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MRI visibility and displacement of
elective lymph nodes during
radiotherapy in head and neck
cancer patients

Floris C. J. Reinders®, Peter R. S. Stijnman, Mischa de Ridder,
Patricia A. H. Doornaert, Cornelis P. J. Raaijmakers and
Marielle E. P. Philippens

Department of Radiotherapy, University Medical Centre Utrecht, Utrecht, Netherlands

Background and purpose: To decrease the impact of radiotherapy to healthy
tissues in the head and neck region, we propose to restrict the elective neck
irradiation to elective lymph nodes at risk of containing micro metastases instead
of the larger lymph node volumes. To assess whether this new concept is
achievable in the clinic, we determined the number, volume changes and
displacement of elective lymph nodes during the course of radiotherapy.
Materials and methods: MRI scans of 10 head and neck cancer (HNC) patients were
acquired before radiotherapy and in week 2, 3, 4 and 5 during radiotherapy. The
weekly delineations of elective lymph nodes inside the lymph node levels (Ib/I1/111/
IVa/V) were rigidly registered and analyzed regarding number and volume. The
displacement of elective lymph nodes was determined by center of mass (COM)
distances, vector-based analysis and the isotropic contour expansion of the
lymph nodes of the pre-treatment scan or the scan of the previous week in order
to geographically cover 95% of the lymph nodes in the scans of the other weeks.
Results: On average, 31 elective lymph nodes in levels Ib-V on each side of the neck
were determined. This number remained constant throughout radiotherapy in most
lymph node levels. The volume of the elective lymph nodes reduced significantly in
all weeks, up to 50% in week 5, compared to the pre-treatment scan. The largest
median COM displacements were seen in level V, for example 5.2 mm in week 5
compared to the pre-treatment scan. The displacement of elective lymph nodes
was mainly in cranial direction. Geographical coverage was obtained when the
lymph node volumes were expanded with 7 mm in case the pre-treatment scan
was used and 6.5 mm in case the scan of the previous week was used.
Conclusion: Elective lymph nodes of HNC patients remained visible on MRI and
decreased in size during radiotherapy. The displacement of elective lymph nodes
differ per lymph node level and were mainly directed cranially. Weekly adaptation
does not seem to improve coverage of elective lymph nodes. Based on our
findings we expect elective lymph node irradiation is achievable in the clinic.
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Introduction

Most head and neck cancer (HNC) patients experience high
rates of long-term complications such as xerostomia, dysphagia,
carotid stenosis and hypothyroidism (1-4) when treated with
radiotherapy. Radiotherapy consists of a high radiation dose
directed to the primary tumor and the lymph nodes with
metastases, whereas a lower radiation dose is directed to the
large lymph drainage volumes on both sides of the neck. The
lymph drainage volumes are categorized in different lymph
node levels (Ib to V) based on anatomical structures, and
cover the volumes where microscopical lymph node spread
(i.e., occult metastasis) might occur (5). The treatment of
occult metastases is also known as elective neck irradiation
(ENI). Lymph node levels might be treated too aggressively
with ENI, because in the available literature low regional
recurrences rates of <5% have been reported (6, 7). De-
intensifying ENI might lower the complication rates for HNC
patients without affecting the oncological effectiveness.

Some studies already decreased the elective dose from
approximately 50 Gy to 36-40 Gy using conventional lymph-
node levels as target volumes without increasing the regional
recurrence rate (8, 9). However, further studies must be awaited
(10). The introduction of MRI in the radiotherapy process
enables better visualization of elective lymph nodes inside the
lymph node levels. The term elective means there is no
suspicion of macroscopic tumor based on histology or radiology.
However, due to their location we expect that microscopic
tumor load (or occult metastases) might be present in these
lymph nodes and not in the whole lymph node levels. Therefore,
we advocate to only irradiate the elective lymph nodes instead of
the larger lymph node levels. With these new smaller target
volumes, we aim to (further) reduce the complication rates for
HNC patients, without increasing the regional recurrence rate.

