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Introduction: The long-term complication rate in head-and-neck squamous cell carcinoma (HNSCC) patients 
caused by radiotherapy (RT) can be decreased by restricting elective neck irradiation (ENI) from large adjacent 
lymph node levels to only individual elective lymph nodes. The primary objective of this study is to treat the first 
HNSCC patients with individual elective lymph node irradiation by means of a Magnetic Resonance-linac (MR- 
linac) in order to assess the feasibility. 
Methods and analysis: In this phase I feasibility study, 20 patients will be included with histologically proven cT2- 
4N0-1M0 HNSCC originating from the oropharynx, hypopharynx or larynx, planned for treatment with primary 
radiotherapy and bilateral elective neck irradiation (ENI). Patients will be treated with 35 fractions in six weeks, 
according to the DAHANCA schedule. Individual lymph nodes inside the conventional lymph node levels will be 
categorized in low-risk, intermediate-risk and high-risk based on cytology, histology and imaging parameters. 
Low-risk and intermediate-risk lymph nodes will irradiated in 20 and 23 fractions respectively, with a fraction 
dose of 2 Gy (=40/46 Gy EQD2). The high-risk lymph nodes and the primary tumor will be irradiated in 35 
fractions of 2 Gy (=70 Gy equivalent dose in 2 Gy fractions (EQD2)). To limit treatment burden, 20 fractions will 
be applied on the MR-linac. The last 15 fractions (sequential boost at the primary tumor, intermediate-risk and 
high-risk lymph nodes) will be applied on a conventional linear accelerator. The main study endpoint is the 
percentage of fractions that are successfully completed on the MR-linac. 
Ethics and dissemination: With individual elective lymph node irradiation we expect less toxicity and a better 
quality of life for HNSCC patients. However, as the treatment time on the MR-linac will be longer (30–45 vs 15 
min per fraction) we need to examine if patients can endure this new treatment concept.   

1. Introduction 

Every year approximately 3000 patients are diagnosed with head 
and neck squamous cell carcinoma (HNSCC) in the Netherlands. The 
majority of patients is treated with radiotherapy. Approximately 50% of 
these patients develop late toxicity after treatment with radiotherapy 
(RT) such as dysphagia [1], xerostomia [2], hypothyroidism [3] and 
carotid stenosis [4,5]. The quality of life of HNSCC patients is negatively 
influenced by this late toxicity [6,7]. Most HNSCC patients treated with 
RT receive elective neck irradiation (ENI) to unilateral or bilateral 
lymph node levels for the treatment of possible, non-visible regional 
metastases (i.e. occult metastasis). The introduction of ENI in the 1960′s 

decreased regional recurrences (RR) rates from approximately 20% to 
2.5% [8]. However, despite advances in cancer imaging, the concept of 
ENI remained largely unchanged [9]. With recently reported regional 
recurrences (RR) rates of only 1–5% [10,11], it might be possible to 
decrease the radiation dose used with ENI. 

Several studies decreased the dose to the elective neck in order to 
reduce late toxicity rate for HNSCC patients. Table 1 provides an over
view of finished and ongoing studies regarding dose de-escalation of 
ENI. In two studies the dose to the elective neck was successfully 
decreased to 36–40 Gy [12,13]. Other studies excluded lymph node 
levels based on imaging parameters [14] or lymph node drainage pat
terns [15], also without increasing the RR rate. In one ongoing study the 
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Table 1 
Ongoing and finished studies regarding alternative treatment to the elective neck volumes.  

