased DFS.  

 

We decided to study the parameters from the initial extension PET because the earlier a 

potential change in the therapeutic scheme is determined, the greater the impact will be. This 

initial evaluation would induce possible changes earlier than a classical treatment evaluation 

would, whether it is performed at the end of the treatment or even during the treatment [9,10]. 

The single initial PET evaluation also enabled us to avoid two issues: oesophagitis, rapidly 

appearing during the treatment and making PET interpretation much more difficult [23], and 

the precise time during or after the treatment when the evaluation should be performed, which 

is still an unresolved issue. Furthermore, the methods for comparing the sequential 

examinations for a given patient have not been clearly established yet. For example, the 

PERCIST criteria are very restrictive in terms of examination reproducibility. One-third of 

patients exceeds the limits of variation in the SULmean in a non-diseased liver to meet the 

inclusion criteria for the therapy response evaluation as required by the PERCIST protocol 

[24], making this method very difficult to use in clinical practice. Finally, the prognostic 

prediction of a single PET is more cost-effective than any sequential evaluation on an extra 

examination.  

 

We did not assess the treatment response on resected oesophageal tumours but rather on the 

biopsies in consideration of the therapeutic scheme our patients typically undergo. The 

evaluation of a resected tumour is generally considered to be the gold standard. However, its 

use would have artificially modified the outcome, as those patients do not usually undergo 

surgery. Indeed, the patients included in our study presented initially with unresectable 

tumours; if the assessment after chemo radiotherapy showed a clinically complete tumour 

response, we could avoid surgery, and if the assessment showed a non-complete response, a 

salvage surgery could be discussed. Thus, very few of our patients with initially unresectable 

tumours actually underwent surgery. The initial characteristics, DFS and OS of the 12 

operated patients were not significantly different from the characteristics of our entire cohort. 
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We favoured simple methods that are reproducible with tools available on any routine review 

station. Our manual delineation takes only a few minutes and does not significantly extend the 

duration of the examination’s interpretation. The manual delineation may be considered to be 

reproducible, as the volumes delineated by the two different physicians were highly correlated 

with a mean difference of 3.33 cm3. Prior to this study, the two physicians together delineated 

10 cases as a training course until a consensus was achieved. These 10 cases were not part of 

the study’s population. 

 

The present study found that metabolic tumour volume (MTVp) is the best predictive factor 

for both disease-free survival and overall survival in a multivariate analysis. This result is 

consistent with previous studies [10]. Regarding treatment response, Blom et al. observed a 

non-significant correlation (n=79) [16], Hatt et al. found that MTV was predictive of 

treatment response with a sensitivity over 75% (n=50) [19], and Palie et al. demonstrated that 

MTV was predictive of treatment response (n=48) [14]. Regarding overall survival, Hyun et 

al. found, in a retrospective monocentric study on a Korean population with epidemiologic 

specificity, that MTV was an independent predictive factor (n=151) [17], Créhange et al. had 

already established that the tumour volume determined on CT-scan images was an 

independent predictive factor (n=148) [25], and Hatt et al. demonstrated the predictive value 

of MTV determined automatically by the FLAB method (n=45) [26]. Our study confirms and 

extends these previous results. 

Our study also found that high SUVmax values are paradoxically associated with a longer 

disease-free survival in a multivariate analysis. Many studies report that the prognostic value 

of the initial SUVmax has not been demonstrated [9,10,12]. Specifically, for Downey et al., 

the initial SUVmax was not a prognostic factor [8]; for Wieder et al. it was not predictive for 

treatment response [15] and for Hatt et al. it was not predictive for overall survival [26]. 

However, at the same time, some studies report that the decrease in the SUVmax on a later 

examination was associated with response, DFS and OS [9,10,27], even though Downey et al. 

and a review of the literature did not confirm this result [8,13]. Additionally, in the previously 

cited study of Levine et al. [27], high SUVmax values on the initial PET were associated with 

a complete histological response and low values were associated with a non-complete 

response, which our results for DFS confirm. 

