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Target volumes in H&N tumors: what are 

the needs for modern treatments
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IMRT/VMAT in Head and Neck Tumors

Grégoire et al, R&O, 2000
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Clinical Target Volumes (CTV) delineation in the neck

Grégoire et al;, R&O, 2013
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Clinical Target Volumes (CTV) delineation in the neck

Biau, Grégoire et al, R&O, 2019
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Primary Tumour Clinical Target Volumes (CTVp)

Grégoire et al, R&O, 2018

IMRT/VMAT in Head and Neck Tumors
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Where to go from here?

GTV primary tumors
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Automatic AI-based GTV delineation

•153 patients with pharyngo-laryngeal SCC

•60% T1-T2; 75% N+

•CT, coronal MRI-T1, axial MRI-T2, mDixon MRI, FDG-

PET acquired with an immobilization mask

Ren et al, Acta Oncol, 2021
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Automatic AI-

based GTV 

delineation

Ren et al, Acta Oncol, 2021
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Automatic AI-based GTV delineation
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And in the “foreseeable” future…
Augmented reality?
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Endoscopic Contouring

Contour tumor visible in 

endoscopic image

Project onto 3D “Virtual Image”
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Where to go from here?

CTV primary tumors
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Of 88 slides from 10 patients with oral cancers, 44 (50%) had signs of 

microscopic extension. The maximum distance from the border was 7.8 mm. 

Ninety-nine percent of all MD was within 4.75 mm and 95% was within 3.95 

mm of the GTV.

Campbell et al. IJROBP, 2012

From primary tumor GTV to CTV
Geometrical margins
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Registration of CT and 

histology

Pathologic specimen

AI-based target volume delineation

Courtesy of A. Leroy, 2023

From primary tumor GTV to CTV
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Where to go from here?

CTV neck nodes
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Neck irradiation

• How could neck irradiation evolve in the coming years?

• Personalization of the selection of the elective neck 

node levels

• Automatic target volume delineation
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Personalization of the selection of 

the elective neck node levels

Unkelbach, R&O, 2020 
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Personalization of the selection of 

the elective neck node levels

Unkelbach, R&O, 2020 
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Personalization of the selection of 

the elective neck node levels

From population-based to individual probability

Unkelbach, R&O, 2020 
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From population-based to individual probability

Personalization of the selection of 

the elective neck node levels
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Optimization of the selection of 

the elective neck node levels

SLNUS-FNAFDG-PETMRICTN-staging# necksAuthor

-0.870.950.940.92N0 & N+1236
Kyzas,

2008

---

0.93* (0.96 

for DW-

MRI)*

-N0 & N+878

Lian-Ming

Wu, 2012

0.96

(0.94-

0.99)

----N0 & N+766
Thompson,

2013

0.960.900.870.880.87N0
181-

2469

Li-Jen Liao,

2016

*NPV were calculated for a prevalence of 0.2

Meta-analyses of the Negative Predictive Value of different 

imaging modalities for neck staging
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Optimization of the selection of 

the elective neck node levels
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Optimization of the selection of 

the elective neck node levels

• #pts = 50; 2015-2017

• SCC of oral cavity, oropharynx (p16+ and p16-), 

hypopharynx, larynx not crossing the midline

• Any T (except T1 glottic), any N (except N2c and N3)

• Stage I-II (24%) and III-IV (76%)

• VMAT, 70 Gy / 54.25 Gy ± concomitant CH (20%)

•Matched pair cohort of patients with bilateral neck irradiation 
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Optimization of the selection of 

the elective neck node levels

82% 18%
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Optimization of the selection of 

the elective neck node levels

Radiation

Toxicity
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Optimization of the selection of 

the elective neck node levels

Quality of Life (EORTC scale)
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Optimization of the selection of 

the elective neck node levels

Outcome

Endpoint

4.3% (95% CI: 0-10%)2-year incidence of local failure

4.0% (95% CI: 0-9%)2-year incidence of regional failure

8.6% (95% CI: 0-16%)2-year incidence of distant failure

81.6% (95% CI: 71-95%)2-year overall survival

de Veij Mestdagh et al, R&O, 2020 



Gemelli, Oct. 2023

Optimization of the selection of  the elective neck node 

levels
Concept validation

Deutsch, Grégoire, Paragios, 2021 

R 

ARM A - Standard RT 

ARM C - Standard RT 
ATRA

ARM D - Tailored RT

ARM B - Tailored RT 
ATRA

 Adult pts with primary head and neck tumor

up to, but not crossing the midline, previously

untreated with histologically-confirmed

squamous cell carcinoma of

o the oropharynx p16-, larynx or

hypopharynx : T1/N2a-N2b, T2/N0-N2b,

T3/N0-N2b (UICC 8th ed)

o the oropharynx p16+ : T1/N1 (multiple

nodes), T2-T3/N0-N1 (UICC 8th ed)