Author name, year, study type, 
trial number, reference 

Number of 
patients ((C) 
ontrol /(I) 
ntervention 
/(NA) Not 
Applicable) 

Target area definition inside the lymph node levels Total dose in Gy 
(fractions*fraction dose) 

Concurrent chemo- 
therapy (%) 

Median follow-up 
((Y)ear/(M)onth) 

Regional recur. % (p- 
value if applicable)   

Ongoing studies    

van den Bosch et al., 2017, 
prospective RCT, 
trial number: NCT02442375,  
[16] 

100 (C) I. Lymph nodes in which positive cytology or necrosis or short-axis 
diameter ≥ 10 mm 
II. Elective lymph node regions 

I. 62 (33*1.88)  

II. 48 (33*1.45) 

No – – 

200 (I) I. Lymph nodes in which cytology or necrosis or high FDG-uptake 
(SUR ≥ 2.0) 
II. LNs with summed long- and short-axis ≥ 17 mm + intermediate 
FDG-uptake (SUR ≥ 1.5 - < 2.0) 
III. Elective lymph node regions 

I. 62 (33*1.88)  

II. 58 (33*1.76)   

III. 42 (33*1.27) 

No – –        

de Veij Mestdagh et al., 2019, 
prospective cohort, 
trial number: NCT03968679,  
[17] 

90 (NA) I. Lymph nodes with macroscopic tumor 
II. Unilateral elective neck region (if drainage is unilateral or if 
drainage is bilateral but contralateral sentinel node is negative) 

I. 70 (35*2.00) 
II. 54.25 (35*1.55) 

Allowed – –  

Finished studies              

Sher et al., 2021, 
prospective phase II, [14] 

72 (NA) I. Lymph nodes with macroscopic tumor 
II. Elective LN levels (level III-IV only if adjacent proximal level 
contains pathologic lymphadenopathy) 

I. 64 (20*2.00 + 15*1.60) 
II. 40 (20*2.00) 

Allowed (78 %) 2 (Y) 10.0 %        

de Veij Mestdagh et al., 2020, 
prospective cohort, [22] 

50 (C) I. Lymph nodes with macroscopic tumor 
II. Bilateral elective lymph node regions 

I. 70 (35*2.00) 
II. 54.25 (35*1.55) 

Allowed (20 %) 33 (M) 4.0 % 

50 (I) I. Lymph nodes with macroscopic tumor 
II. Unilateral elective lymph node region  
(if drainage is unilateral) 

I. 70 (35*2.00) 
II. 54.25 (35*1.55) 

Allowed (20 %) 33 (M) Not reported        

Deschuymer et al, 2020, 
prospective RCT, [12] 

96 (C) I. Lymph nodes with macroscopic tumor 
II. Elective lymph node regions 

I. 70 (EQD2) 
II. 49.6–56 
(32*1.75 / 30*1.85 / 
30*1.7 / 25*2) 

Allowed (65 %) 7.6 (Y) 7.5 % (ref) 

95 (I) I. Lymph nodes with macroscopic tumor 
II. Elective lymph node regions 

I. 70 (EQD2) 
II. 40–48.69 
(32*1.53 / 30*1.40 / 30*1.60 
/ 20*2) 

Allowed (69 %) 7.6 (Y) 14.0 % (0.10)        

Maguire et al., 2018, prospective 
phase II, [13] 

54 (NA) I. Lymph nodes with macroscopic tumor 
II. Elective lymph node regions 

I. 70 (35*2.00) 
II. 36 (35*2.00) 

Yes (100 %) 36 (M) 0 %  
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de-escalation of ENI is based on positron emission tomography uptake 
[16], while another ongoing study further investigates the selection of 
lymph node levels based on drainage patterns including a sentinel node 
procedure [17]. Considering all studies performed on this subject, it is 
thought that lowering the dose in the elective neck to 35–40 Gy EQD2 
(Equivalent dose at 2 Gy fractions) does not result in an increased RR 
rate. 

Still all finished and ongoing studies use conventional lymph node 
levels as target volumes, which are contoured on anatomical boundaries 
using Computed Tomography (CT) [18]. These lymph node levels have a 
large volume and consequently their irradiation causes side effects to 
nearby organs at risk (OARs). With modern Magnetic Resonance Imag
ing (MRI) techniques, it is possible to visualize the individual elective 
lymph nodes inside the lymph node levels. The term elective means that 
there is no suspicion of macroscopic tumor load based on radiology or 
histology, but occult metastases might occur in these lymph nodes. We 
expect that occult metastasis will occur inside lymph nodes and not in 
the fatty tissue surrounding the lymph nodes (i.e. the entire lymph node 
levels). Converting conventional ENI into specific dose delivery to only 
elective lymph nodes will reduce radiation dose to healthy tissues and 
possibly reduce the late toxicity rate for patients with HNSCC without 
compromising regional control. 

