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FULL PAPER

Anatomic and dosimetric changes in patients with head and
neck cancer treated with an integrated MRI-tri-°°Co

teletherapy device

GOVIND RAGHAVAN, Bs, AMAR U KISHAN, MD, MINSONG CAO, PhD and ALLEN M CHEN, MD

Department of Radiation Oncology, University of California, Los Angeles, David Geffen School of Medicine, Los Angeles, CA, USA

Address correspondence to: Dr Allen M Chen
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Objective: Prior studies have relied on CT to assess
alterations in anatomy among patients undergoing radi-
ation for head and neck cancer. We sought to determine
the feasibility of using MRI-based image-guided radio-
therapy to quantify these changes and to ascertain their
potential dosimetric implications.

Methods: 6 patients with head and neck cancer were
treated with intensity-modulated radiotherapy (IMRT) on
a novel tri-®°Co teletherapy system equipped with a 0.35-T
MRI (VR, ViewRay Incorporated, Oakwood Village, OH) to
66-70 Gy in 33 fractions (fx). Pre-treatment MRIs on Fx 1, 5,
10, 15, 20, 25, 30 and 33 were imported into a contouring
interface, where the primary gross tumour volume (GTV)
and parotid glands were delineated. The centre of mass
(COM) shifts for these structures were assessed relative to
Day 1. Dosimetric data were co-registered with the MRIs,
and doses to the GTV and parotid glands were assessed.

INTRODUCTION

Radiation therapy plays a critical role in the management
of head and neck cancers with recent technological
advances improving its efficiency and safety. Intensity-
modulated radiotherapy (IMRT) allows high doses to be
conformed to target lesions, leaving adjacent normal tis-
sues relatively spared.' Improvements in image-guided
radiation therapy (IGRT) have simultaneously allowed re-
duction in planning margins, further reducing dose to
normal tissue and increasing confidence in the accuracy of
IMRT treatments.>’

Several studies have documented anatomical changes
during the course of IMRT in patients with head and
neck cancer, quantifying regression and spatial shifts of
tumours and organ at risk (OAR).*'° Interfractional
anatomical changes, in turn, can substantially alter
dose deposition, suggesting a benefit to adaptive
replanning.””'” However, adaptive replanning remains

Results: Primary GTVs decreased significantly over
the course of IMRT (median % volume loss, 38.7%;
range, 29.5-72.0%; p < 0.05) at a median rate of 1.2%/
fx (range, 0.92-2.2%/fx). Both the ipsilateral and
contralateral parotid glands experienced significant
volume loss (p <0.05, for all) and shifted medially
during IMRT. Weight loss correlated significantly
with parotid gland volume loss and medial COM
shift (0 <0.05).

Conclusion: Integrated on-board MRI can be used to
accurately contour and analyze primary GTVs and
parotid glands over the course of IMRT. COM shifts and
significant volume reductions were observed, confirming
the results of prior CT-based exercises.

Advances in knowledge: The superior resolution of on-
board MRI may facilitate online adaptive replanning in
the future.

to be widely adopted owing to its time-intensive nature
and an unclear threshold of anatomical changes required
for its posited benefit.'>'"'*** The aforementioned studies
of anatomical alteration during IMRT relied on CT imag-
ing, which might not provide optimal soft-tissue contrast/
resolution, leading to possible interobserver variability.”"**
MRI provides superior soft-tissue resolution,>*"*%%*
potentially allowing for a more accurate evaluation of
anatomical changes during IMRT.

Using a recently developed, commercially available tri-*’Co
teletherapy platform (VR, ViewRay Incorporated, Oak-
wood Village, OH), it is possible to obtain daily MR images
with an on-board 0.35-T MRL* The purpose of this study
was to use serial MR images to quantify anatomical
changes in gross tumour volume (GTV) and parotid glands
over the course of IMRT in patients with head and neck
squamous cell carcinoma (HNSCC) and assess the dosi-
metric consequences of these changes.
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METHODS AND MATERIALS

Patients, treatment planning and delivery

Six consecutive patients with HNSCC who were treated with
ViewRay (VR) from February to July 2015 were retrospectively
identified. Clinical information, including weight, was extracted
from the electronic medical record. This study was performed
with institutional review board approval (Institutional review
board 14-000340).

Each patient received IMRT via VR in 33 fractions (fx) with total
dosage to the primary GTV ranging from 66 to 70 Gy. Patients
were immobilized with a custom Type-S Head, Neck & Shoulder
thermoplastics AquaPlast masks to minimize setup variation.
Simulation scans were obtained on the VR without contrast.
Patient characteristics are shown in Table 1.