In this new ENI concept called elective lymph node
irradiation, the lower radiation dose is given to the elective
lymph nodes inside the conventional lymph node levels at
risk of containing micro-metastases. The dose to the tumor
and pathological lymph nodes will remain the same as in the
conventional situation. We will explore the elective lymph
node irradiation on the MR linac, which integrates an MRI
The MR linac enables

visualization of elective lymph nodes during radiotherapy.

scanner with a linear accelerator.

Consequently, the radiation dose to these small targets can be
accurately monitored. In our previous treatment planning
study, elective lymph node irradiation on the MR-linac was
associated with dose reductions >5 Gy in several organs at
risk such as the carotid arteries, thyroid and submandibular
gland, compared to conventional ENT (11).

Before we can implement elective lymph node irradiation in the
clinic, several issues need to be clarified regarding the visibility and
displacement of elective lymph nodes during radiotherapy. Firstly,
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to target the elective lymph nodes, we need to determine if these
can be followed on MRI during the full radiotherapy treatment
course. Secondly, we need to determine if adaptive radiotherapy is
needed and which radiotherapy margins are required to ensure
sufficient dose coverage. For this reason, the volume changes and
the displacement of elective lymph nodes during radiotherapy
need to be examined. Displacement of lymph nodes might occur
due to anatomical changes or set-up errors during radiotherapy.

This study describes the detectability, volume changes and
displacement of elective lymph nodes in HNC patients during
radiotherapy to assess whether elective lymph node irradiation is
achievable in the clinic. Therefore, we performed weekly MRIs
in HNC patients during radiotherapy and compared segmented
volumes of elective lymph nodes in all acquired scans.

Materials and methods
Study design, patients and treatment

In this observational imaging study, we included 10 patients
with T2-4N0-2MO histopathological proven squamous cell
carcinoma of the oropharynx, hypopharynx or larynx
(Table 1). All patients gave written informed consent for
another study in which consent was given to use their data
within the same research field (METC UMC Utrecht, trial
NL57164.041.16). treated  with

conventional primary radiotherapy which consisted of 30-35

number: Patients  were
fractions of 2.0-2.3 Gy to the primary tumor, and 1.26-
1.55Gy to the elective lymph node levels (II-IVa). We
included additional lymph node levels Ib, IVb, Vab and VIIab
as target volumes if indicated by the international guidelines
for ENI (5). In some patients (n=3) radiotherapy was
combined with concurrent chemotherapy. We administered
the radiotherapy on a 6MV conventional linear accelerator

(linac) by Volumetric-Modulated Arc Therapy.

MRI and registration techniques

All patients underwent MRI one to three weeks before
radiotherapy, and during radiotherapy in the middle of weeks 2,
3, 4 and 5 with a variation of +/— 2 days. During scanning all
patients were immobilized using a 5-point thermoplastic mask.
Elective lymph nodes and lymph node levels were identified
with the in-phase and water-only images of the multiple Dixon
T2-weighted turbo spin echo (T2 mDixon TSE) scan (TE:
100 ms, TR: 3,000 ms, flip angle: 90°, slice thickness: 3 mm, in
plane reconstructed resolution: 0.86-0.94 mm?).

Scans during radiotherapy were rigidly registered to the pre-
treatment scan using a box around all lymph node levels and the
spine at the level of the primary tumor. With this registration
ventrodorsal ~and  left-right

rotational,  craniocaudal,
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TABLE 1 Tumor and treatment characteristics of all patients included
in this imaging study.

Treatment and tumor characteristics N (%)
Tumor location
Oropharynx 7 (70%)
Hypopharynx 2 (20%)
Larynx 1 (10%)
TNM
T1 -
T2 3 (30%)
T3 4 (40%)
T4 3 (30%)
NO 3 (30%)
N1 2 (20%)
N2 5 (50%)
N3 -
MO 10 (100%)
M1 -
Treatment
Radiotherapy only 7 (70%)
Radiotherapy + concurrent chemotherapy 3 (30%)

translations were determined (Figure 1). No deformable
matching was used to register MRI scans.