Our new concept is called individual elective lymph node irradiation 
in which target volumes of the lymph node levels are reduced to only 
individual elective lymph nodes. The primary tumor and pathological 
lymph nodes will receive the conventional dose of 70 Gy. Individual 
elective lymph node irradiation will be explored on the recently devel
oped MR-linac. The MR-linac is a linear accelerator combined with an 
MRI-scanner and facilitates the integration of MRI in the radiotherapy 
planning and treatment. With the MR-linac it is possible to identify 
(small) individual elective lymph nodes and treat them accordingly 
while the patient is on the treatment table [19,20]. This in contrast to 
conventional linear accelerator machines on which small individual 
elective lymph nodes are not visible with cone beam CT (CBCT). In our 
previous treatment planning study [21], individual elective lymph node 
irradiation showed favorable results compared to conventional treat
ment in terms of OAR sparing. With our new treatment concept we 
observed mean dose reductions of >5 Gy in carotid arteries, thyroid and 
submandibular glands. 

The primary objective of this study is to treat the first HNSCC pa
tients with individual elective lymph node irradiation on the MR-linac 
and assess its feasibility. We consider individual elective lymph node 
irradiation feasible if on average at least 85% of all fractions could be 
performed on the MR-linac. The secondary objectives are to monitor 
patient safety, toxicity and tolerability of this new treatment concept. 

2. Methods and analysis 

2.1. Study design, inclusion and exclusion criteria 

This is a monocenter phase I feasibility study, that will be performed 
at the UMC-Utrecht. Twenty patients with T2-4N0-1M0 HNSCC origi
nating from the larynx, oropharynx or hypopharynx will be treated ac
cording to our new treatment design for the elective neck volumes. The 
inclusion and exclusion criteria are listed in Table 2. 

2.2. Treatment description 

2.2.1. Imaging and fixation procedures 
For all HNSCC patients undergoing RT treatment, a thermoplastic 

fixation mask is made. Subsequently, patients will undergo a treatment- 
planning Computed Tomography (CT) and MRI in this mask. The CT is 
acquired with a slice thickness of 3 mm and a minimal in-plane reso
lution of 1 mm2. In the future, a synthetic CT scan will be reconstructed 
from the MR-images to support an MR-only workflow. The MRI protocol 
for HNSCC patients consists of different sequences. Of these sequences 
the water-only image of the multiple Dixon T2-weighted turbo spin echo 
(T2 mDixon TSE) scan [23] will be used for identification of individual 
lymph nodes (TE: 100 ms, TR: 3000 ms, flip angle: 90◦, slice thickness: 3 
mm, in plane reconstructed resolution: 0.86 mm2). 

2.2.2. Delineation of target areas 
According to conventional treatment, target areas and OARs will be 

delineated on the planning-CT based on international guidelines 
[18,24]. The MRI scan will be matched to the planning-CT and provides 
additional anatomical information regarding the primary tumor, indi
vidual lymph nodes and OARs. Lymph nodes are identified as structures 
with a hyperintense signal inside the conventional nodal neck volumes 
(II-IV) in at least two transverse slices. Lymph nodes in level Ia/b, V, 
VIa/b or VIIa are added to the target volumes only if these levels are 
indicated according to the conventional clinical guidelines. 

A trained neural network previously developed in our center will 
supply a proposition of delineations of the lymph nodes and elective 
neck volumes (levels I-V). All proposed delineations will be reviewed by 
the radiation oncologist and adapted if necessary. 