Imaging

Daily setup MRIs were acquired at 1.5-mm isotropic spatial
resolution and 172-s acquisition time using a balanced steady-
state coherent sequence (True fast imaging with steady state
precision (TrueFISP) sequence) before each treatment delivery.
This imaging was part of the normal patient setup protocol. No
online adaptive replanning was performed. Pre-treatment MRIs
on Days 1, 5, 10, 15, 20, 25, 30 and 33, along with planning
imaging, were obtained.

Contouring

All image sets were imported into MIM software (MIMvista Cor-
poration, Cleveland, OH) for contouring. Each fx imaging was
fused with the planning MRI. The primary GTV and the ipsilateral
and contralateral parotids were manually contoured on each axial
slice for every fx. For the purpose of this study, the GTV was
defined as the primary tumour only; grossly visible lymph nodes
were not included. All contouring was performed by a single in-
dividual (GR) and verified by a board-certified radiation oncologist
specializing in head and neck malignancies (AMC). Primary GTV
and parotid gland volumes were quantified using MIM.

Centre of mass assessment

To determine the centre of mass (COM) shifts of the primary
GTVs as well as the ipsilateral and contralateral parotid

Table 1. Patient clinical characteristics
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glands during treatment, daily imaging was fused with im-
aging from Day 1 in MIM. The COM on Day 1 was used as the
reference point and displacements relative to this fixed ref-
erence on subsequent fx were assessed in the mediolateral
direction. The COM from Fx 1, rather than the planning
MRI, was chosen as the reference point to reduce the impact
of any potential changes that occurred between simulation
and treatment initiation (<7 days). The COM was defined
automatically by the MIM software as the coordinates cor-
responding to the volumetric centre of the contour in
question.

Statistical analysis

Percent decrease in volume was calculated as: [(Volumep,y; —
Volumep,yss)/(Volumep,y)] X 100. Rate of volume loss as
a percentage of initial volume was determined as follows:
[(Volumep,y; — Volumep,ys3)/(32  fx)/(Volumep,y;)] X 100.
Because pre-treatment MRI was obtained on Day 33, the
analysis involved only 32 fx. The paired, two-tailed t-test was
used to assess differences over a course of IMRT, and Spear-
man’s correlation coefficient (R) was used to assess the strength
of all correlations.

Daily dosimetric data were imported from VR into MIM and
overlaid onto daily pre-treatment MRIs. For each fraction, the
mean dose and % of the ipsilateral and contralateral parotid
gland receiving >0.91 (30 Gy/33 fx) was then assessed. The % of
primary GTV receiving the prescribed dose each fx, dose/33 fx
(V1009) for the primary GTVs was determined.

RESULTS

Primary gross tumour volume changes

GTV changes over the course of IMRT are shown in Figure 1la.
GTV  decreased significantly (median, 38.7%; range,
29.5-72.0%; p < 0.05). Smaller tumours experienced less abso-
lute reduction than larger tumours. Median rate of volume loss
as a percentage of initial volume was 1.2%/fx (range, 0.99-2.2%/
fx). For non-recurrent tumours, median percentage volume loss
was 52.7% (29.5-72.0%) and reduction rate was 1.6%/fx
(0.92-2.2%/fx). For recurrent tumours, median percentage
volume reduction was 32.0% (31.6-45.4%) and rate of loss was

Patient . plé Dose Concurrent
Age | Gender Stage Site
number status (Gy)/fx chemotherapy
1 66 M T3N1MO/II Right BOT Positive 69.96/33 Yes
2 47 M T4aN1MO/IVA Left BOT Positive 69.96/33 Yes
3 73 M T4aN2bMO/IVA Left BOT N/A 69.96/33 Yes
Recurrent/ Left
4 21 F T4N1MO/IVA nasopharynx N/A 6600733 Mo
Recurrent/ Left
> 44 M TANOMO/IVA maxillary sinus N/A 6600733 No
Recurrent/ Right .
6 73 M TIN2bMO/IVA oropharynx Negative 66.00/33 No

BOT, base of tongue; F, female; fx, fraction; M, male; N/A, not available.
Patients on chemotherapy were given weekly cisplatin. P16 status was a marker for human papilloma virus status.
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Figure 1. (a) Primary gross tumour volumes (GTVs) on each treatment day are presented as a percentage of the initial volume on
Day 1. Volume loss was significant (p <0.05). (b) Centre of mass (COM) shift was reported as the magnitude of shift in the
mediolateral axis. Numbers in the figure legend correspond to patient numbers in Table 1.
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1.0%/fx (0.99-1.4%/fx). Median absolute COM shift on Day 33
relative to Day 1 was 0.65 mm (0-3.2 mm) (Figure 1b).