Definition and delineation of target
volumes

Elective lymph nodes were identified and segmented on all
MRI scans by one independent observer (medical PhD-student)
and checked by a radiation oncologist with over 10 years of
experience in the field of HNC. We defined elective lymph
nodes as kidney bean shaped, hyperintense structures inside
the conventional lymph node levels (Ib-II-III-IVa-V) with a
minimal diameter of 2 mm in the transverse plane. Elective
lymph nodes were distinguished from continuous blood
vessels with the help of axial and sagittal views. We excluded
elective lymph nodes if they were not visible in at least two
transverse slices in the pre-treatment scan. Lymph nodes
suspect of containing metastases based on imaging or fine
needle aspiration were excluded from this analysis.

Detectability of elective lymph nodes

In every MRI scan, the number of elective lymph nodes was
counted and analyzed per lymph node level (Ib to V) on both
the ipsilateral and contralateral side. To determine the
detectability of elective lymph nodes during the complete
course of radiotherapy, we compared the number of elective
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lymph nodes seen in the pre-treatment scan to the number of
elective lymph nodes seen in the scans during radiotherapy.

Volume of elective lymph nodes

The volumes of elective lymph nodes were compared
between the pre-treatment scan and the scans during
radiotherapy. Additionally, we analyzed volume differences of
elective lymph nodes between the lymph node levels (Ib to
V), the side of the neck (ipsilateral vs. contralateral) and
irradiation status (irradiated vs. non-irradiated).

Displacement of elective lymph nodes

The displacement of elective lymph nodes was derived from
changes of the center-of-mass (COM) position of elective lymph
nodes relative to the pre-treatment scan and to the previous
scan. In this way, weekly COM displacements were evaluated
on both the ipsilateral and contralateral side. We visualized
vector-based 3D-COM displacements in order to detect
possible patterns in direction. For the visualization, weekly
COM displacements of all lymph nodes were averaged per
lymph node level and plotted as a vector with their base set
to 0 on the x, y, and z-axis.

Expansion of elective lymph node
contours for geographical coverage

To get an initial impression of a suitable radiotherapy margin
for elective lymph node irradiation, lymph node delineations
from the pre-treatment scan were isotropically expanded with
steps of 1 mm until 95% of all elective lymph node voxels were
geographically covered in the scans during radiotherapy. We
defined two expansions to account for set-up errors and
anatomical changes during radiotherapy. The first expansion
covers 95% of the volume of 95% of all elective lymph nodes in
all scans during radiotherapy. This expansion could be used to
derive a radiotherapy margin in case the radiotherapy plan will
not be adapted during treatment. The second expansion only
has to cover 95% of the volume of 95% of all elective lymph
nodes of the scan of the previous week. The last margin could
be used to derive a margin when the radiotherapy plan on the
MR linac will be adapted on a weekly basis.

Statistical analysis
Ordinal variables were reported as absolute values.

Continuous variables were reported as median with inter
quartile range (IQR). The lines of the boxes in the boxplots
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Delineations

MRI images

FIGURE 1

For this study per patient in total 5 MRI scans were obtained in which elective lymph nodes and lymph nodes levels were delineated (top). All scans
and delineations were rigidly matched using a box around spine and lymph node levels at the level of the tumor (bottom)

represent the first, second and third quartile. The whiskers
represent the 5-95th percentile. Outliers are displayed as dots.
We assumed that our data was not normally distributed due to
the small sample size. Consequently, we used non-parametric
statistical tests. The Friedman test was applied to compare the
number of lymph nodes between scans. The volumes of elective
lymph nodes between all scans were compared with the
Wilcoxon signed rank test. Subgroup analysis regarding
the volume differences of lymph nodes was performed with the
Mann-Whitney U test in case of a comparison with 2 groups
and the Kruskal Wallis test in case of >2 groups. All statistical
testing was performed with Statistical Package for Social
Sciences (SPSS) version 25 (Released 2017. IBM SPSS Statistics
for Windows, Version 25.0. Armonk, NY: IBM Corp.).

Results

Forty-seven MRI scans of 10 patients obtained before
radiotherapy and in weeks 2, 3, 4 and 5 during radiotherapy
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were included. In three patients a scan was missed in either
week 3, 4 or 5. On the available MRI scans, we delineated 595
elective lymph nodes.