Finally, our study found in a multivariate analysis that the patients with a tumour that had 

developed from the distal oesophagus had a longer overall survival than the patients with a 
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tumour that had developed from the upper or the middle oesophagus. Studies have shown that 

an inferior location is associated with a better prognosis [28–30], although this result appears 

to be variable depending on ethnicity [31], and that some studies also report conflicting 

results [32]. However, the results reported in the two previously mentioned studies must be 

taken with caution because they grouped the two primary histological types (i.e., 

adenocarcinoma and squamous cell carcinoma) and also merged locations, for example, 

gastric cardia with the lower third of the oesophagus, which may not necessarily have the 

same prognosis. This better prognosis for tumours originating from the distal oesophagus has 

been suspected to be a result of the increased resectability of such tumours. Indeed, in our 

study, seven patients of the 19 with a tumour in the lower third of the oesophagus were 

operated on compared with only five of the 48 patients with tumours in the upper or the 

middle third of the oesophagus. In our study, surgery may have modified the patients’ 

outcomes and led to a possible overestimation of the location’s effect.  

 

The MTV40% did not have a better prognostic value in our multivariate analysis than the 

MTVp. The determination of a tumour’s volume with a threshold of 40% of the SUVmax 

provides in some cases an aberrant volume, whereas the manual delineation actually aims to 

best fit the tumour’s outlines. This explains the important variations in the thresholds chosen 

by the physicians. 

 

Finally, our study was retrospectively conducted because of the low number of patients with 

oesophageal squamous cell carcinomas who are eligible for chemo radiotherapy. The study 

was conducted in a single centre, which may be considered to be a limitation, but it enabled 

us to constitute a series of strictly consecutive patients and to reduce the acquisition and set-

up variability [33]. Our results should be confirmed by similar studies conducted in different 

centres. 

 

In conclusion, our study showed that manually determined metabolic tumour volume is a 

major prognostic factor for DFS and OS in patients with oesophageal squamous cell 

carcinomas. High SUVmax values are paradoxically associated with a longer survival. The 

location also appears to affect with the prognosis. Although our study requires confirmation, 

this conclusion should have an important clinical impact. First, manual delineation of the 

metabolic tumour volume is reliable, reproducible and easily feasible and is highly correlated 

with the prognosis. Second, the SUVmax does not have the prognostic significance usually 
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assigned to it. Volumetric measurements should be preferred to the SUVmax in routine 

clinical practice. 
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Conclusion 

 
Nous avons montré que le volume métabolique initial est un facteur pronostique de survie. 

Ainsi, un volume tumoral important est prédictif d’une faible survie et un volume tumoral 

faible est prédictif d’une survie prolongée. Dans notre série, les patients présentant un volume 

tumoral supérieur à 14 cm3 avaient une médiane de survie sans maladie de 8 mois et une 

médiane de survie globale de 16 mois, alors que les patients présentant un volume tumoral 

inférieur à 14 cm3 avaient une médiane de survie sans maladie de 25 mois et une médiane de 

survie globale de 42 mois. Notre étude a également montré que le SUVmax était un facteur  

pronostique de la survie sans maladie. Mais une valeur élevée de SUVmax était prédictive 

d’une survie sans maladie prolongée et une valeur de SUVmax plus faible était prédictive 

d’une survie sans maladie plus courte. Ces résultats sont concordants avec les données des 

publications récentes et, bien qu’ils méritent d’être confirmés par d’autres études réalisées 

dans différents centres, l’impact sur la pratique courante est fort. En effet, en tant que médecin 

nucléaire, nous cherchons à objectiver nos descriptions en donnant dans nos comptes-rendus 

de TEP les valeurs de SUVmax et ce, à Rouen, depuis bientôt 10 ans. Mais ni le médecin 

nucléaire, ni le gastro-entérologue destinataire du compte-rendu, n’attribuaient jusqu’alors à 

ces valeurs de SUVmax leur véritable signification pronostique. Le volume métabolique est 

un paramètre plus aisé à se représenter pour les cliniciens que le SUVmax et son caractère 

pronostique démontré par notre étude est également plus intuitif. Compte-tenu de la 

reproductibilité de la détermination manuelle du volume et de la corrélation aux méthodes 

automatiques, Il paraît tout à fait envisageable de mentionner le volume métabolique dans les 

comptes-rendus de TEP pour les cancers épidermoïdes de l’œsophage au moment du bilan 

d’extension plutôt que la valeur de SUVmax. 
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Annexes 1 

Localisation tumorale  

(Selon le Thésaurus National de Cancérologie Digestive, Version du 1er mars 2013) 

 

 

 

Œsophage cervical :  

Du bord inférieur du cartilage cricoïde à l’entrée dans le thorax, vers 19 cm des arcades 

dentaires 

 

 

Œsophage thoracique : 

Tiers supérieur : de l’orifice supérieur du thorax à la bifurcation trachéale, à 24 cm des 

arcades dentaires environ 

Tiers moyen : sous la bifurcation trachéale, de 25 à 32 cm des arcades dentaires environ 

Tiers inférieur, incluant l’œsophage abdominal : de 33 à 40 cm des arcades dentaires environ 
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Annexes 2 
 6ème édition (2002) de la classification TNM de l’American Joint Committee on Cancer 

(AJCC) et de l’Union Internationale Contre le Cancer (UICC).  