Parotid gland volume changes

Patient 6 had a prior parotidectomy, leaving only the contra-
lateral parotid gland. Significant volume reduction of ipsilateral
parotids occurred (p < 0.05) (Figure 2a). Median % volume loss
was 31.1% (2.3-43.9%) and median rate of volume loss was
0.97%/fx (0.07-1.4%/fx). Including only the base of tongue
tumours (Patients 1-3), median ipsilateral percentage volume
loss was 39.2% (31.1-43.9%) with a median relative reduction
rate of 1.2%/fx (0.97-1.4%/fx). The remaining two patients
experienced percentage volume reductions of 2.3% (rate: 0.07%/
fx) and 4.5% (rate: 0.14%/fx), respectively.

Contralateral parotid glands also shrank significantly between
the first and final fx (p <0.05) (Figure 2b), with a median
percentage volume loss of 21.8% (4.0-40.5%) and median
shrinkage rate of 0.68%/fx (0.12-1.3%/fx). Contralateral paro-
tids in Patients 1-3 and 6 had a median relative volume loss of
29.0% (20.3-40.5%) and a median relative rate loss of 0.91%/fx
(0.63-1.3%/fx). Patients 4 and 5 underwent contralateral parotid
volume shrinkage of 7.1% (rate: 0.22%/fx) and 4.0% (rate:
0.13%/fx), respectively. There was no significant difference in
volume loss between ipsilateral and contralateral parotid glands
during IMRT (p > 0.05).

Parotid gland centre of mass shifts

Both parotid glands generally shifted medially over the course of
treatment (Figure 2¢,d). By Day 33, there was a median medial
shift of 0.9 mm (—1.9-4.5mm) for the ipsilateral and 1.4 mm
(—0.4—4mm) for the contralateral parotid glands. Patient 5’s
ipsilateral parotid gland appeared to shift laterally, while the
contralateral parotids in Patients 4 and 5 shifted slightly laterally
by the end of IMRT. No significant difference was found be-
tween ipsilateral and contralateral parotid shifts (p > 0.05).

Weight loss correlation
Correlation between patient weight loss and anatomical
changes was determined by Spearman’s correlation coefficient

Absolute Primary GTV COM Shift
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(Figure 3). Weight loss correlated with percentage volume
loss of both parotids combined (R =0.72, p<0.05). Sepa-
rately, weight loss correlated with ipsilateral (R=0.9,
p <0.05) but not contralateral (R=0.49, p>0.05) parotid
gland volume reduction. Medial shift of both parotids
together correlated with weight loss (R=0.68, p<0.05)
while separately, neither ipsilateral nor contralateral shift
aligned with weight loss. Weight loss did not correlate with
GTV COM shift (R=0.43, p>0.05) or volume loss
(R=0.09, p=>0.05).

Dosimetry

Doses to the parotids and GTVs were determined for each fx
(Figure 4). Median difference between planning dose per fx and
administered mean dose at Fx 33 was 0.008 Gy (—0.06-0.18 Gy)
for ipsilateral and 0.01 Gy (—0.12-0.27 Gy) for contralateral pa-
rotid glands. For the % of parotid gland receiving >0.91 Gy
(30 Gy/33 fx) each fx, median difference between planned dose
per fx and administered dose at Fx 33 was 0% (—3.28-11.18%)
for ipsilateral and —0.07% (—9.6-26.7%) for contralateral
parotid glands. Regarding the primary GTVs, there was a median
difference in Vg9, between planned and administered dose at Fx
33 of 0.2% (—0.37-2.6%). No statistical significance was found
for these data. Planning dose to the parotid glands correlated with
percentage volume loss (R =0.76, p<0.01) (Figure 5).