Elective lymph node count

On average 31 (IQR: 19.8-35.8) elective lymph nodes
were visible on MRI per side of the neck. Lymph node
level II contained the most lymph nodes on the pre-
treatment MRI scan with a median count of 11 (IQR: 8-
16) on the ipsilateral side, and 10 (IQR: 5-15) on the
contralateral side (Figure 2). Fewer elective lymph nodes
were seen on the ipsilateral / contralateral side in lymph
node level Ib: 2 / 3 (IQR: 1-3 / 2-4), level III: 6 / 5 (IQR:
4-8 / 4-8), level IV: 3 / 4 (IQR: 3-8 / 3-5) and level V: 4 /
4 (IQR: 2-5 / 2-5).

The lymph node count of elective lymph nodes did not
differ throughout the course of radiotherapy treatment,
except for the lymph nodes in level II on the contralateral
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side and level V on the ipsilateral side (Figure 2). The
number of lymph nodes reduced significantly with 2.0
lymph nodes in level II (from 11 to 9.0, p=0.029) and 1.0
lymph node in level V (from 4.0 to 3.0, p=0.017). Visual
inspection revealed that the lymph node count in level II
was mostly decreased by the volume reduction of
lymph nodes such that these nodes were not visible
anymore in at least two transversal MRI slices. The lymph
node count in level V on the other hand was decreased
by the displacement of lymph nodes outside the lymph

node level.

Elective lymph node volumes

Compared to pre-treatment, the volume of elective lymph
nodes reduced significantly in week 2 with —28.6%
(IQR: —50.0% to —6.3%, p<0.01), in week 3 with —33.3%
(IQR: —55.5% to —14.5%, p<0.01), in week 4 with —41.7%
(IQR: —60.0% to —21.5%, p <0.01) and in week 5 with —50.0%
(IQR: —63.6% to —25.2%, p < 0.01) (Figure 3).

In all weeks, the volume of lymph nodes in lymph node
levels I and V decreased more compared to the volume of
lymph nodes in other lymph node levels (Supplementary File
1). In week 4 and 5, the volume of elective lymph nodes
located at the ipsilateral side decreased more compared to the
of lymph the
(Supplementary File 2). At all time points, the volume of

volume nodes on contralateral side

elective lymph nodes that were irradiated was not significantly
different from the volume of non-irradiated lymph nodes
(Supplementary File 3).

15+
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-~ & Level Ib contralateral
= Syl .
5 10 V- - S Level Il ipsilateral
g S Weee-- v ¥ Level Il contralateral
£ O Level lll ipsilateral
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(] T T T T T
& v ) >
¢ o o o
@’b\é‘ & & & &
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€
Time point MRI acquisition
FIGURE 2
The median number of elective lymph nodes per lymph node level
(IB to V) on both the ipsilateral and contralateral side for head and
neck cancer patients during the course of radiotherapy.
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FIGURE 3

The median differences in the volume of elective lymph nodes
during the course of radiotherapy compared to the volume of
elective lymph nodes in the pre-treatment scan. The whiskers
indicate the interquartile range.

Displacement of elective lymph nodes

Median COM distances between lymph nodes in the pre-
treatment scan and in the scans at week 2, 3, 4 and 5 were:
2.5mm (IQR: 1.7-3.9), 2.6 mm (IQR: 1.7-3.9), 3.4 mm (IQR:
2.2-5.1), and 3.5mm (IQR: 2.4-5.1). The median COM
distances reduced when delineations were compared to the
previous scan. These values amounted to 2.0 mm (IQR: 1.3-
3.3) between week 2 vs. 3, 2.7 mm (IQR: 1.6-3.9) between
week 3 vs. 4 and 3.0 mm (IQR: 1.9-4.2) between week 4 vs. 5
(Figure 4). In all weeks, the largest COM distances were
observed in lymph nodes located in lymph node level V
(Supplementary file 4). The mean displacement vectors of the
lymph nodes in levels all indicated a displacement in
cranial direction with respect to the pre-treatment position
111 IV. The
displacements in the axial/transverse plane of the lymph

most clearly observed in level and
nodes in all lymph node levels were more randomly

distributed (Supplementary file 5).