(Elective) lymph nodes will be divided in high-risk, intermediate-risk 
and low-risk:  

- High-risk lymph nodes (also known as suspicious, pathological or 
positive lymph nodes during conventional treatment) compromises 
all lymph nodes with positive cytology or with necrosis on imaging. 

Table 2 
Inclusion and exclusion criteria to participate in the inode trial.  

Inclusion criteria Exclusion criteria 

Squamous cell carcinoma of the larynx, 
oropharynx or hypopharynx 

Concurrent chemotherapy or cetuximab Age < 18 years  

T2 –T4 stage Patients unsuited for MRI imaging WHO performance status ≥ 2  

Indication for curative primary 
(accelerated) RT 

Synchronous malignant tumor(s) at another site Distant metastasis  

Indication for bilateral ENI Previous malignancies in the HN region treated with surgery, chemotherapy or 
radiotherapy, except for tumors treated with endoscopic glottic laser microsurgery 

Mental or physical impairment causing the 
participant to be unable to fill out questionnaires  

N0-1, based on bilateral ultrasound / 
MRI / PET of the neck 

A history of malignant disease for which treatment was ended < 2 year before 
diagnosis of the HNSCC, except basal cell carcinoma 

Participation into another interventional study  

Previous dissection of lymph nodes in the neck   
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If a PET-CT scan is available and shows pathological lymph nodes, 
these nodes are also considered high-risk.  

- Intermediate-risk lymph nodes comprise all lymph nodes with a 
summed long- and short-axis diameter ≥ 17 mm in the transverse 
plane without positive cytology or necrosis according to the criteria 
of the UPGRADE study [16].  

- Low-risk lymph nodes comprise all other visible lymph nodes in 
which the major axis in the transverse plane is 4 mm or larger. 

2.2.3. Radiation dose 
The low and intermediate-risk lymph nodes will be irradiated with a 

dose of 20 × 2 Gy = 40 Gy and 23 × 2 Gy = 46 Gy respectively (Fig. 1). 
The high-risk lymph nodes and the primary tumor will receive a con
ventional dose of 35 × 2 Gy = 70 Gy. 

2.2.4. Fractionation schedule 
Patients will be treated according to the widely used DAHANCA 

schedule [25]. The DAHANCA schedule consists of 35 fractions applied 
in six weeks. In the first week, patients receive five fractions on Monday 
up until Friday. From week two to six, patients also receive a second 
fraction on Friday with a minimum time interval of six hours (Fig. 2). 

In the first 20 fractions, the primary tumor and all low-risk / 
intermediate-risk / high-risk lymph nodes will be irradiated once a day 
in the first four weeks on Monday to Friday (mornings). As (small) low- 
risk lymph nodes will not be visible on the conventional cone beam CT, 
these fractions will be applied on the MR-linac using the Intensity 

Modulated Radiation Therapy (IMRT) technique with 17 beams. 
After 4 weeks of radiation treatment, tumor visualization is not clear 

anymore on MRI due its therapeutic effects [26]. Therefore, and because 
in the remaining fractions only the intermediate and high doses volumes 
are targeted, the other 15 fractions will be applied on a conventional 
linear accelerator (linac) with Volumetric Modulated Arc Therapy 
(VMAT). The fractions on the conventional linac are shorter and will 
therefore also reduce treatment burden for the patient. Three of the 15 
fractions will be directed to intermediate-risk / high-risk lymph nodes 
and the primary tumor. This will take place in week 2, 3 and 4 on Friday 
afternoons. The other twelve fractions are administered in week 5 and 6, 
directed to the high-risk lymph nodes and the primary tumor. 

In total, 3 different plans will be made: one MR-linac plan for the 
low-risk / intermediate-risk / high risk lymph nodes and the primary 
tumor (20 fractions), one conventional VMAT plan for the intermediate- 
risk / high-risk lymph nodes and the primary tumor (3 fractions) and one 
conventional VMAT plan for only the high-risk lymph nodes and the 
primary tumor (12 fractions) (Fig. 2). At the beginning of the fourth 
week, a new planning-CT will be made in the same fixation mask. 
Together with the last online MRI on the MR-linac, target areas and 
OARs will be re-contoured to make the conventional VMAT plan for 
week 5 and 6. 