 Unilateral lymph node drainage i.e. ipsilateral

sentinel node mapping, or non-contralateral

FDG-PET/CT

 Amenable to treatment with RT or

concomitant chemo-radiotherapy

Primary endpoint

Event free survival

Secondary endpoints

 Local relapse Free survival

 Regional relapse free survival

 Metastase free survival

 Overall survival

 Rate of pathologically positive lymph 

nodes at neck node dissection 

performed at 4 months after the 

completion of (chemo)-radiotherapy

Safety according to NCI-CTCAE V5.0

 Patient ’QoL (EORTC QLQ-C30, HN-43)
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Myelo-Derived Suppressor Cells (MDSC)

• Immature myeloid cells

• Immuno-suppressive function

• Inhibition of T-cells and NK-cells

• Stimulate angiogenesis and promote 

metastatic niches

• Enrichment of MDSC correlated with 

worse outcome

Optimization of the selection of  the elective neck node 

levels
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Could AI-based software further improve 

human-based processes?

What can our AI actually do?

Plan preparation

Multi-modal, multi-organ organ 

segmentation through Unique 

combination of Deep and transfer 

learning

Auto-identify organs at risks and 

tumors in patients anatomy in a few 

minutes with medical accuracy

1

Dose Optimization: 

Unique combination of  parallel 

multi-objective Master-Slave 

optimization & reinforcement 

learning 

Produce the best possible treatment 

plan in minutes instead of hours 

/days, protecting 30% more organs 

at risk 

2
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Could AI-based software further improve 

human-based processes?

Automatic nodal target volume delineation

Green: expert contour

Red: automatic contouring

Blue: automatic contouring

Green: expert contour

Courtesy of N. Paragios, 2021
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Conclusions

• Automatic GTV/CTV delineation in progress

• International guidelines for nodal target volume selection & 

delineation remain a standard of care

• Personalization of the selection of the neck node target volumes 

needs to be validated

• Elaboration of tools for automatic nodal target volume 

delineation is underway.  
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Optimization of the radiation dose

in the elective neck

Nevens, R&O, 2017 

• 2008-2011

• SCC of oral cavity, oropharynx, hypopharynx, larynx and CUP

• p16- (78%) and p16+ (22%) oropharyngeal tumors

• Stage I-II (12%) and III-IV (88%)

• IMRT, 70 Gy (EQD2) on primary tumor PTV ± concomitant CH 

(61%) and randomization for the elective PTV
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Regional

recurrence
13/95 7/96  (p=ns)

Regional

recurrence in 

PTV high dose

9/95 5/96 

Optimization of the radiation dose

in the elective neck

Regional

recurrence in 

elective PTV 

2/95 2/96 

Median F-Up: 34.2 months
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Optimization of the radiation dose

in the elective neck

Radiation toxicity
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Optimization of the radiation dose

in the elective neck
Quality of Life (EORTC QLQ-C30)

Global Health Status

Physical functioning
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Sources of information

• Anatomy of the lymphatic system

• Lymph node distribution: clinical
radiological
pathological

• Pattern of failure after selective treatment

Neck node infiltration from H&N 

primaries
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• Predictive pattern of lymph node involvement 

in HNSCC

• Selective neck treatment (irradiation or 

dissection) for selected N stage

Neck node infiltration from H&N 

primaries
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Oropharyngeal Carcinoma p16-

Which CTV for the neck?

2 in case of extension to the oral cavity
3 Level IVb in case of infiltration in level IVa
4 to be included in case of bulky infiltration of upper level II

Biau, Grégoire et al., 2019
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Any difference for p16-positive 

oropharyngeal SCC?

Bauwens & Grégoire et al., 2021
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Unilateral or bilateral neck treatment?

• 228 tonsil SCC: T1-T3, N0 or 

unilteral N+

• Unilateral wedge-pair fields

• Contralateral neck failure: 8/228 

(3.5%)

Unilateral treatment if < 1 cm soft 

palate and/or base of tongue 

infiltration
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Guidelines for the treatment of the neck of 

patients with HNSCC: unilateral - bilateral?

Unilateral treatment

• lower gum

• lateral border of mobile tongue

• lateral floor of mouth

• retromolar trigone

• Cheek

• tonsillar fossa / tonsillar pillars

• lateral wall of piriform sinus
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CT-based delineation of lymph node 

levels in the neck (revised version 2013)

Gregoire et al., 2013
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