Elective lymph node contour expansion
for geographical coverage

Geographical coverage was obtained when the lymph
node volumes were expanded with an isotropic margin of
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FIGURE 4

Centre of mass distance between delineations of elective lymph nodes in the pre-treatment scan and the delineations in the scans of week 2, 3, 4 and
5 during radiotherapy. The centre of mass was compared to the pre-treatment scan and to the previous scan.

COM compared to

5mm in weeks 2 and 3, and 6-7 mm in weeks 4 and 5

(Figure 5A). The expansion in week 4 decreased with

delineations of the previous scan (Figure 5B). Especially

elective lymph nodes in level V are at risk of not being

0.5mm if the delineations were compared to the covered adequately (Supplementary file 6).
A B
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FIGURE 5
Coverage of elective lymph nodes in the scans of week 2, 3, 4 and 5 when the segmented volumes of the pre-treatment scan (A) or the previous scan
(B) were isotropically expanded. Lymph nodes were considered covered if 95% of all voxels were within the expanded volume.
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Discussion

In general, elective lymph nodes detectable on MRI
before the start of radiotherapy remained visible during
radiotherapy. The volume of the elective lymph nodes
decreased with approximately 50% during the course of
radiotherapy. The displacement of elective lymph nodes
was mostly in the cranial direction with median COM
displacements of 3.5 mm in week 5. Geographical coverage
was obtained when the elective lymph node delineations
were isotropically expanded with 7 mm in case the pre-
treatment scan was used and 6.5 mm in case the scan of
the previous week was used.

Per patient normally 31 elective lymph nodes were detected
on each side of the neck. This is comparable to a study that
analyzed lymph nodes in healthy volunteers with whole body
MRI, with an average of 34 cervical lymph nodes on each side
of the neck (12). To this point, no other imaging studies
assessed the number, volume or displacement of elective
lymph nodes in HNC patients during the course of
radiotherapy.

Pathology studies reported a lymph node yield between 34
and 45 in (modified) radical neck dissections on each side of
the neck (level Ib-V) (13-16). We reported a lower number
of lymph nodes in these levels. However, we have excluded
lymph nodes only visible in one transverse MRI slice, lymph
nodes with a transverse diameter < 2 mm and lymph nodes
suspect of containing metastases. Also the pathological
determination of lymph node yield in neck dissections
cannot be considered the gold standard as the lymph node
yield is affected by the dissection technique (17) and the
person who is performing the dissection (pathologist vs.
technician) (15).

In our study the lymph node count remained stable during
radiotherapy except for lymph nodes in levels II (—2.0) and V
(—=1.0). Some lymph nodes in level II were small and only
visible in two MRI slices. After the start of radiotherapy these
lymph nodes decreased in size and were subsequently only
visible in one transversal MRI slice. Unfortunately, lymph
nodes in only one transversal slice were not counted by our
software we used for this analysis. Lymph nodes in level V
were often seen at the border of other lymph node levels (II/
II/IV). Therefore, lymph nodes in level V moved from one
level to the other. In contrast to our findings, the lymph node
yield in (modified) radical neck dissections (levels I-V) was
decreased with 7 to 9 lymph nodes if patients were irradiated
before surgery (18-20). Radiotherapy is known for its effect
on lymph nodes as histological analysis showed significant
volume reduction up to —50% after the start of radiotherapy
compared to when no radiotherapy is applied (21). The
smaller irradiated lymph nodes might be much harder to
identify in pathological neck dissections whereas on MRI
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these lymph nodes might still be visible. This could explain
why lymph node yield is further decreased in pathological
series than on MRIL

We did not expect the largest volume reductions of lymph
nodes to be found in level I and V as these levels are most
distant form the primary high dose region. Apparently, the
amount of radiation dose does not influence the extent of
volume reduction. This is in line with our finding that
irradiated lymph nodes do not show larger volume reductions
than non-irradiated lymph nodes. An auto-immune response
in the whole cervical region induced by the radiotherapy
might be the main factor in the reduction of lymph node
volumes. Although ipsilateral lymph nodes show significant
larger volume reductions than contralateral lymph nodes,
these differences were small (largest difference in week 5:
—50% ipsilateral vs. —43% contralateral) and might be
coincidental.