2.2.5. Position verification and planning target volume (PTV) margins 
For the high-risk lymph nodes and the primary tumor, conventional 

margins for patients with HNSCC cancer are used in this study. In order 

Fig. 1. (a) Conventional dose description of hypopharyngeal, oropharyngeal or laryngeal cancer with an indication for bilateral elective neck irradiation and (b) The 
new strategy to irradiate individual (elective) lymph nodes. PTVp = planning target volume of the primary tumor, PTVn = planning target volume of the conventional 
elective neck volumes, PTVLN-high / int / low = Planning target volume of high-risk, intermediate-risk and low-risk lymph nodes. 

Fig. 2. Fractionation schedule for patients participating in the iNode trial.  
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to guarantee a highly accurate irradiation of a multitude of target areas 
over the complete length of the neck, a retrospective imaging study was 
performed regarding the visibility and displacement patterns of elective 
lymph nodes during RT [20]. Based on this study and additional analysis 
of lymph node dose coverage, we will use a PTV margin of 5 mm around 
low-risk and intermediate-risk lymph nodes. The target volumes, CTV 
margins, PTV margins and dose prescriptions can be found in Table 3. 

2.2.6. Treatment adaptation on the MR-linac 
The MR-linac provides the possibility to adapt the radiation treat

ment while the patient is on the treatment table. Two workflows of 
treatment adaptation are available on the MR-linac:  

1. The first workflow is called ‘adapt to position’ (ATP) workflow. ATP 
allows for plan adaptation based on the online patient position as 
seen on the MRI-scan performed on the MR-linac. As the delineations 
on the radiotherapy plan are not adapted but shifted, this procedure 
can be seen as a conventional position verification procedure. 
Duration of one fraction with ATP for HNSCC patients will be 15–30 
min.  

2. The second workflow is called ‘adapt to shape’ (ATS) workflow. With 
ATS, all contours of target volumes and OARs will be adapted based 
on the new patient anatomy as seen on MRI acquired on the MR- 
linac. A new RT plan is created while the patient is on the treat
ment table. Duration of one fraction with ATS for HNSCC patients 
will be 45–60 min. 

Since the radiotherapy treatment of HNSCC includes multiple targets 
and complex dose distribution, the ATS workflow is momentarily too 
time consuming for all 35 fractions. Furthermore, the changes in head- 
and-neck anatomy are gradual during the long treatment course and 
do not require this full plan adaptation every day. Consequently, pa
tients in the iNode study will be treated on the MR-linac with ATP every- 
five fractions alternated by (an offline) ATS for one fraction at the 
beginning of each week. 

Before every fraction performed with ATP, it will be checked 
whether all target delineations still align with the consisting radio
therapy plan. If the target delineations are considered not adequate, a 
change to ATS workflow will be made. The criteria to switch from ATP to 

ATS are in line with the conventional guidelines in our department: 1. 
The current CTV of the target volumes extends outside the defined PTV 
and 2. The body contour variation is larger than 1 cm. In addition to 
conventional guidelines, new lymph nodes appearing on MRI during 
treatment (in at least two transverse slices with a minimum transverse 
diameter of 4 mm) will also require changing from ATP to ATS. 

To reduce treatment burden, the ATS workflow will be performed 
offline. Offline ATS means the treatment plan will be adapted and 
optimized for target volume and OAR changes after the patient has left 
the treatment table. The new treatment plan will be applied starting 
from the next fraction. With offline ATS, the total procedure on the MR- 
linac will take the same time as the ATP workflow. 