DISCUSSION

This study used daily imaging from a novel tri-*’Co teletherapy
platform with integrated MRI to quantify the anatomic variation
occurring over the course of IMRT in patients with HNSCC.
Consistent with prior CT-based observational studies, we found
that the primary GTVs decreased in volume significantly by the
end of IMRT, with a median volume reduction of 38.7% and
a median rate of reduction of 1.2%/fx. The wide ranges indicate
that tumour response is not uniform and subject to un-
predictable patterns of regression.*®'%** Using daily CT scans,
Barker et al observed a median rate of loss for primary tumours
of 1.7% per day,* and Chen et al** found a mean % volume
reduction for human papilloma virus positive oropharyngeal
GTVs of 57.5%. Although limited by sample size, our study
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Figure 2. (a) lpsilateral and (b) contralateral parotid gland volume loss as measured on treatment Fractions 1, 5, 10, 15, 20, 25, 30 and
33, and volumes are plotted as a percentage of volume on Day 1. (c) Ipsilateral and (d) contralateral parotid gland centre of mass
(COM) shifts as measured in the mediolateral direction on treatment days relative to the COM on Day 1. A medial shift was
considered positive and a lateral shift negative when plotted. Numbers in the figure legend correspond to patient numbers

in Table 1.
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included two patients who were human papilloma virus positive
with base of tongue tumours and mean percentage reduction
of 50.1%, indicating similar findings. In one of the only
studies using MRI, Kamran et al*® similarly found that
primary tumour volumes declined by a median amount of
33% at 6 weeks (17-75%). We also observed that GTV
COMs shifted in a non-uniform pattern between fx likely
dependent on tumour location. Others also previously found
GTV COMs to shift throughout IMRT.*'* Differences in
findings may be due to imaging modalities, tumour charac-
teristics, variability in weight loss and heterogeneous treat-
ment plans.

In addition, the parotid glands diminished considerably in
volume by the completion of IMRT. Ipsilateral parotid glands
decreased by a median amount of 31.1% at a median rate of
0.97%/fx, while contralateral parotids declined by 21.8% at
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a rate of 0.68%/fx. In the majority of patients, it appeared
that the ipsilateral parotid gland shrank to a larger extent and
at a faster rate than the contralateral parotid gland, which
was expected owing to higher planned dose. Both planning
dose and weight loss correlated with parotid shrinkage, in-
dicating that the two factors combined to contribute to pa-
rotid gland volume loss. Lower planning dose, location
further away from the primary GTV and minimal weight
change accounted for the two patients (4 and 5) who did not
experience similar magnitudes of parotid gland shrinkage
as the others. Our results are in remarkable agreement with
prior studies, which reported median parotid shrinkage rates
of 0.6% per day (0.2-1.8% per day)* and 0.7% per day
(0.4-1.3% per day),” found a mean volume reduction of
30.2% (17.1-55.8%) for ipsilateral and 17.5% (15.6-48.5%)
for contralateral parotid glands’ and correlated parotid gland
shrinkage with both weight loss*” and planned dose.®

4 of 8 birpublications.org/bjr

Br J Radiol;89:20160624


http://birpublications.org/bjr

Full paper: MRI-teletherapy for head and neck BJR

Figure 3. Weight loss between Fractions 1 and 33 of intensity-modulated radiotherapy correlated with both parotid gland volume
loss (a) and parotid gland medial centre of mass shift (b) by Spearman’s correlation [for (a), R= 0.72 and p < 0.05; for (b), R=0.68
and p < 0.05]. Both ipsilateral and contralateral parotids were included in the correlation calculations and plots.
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Both ipsilateral and contralateral parotid glands generally shifted glands displace medially, likely owing to alterations in muscle
medially by the end of treatment. This finding is consistent with and fat distribution combined with changes in body mass
the literature, as multiple studies have identified that the parotid index.*”'° Barker et al' reported a median medial shift of

Figure 4. Dosimetric analysis was conducted in regard to the dosage received by the parotid glands and gross tumour volumes
(GTVs) over the course of intensity-modulated radiotherapy (IMRT): in (a) and (b), the mean dose administered to the
ipsilateral and contralateral parotid glands in each fraction (fx) is shown. Mean dose at treatment Fx O is the planned dose per
fx. In (c), the % of primary GTV receiving the prescribed dose each fx, dose/33 fx, (Vioo%) for the primary GTVs during IMRT is
displayed. Dose did not change significantly over radiotherapy (RT). Numbers in the figure legends correspond to patient
numbers in Table 1.
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Figure 5. Planned dose to the parotid glands correlated with
parotid volume loss by Spearman’s correlation (R=0.76 and
p <0.01). Both ipsilateral and contralateral parotids were
included in the calculation and plot.
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3.1 mm (—0.3-9.9mm), and Castadot et al'® determined ipsi-
lateral parotids to shift medially by a mean of 3.4 mm. Although
we saw similar trends, the overall medial shift was not as high
owing to the heterogeneous patient population. In addition, the
apparent lateral shift of the parotid glands in Patients 4 and 5
may be due to salivary stasis or inflammation. Overall, the
medial shift of the parotid glands correlated with weight loss,
confirming the findings of Barker et al.*

Other studies have attempted to correlate anatomic changes with
dosimetric analysis and discussed the potential benefits of
replanning in head and neck cancers.””'>'>'”!? As the parotid
glands shift medially during IMRT, they may be exposed to
higher than expected levels of radiation and consequently an
increased probability of xerostomia.>'®™'*'* Although several
studies have found that adaptive replanning may potentially
reduce dosage to the parotids, the appropriate means of selection
remain elusive.''>'>!”!” While our results did not identify any
significant changes in parotid dose over the course of IMRT, this
conclusion is limited by the heterogeneous patient population
and the lack of cumulative dosage data.