We found the largest mean COM displacements of elective
lymph nodes in level V. Another study assessed mean COM
displacements during radiotherapy of separate lymph node levels
and reported smaller distances that also were largest in level V:
1.5+£0.6 mm in level Ib, 1.7 +£0.6 mm in level II, 2.1 £ 0.9 mm
in level III, 2.9 + 1.5 mm in level IV and 5.1 £ 2.0 mm in level V
(22). The smaller COM distances reported in that study might
be due to a different rigid registration technique or difference in
slice thickness. In our study, MRI scans were rigidly matched
using a box containing the lymph node levels and the spine at
the level of the primary tumor. A box around the whole elective
neck region might have resulted in smaller overall COM
displacements of lymph nodes. However, with this alternative
matching procedure, the match of the primary tumor might be
suboptimal and therefore not suitable for clinical use. Level V is
located near the shoulders of the patient where the fixation is
less robust than in the more cranial parts. Therefore, larger
COM displacements were found in this level. Based on these
findings, different radiotherapy margins could be applied for
elective lymph nodes based on which lymph node level they are
located in.

The COM displacement of elective lymph nodes was mainly
in cranial direction compared to the pre-treatment position,
where we expected COM displacement towards the center of
the body due to fat and muscle loss during radiotherapy. Such
specific displacements of elective lymph nodes might have
been missed as the rigid registration of MRI scans is not
precise enough. Another explanation is that during visual
inspection of all scans only one patient showed evident
reduction of fat and/or muscle during radiotherapy and
could not effect.
Anisotropic margins might be considered if the overall cranial

therefore we demonstrate such an
displacement of lymph nodes can be confirmed in our clinical
feasibility study in which the first patients will be treated with

elective lymph node irradiation.
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To obtain geographical coverage for 95% of all lymph
nodes, 7 mm contour expansion was required in case the
pre-treatment scan was used and 6.5 mm in case the scan of
used. We were not able to
demonstrate a large reduction of the expanded volumes

the previous week was

when using weekly plan adaptation. These findings will be
evaluated in our clinical feasibility study in which the first
patients will be treated with elective lymph node irradiation.
During the study daily MRIs will be obtained to see if
adaptive strategies are beneficial to reduce margins for
elective lymph nodes.

The contour expansions that were determined to obtain
geographical coverage are larger than the margins we use in
our clinic (3-5mm) around the conventional lymph node
levels to compensate for random set-up uncertainties (23, 24).
Still, the resulting irradiated volume is considerably smaller
than with the conventional lymph node level volumes.
Dosimetric coverage of the lymph nodes as function of the
radiotherapy margin will be further investigated to confirm
whether larger margins are necessary for the coverage of
elective lymph nodes.

Our study contains several limitations. Firstly, the volume
of elective lymph nodes could not be assessed when they were
only visible in one transverse slice. Small lymph nodes could
therefore be missed in our analysis. Acquiring MRI scans
with a thinner slice thickness could have made our
observations more precise. However, decreasing the slice
thickness with the same signal to noise ratio would
have increased the scanning time and consequently also
the patient burden. Secondly, we only obtained weekly MRI
of

nodes remain unclear and need to be examined before

scans.  Intrafraction  variations elective  lymph
elective lymph node irradiation can be implemented in
the clinic. Thirdly, although a large number of lymph
nodes was included, only 10 patients were examined in this

study.

Conclusion

In HNC patients during radiotherapy, on average 31
of the
remained visible in most lymph node levels and decreased

elective lymph nodes on each side neck
in size up to —50% in week 5. The displacement of elective
lymph nodes was the largest in lymph node level V
(52mm in week 5) and were mainly seen in cranial
direction. We were not able to demonstrate a favorable
effect of weekly adaptation of the radiotherapy plan for
elective lymph node irradiation. Based on our findings we
expect elective lymph node irradiation is achievable in the

clinic.
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