2.2.7. Follow-up procedures 
Patients will be included in the regular follow-up program. Addi

tionally, an ultrasound of both sides of the neck will be performed by a 
radiologist at 8, 12 and 18 months. A fine needle biopsy will be per
formed in case of a suspicious node. Furthermore, patients will also 
undergo hearing tests before and after RT treatment to investigate the 
occurrence of hearing impairment due to the noise inside the MR-linac. 

2.3. Endpoints 

2.3.1. Main study endpoint 
The percentage of fractions performed on the MR-linac according to 

the new treatment concept. We consider individual elective lymph node 
irradiation feasible if on average more than 16 out of 20 fractions can be 
performed on the MR-linac (based on a per-protocol analysis). Either 
inadequate patient tolerability, contouring/planning issues or machine 
down time could lead to missing fractions. 

2.3.2. Secondary study endpoints 

Regarding patient safety.  

- Regional recurrence occurring inside the elective neck volumes at 2 
years follow-up.  

Table 3 
Target volumes, CTV margins, PTV margins and dose prescriptions for the iNode trial. GTV = Gross tumor volume, CTV = Clinical Target Volume, PTV = Planning 
Target Volume.  

Target volumes Delineations and CTV and PTV margins Dose prescription to PTV 

1. Primary tumor GTVp Includes all visible tumor identified and delineated on CT/MRI 20 * 2 Gy (MR-linac) +15 * 2 
Gy (VMAT)= 70 Gy  

CTVp Oropharynx: GTVp + 5-mm (70 Gy) and + 10-mm (40 Gy) margin in all directions (excluding air 
and bony tissue) 
Larynx/hypopharynx: GTVp + 6-mm margin in all directions (excluding air and bony tissue)   

PTVp Oropharynx: CTVp + 3/4/5-mm margin in all directions (depending on subsite and mobility) 
Larynx/hypopharynx: CTVp + 3, 4 and 6 mm in respectively lateral, ventro-dorsal and cranio- 
caudal directions. When on the pretreatment cine-MRI the GTV moves outside the CTV in cranial- 
caudal direction, an 8-mm margin is applied in cranial-caudal direction.      

2. High-risk lymph nodes 
(LN-high) 

GTVLN-high High-risk individual lymph nodes, defined as lymph nodes with positive cytology, histology or 
with necrosis on imaging 

20 * 2 Gy (MR-linac) +15 * 2 
Gy (VMAT)= 70 Gy  

CTVLN-high GTV LNs-high + 5 mm margin in all directions (excluding air and bony tissue)   
PTVLN-high CTVLNs-high + 3 mm      

3. Intermediate-risk lymph 
nodes (LN-int) 

CTVLN-int Intermediate-risk lymph nodes, defined as lymph nodes with a summed long- and short-axis 
diameter ≥ 17 mm without positive cytology or necrosis 

20 * 2 Gy (MR-linac) +3 * 2 Gy 
(VMAT)= 46 Gy  

PTVLN-int CTVLNs-int. + 5 mm      

4. Low-risk lymph nodes 
(LN-low) 

CTVLN-low Low-risk lymph nodes, defined as lymph nodes inside the conventional elective neck volumes 
identified and delineated on MRI in at least 2 transverse slices in which the major axis in the 
transverse plane is 4 mm or larger 

20* 2 Gy (MR-linac)= 40 Gy  

PTVLN-low CTVLNs-low + 5 mm   
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- Difference in hearing function measured by audiometry to assess 
MR-related hearing changes between baseline and one week after RT 
treatment. 

Regarding RT toxicity. 

- Patient reported outcomes (PROs) will be measured with the Euro
pean Organization for Research and Treatment of Cancer (EORTC) 
Quality of Life Questionnaires (QLQ-C30 /HN35). Patients will be 
invited to fill out questionnaires at baseline and 3, 6, 12 and 24 
months after treatment.   

- Common Terminology Criteria for Adverse Events (CTCAE) will be 
filled in by the radiation oncologist at baseline and 3, 6, 12 and 24 
months after treatment. 

Regarding patient tolerability.  