 

 

! T0 = pas de tumeur primitive 

!  Tis = carcinome in situ 

!  T1 = tumeur envahissant la lamina propria ou la sous-muqueuse 

!  T2 = tumeur envahissant la musculeuse propre 

!  T3 = tumeur envahissant l’adventice 

 

 

! Nx = ganglions non évaluables 

!  N0 = pas de signes d’atteinte des ganglions régionaux 

!  N1 = métastases ganglionnaires lymphatiques régionales 

  - cervicaux pour les cancers cervicaux 

  - péri-œsophagiens médiastinaux et péri-gastriques (sauf cœliaques)  

                    pour les cancers thoraciques 

 

 

! M0 = pas de métastase à distance 

!  M1 = présence de métastase à distance 

  - M1a = ganglions cœliaques ou cervicaux (œsophage thoracique) 

  - M1b = autres sites  

 

 

La classification utilisée pour ce travail est la classification de 2002 (6ème édition UICC) 

Cette classification TNM a fait l’objet d’une actualisation en 2009 conduisant à la rédaction 

de la 7ème édition qui doit dorénavant être utilisée pour la pratique. 

 

 



RÉSUMÉ 

Objectifs : La TEP FDG semble avoir un intérêt pronostic dans le cancer de l’œsophage 

traité. Toutefois les résultats de la littérature sont discordants. Le but de cette étude était de 

déterminer si les paramètres métaboliques quantitatifs pré-thérapeutiques peuvent être 

prédictifs de la survie des patients. 

Matériels et méthodes : soixante-sept patients avec un diagnostic histologique de cancer 

épidermoïde de l’œsophage ont été inclus dans l’étude. Chaque patient a bénéficié d’une TEP 

FDG avant une radio-chimiothérapie selon le protocole d’Herskovic. L’analyse quantitative a 

porté sur les paramètres suivants : âge, perte de poids, localisation, stade N, stade OMS, 

MTVp et MTVp’ (volume métabolique tumoral défini manuellement par deux médecins 

différents), MTV40% (volume pour un seuil à 40% du SUVmax), MTVa (volume déterminé 

automatiquement par méthode de seuillage adaptatif), SUVmax, SUVmean et TLG. 

Résultats : Le MTVp et le MTV40% étaient fortement corrélés (index de Pearson 0,92). Le 

SUVmeanp et SUVmean40% étaient également corrélés (index de Pearson 0,86). Le TLGp et le 

TLG40% étaient corrélés (index de Pearson 0,98). De la même façon les paramètres issus de la 

méthode seuillage adaptatif (MTVa, SUVmeana et TLGa) étaient corrélés aux paramètres issus 

de la délinéation manuelle (MTVp, SUVmeanp et TLGp). La détermination manuelle du 

volume tumoral (MTVp et MTVp’) était reproductible (index de Pearson 0,95). L’analyse 

multi-variée portant sur la survie sans maladie (DFS) retrouvait qu’un MTVp élevé était 

associée à une courte DFS (p=0,004) et qu’un SUVmax élevé était associée à une longue DFS 

(p=0,02). Les autres paramètres n’étaient pas statistiquement significatifs. L’analyse multi-

variée portant sur la survie globale (OS) retrouvait qu’un MTVp élevé était associée à une 

courte OS (p=0,01), et qu’une localisation au tiers inférieur était associée à une longue OS 

(p=0,005). Les autres paramètres n’étaient pas statistiquement significatifs. 

Conclusion : Le volume métabolique tumoral initial est prédictif de la survie sans maladie et 

de la survie globale chez les patients présentant un carcinome épidermoïde œsophagien. Un 

SUVmax élevé est paradoxalement associé à une survie prolongée. La localisation semble 

également intervenir dans le pronostic. 

 

MOTS CLEFS 

TEP FDG - paramètres métaboliques quantitatifs - volume métabolique tumoral - survie - 

Cancer épidermoïde de l’œsophage - radio-chimiothérapie 