Regardless, there are several explanations for this finding. Others
have found that the medial aspects of the parotid glands stay
relatively fixed while the lateral parts shift medially.>*® In this
scenario, if the medial lobe of the parotid gland were already in
a low-dose region, the overall change in parotid dosimetry
would be negligible. Furthermore, tight planning margins were
used such that even if the parotid glands shifted medially, they
may not have entered a high-dose region. Finally, it is possible
that the precise IGRT afforded by the VR’s daily MRI capabilities
allowed for improved registration to the primary tumour,
thereby limiting unanticipated doses to OARs. Enhanced IGRT
could also explain why Vg9, to the GTV was maintained.

Although some studies show adaptive replanning to be clin-
ically beneficial,'®'®?° the technique has not been widely

Raghavan et a/

adopted largely owing to its resource and time-intensive
nature. In addition, a consensus does not exist as to who
would clinically benefit from replanning.'®'"'®'*2% Based on
the dosimetric results of our study, it is unlikely that uni-
formly recommending adaptive replanning would have
resulted in clinical benefit with regard to the parotids and
primary GTVs. However, our population was quite hetero-
geneous, and it is uncertain whether the same conclusion
regarding the dosimetric impact would have been reached
without the added benefit of MRI-guided IGRT and tight
planning margins.

The topic of geometric distortion is an important issue to be
addressed when using MRI for contouring and treatment
planning. As presented in the recent review article by Weygand
et al,”” the geometric distortion is a function of the magnetic
field strength and gradient strength, i.e. higher magnetic field
suffers larger geometric distortion and increased gradient
strength results in reduced geometric distortion. As shown by
Stanescu et al,’® the maximum distortion at nasal sinus air
cavities is about 0.6 mm for a 0.5-T magnetic field with a gra-
dient strength of 5mTm™".>° The VR MRI system has a smaller
magnetic field (0.35T) with a much higher gradient strength
(18 mTm ™ ').?° It is reasonable to believe that the magnetic
susceptibility-induced geometric distortion for the MRI system
used in the study is not a major concern for contouring.
Nonetheless, it is possible that the overall system and patient-
related geometric distortion introduced uncertainty, as mean
distortions of 2.2 mm have been documented at field strengths
as low as 0.2 T.”" Algorithms to mitigate this effect have been
developed and evaluation of this will be the subject of future
study.”® Phantom measurements were also performed on our
system, and the results indicated geometric accuracy of 1 mm
within the 20-cm imaging field of view for head and neck
imaging.

This study had several limitations. First, the sample size was
small. However, all patients with HNSCC treated with the VR
in this consecutive series were included. Second, some studies
have suggested that the submandibular glands, rather than the
parotid glands, are the relevant OARs for xerostomia.’
As most prior studies on anatomic changes during radiother-
apy have focused on the GTV and parotid, we similarly focused
on these targets for the purposes of comparative analysis.
In future work, we will examine dosimetric changes to the
submandibular gland as well. In addition, the tumours were
heterogeneous, which may affect radiation response. Tumour
volumes were contoured based on visual appearance on MRIs.
However, no functional imaging was performed, which could
lead to a better understanding of tumour regression and im-
proved volume determination. Finally, although MRI provides
superior soft-tissue resolution, manual contouring does not
allow for 100% accuracy. Even with 1.5-3-T strength MRIs, it
can be challenging to discern the margin of infiltrative
tumours, particularly in the presence of treatment-induced
inflammation. The uncertainties introduced by this issue are
likely tempered somewhat by the fact that all contours were
approved by a single radiation oncologist specializing in head
and neck malignancies.
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CONCLUSION

This study was among the first to use daily MRIs to quantify the
ongoing interfraction anatomic changes among patients re-
ceiving IMRT for head and neck cancer and demonstrates the

BUR

feasibility of this technology for future work. The data indicate

that anatomic changes take place, particularly with respect to the
primary tumour volume and parotid glands, during IMRT but
significant dosimetric shifts were not always apparent.
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