- Patient reported experience measurements (PREMs) regarding 
tolerability of treatment on the MR-linac will be obtained with the 
previously validated questionnaire of the PERCEIVE study (METC- 
protocol number: 20–624/C). Patients will be asked to fill out PREMs 
at three time points: after the first, the 10th and the last fraction. 

2.3.3. Other study parameters  

- Patient and tumor characteristics.  
- All images obtained before and during treatment.  
- Treatment characteristics: Dosimetric and planning data, treatment 

duration per fraction, treatment adaptation mode per fraction, per
centages of fractions delivered as planned, visibility and change of 
contours of the individual lymph nodes on MRI. 

2.4. Statistics 

The primary study parameter will be presented as a percentage. 
Missing data is not applicable for this parameter. Since this is a feasi
bility study, no power calculation has been performed to estimate the 
required number of patients in this trial. 

As the number of patients in this study is relatively low, we assume 
our data is non-normally distributed. Therefore, continuous variables 
will be presented as median with inter-quartile range. Non-parametric 
statistical analyses will be performed on secondary outcome measures 
(hearing loss and toxicity) to compare baseline scoring with time points 
after the end of radiotherapy treatment. Time-to-event data (regional 
recurrence) will be analyzed with the Kaplan-Meier method. PROs and 
PREMs will be analyzed with a mixed model. 

Descriptive statistics will be used for patient, treatment and tumor 
characteristics at baseline. 

2.5. Planned timeline 

Primary accelerated fractionation for advanced laryngeal/oropha
ryngeal/hypopharyngeal cancer for patients with a WHO 0–1 perfor
mance status and a N0-1 neck disease was performed in the UMCU in 20 
cases in 2021. Based on previous studies conducted in our hospital for 
HNSCC patients we estimate an accrual rate of 50 %. Therefore, a total of 
2 years will be necessary to complete treatment for 20 patients and 
collect the primary endpoint. An additional 2 years will be necessary to 
collect all secondary outcomes (regional recurrence, toxicity and patient 
tolerability). We will start including patients in the first quartile of 2023. 

3. Ethics and dissemination 

Individual elective lymph node irradiation specifies the radiation 
dose to the elective targets based on the size of possible occult metas
tases. Therefore, the dose to the elective neck volumes can be reduced 
[27]. Patients participating in the iNode study will receive a lower dose 
to several organs at risk, which could lead to a lower toxicity rate. 
However, compared to conventional treatment, there might be an in
crease of regional recurrences. In order to detect possible regional re
currences in an early phase, three additional ultrasound examinations 
are performed during follow-up. Additionally, patients with a regional 
recurrence can be treated with post-radiotherapy surgical neck 
dissection. 

The on-table time on the MR-linac will be approximately twice as 
long compared to conventional treatment (15 vs 30 min). If patients 
cannot endure the treatment on the MR-linac, it is possible to finish 
treatment on the conventional linac. Switching to conventional treat
ment will not have consequences for the treatment outcome. 

Hearing protection is provided in compliance with standard pro
cedures, and hearing loss is therefore not expected to occur as a result of 
the noise exposure caused by the MRI scanner. However, there is little 
experience with repetitive MR noise exposure in a time span of several 
weeks as is encountered in the RT schedules of 20 fractions on the MR- 
linac. One retrospective cohort study describes similar exposure, in 
which no clinical relevant hearing loss was observed [28]. To ascertain 
that there is no permanent hearing damage after the repetitive exposure 
to the MR noise, hearing loss will be closely monitored by an audiologist. 

If the iNode trial is proved feasible according to our pre-set criteria 
and if no unexpected serious adverse events are observed, we will pro
ceed to set up a randomized controlled trial to compare individual 
elective lymph node irradiation with conventional ENI. The MR-linac 
consortium, which is a registry-based collaboration between several 
hospitals worldwide that accommodate an MR-linac, could facilitate to 
perform this study in a multicenter setting. In this future trial we will 
further assess the efficacy (i.e. regional recurrence) and benefits (i.e. 
reduced complications) of this new treatment concept. 
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