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Article history: During exclusive curative radiotherapy for head and neck tumors, the patient’s organs at risk (OAR) and
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Available online 9 March 2019 to define the optimal time for replanning, and 2) the subsequent workflow is time-consuming.

We designed a prospective study to evaluate 1) the validity of automatically deformed contours on the
daily MVCT, in order to safely use the “dose-of the day” tool to check daily if replanning is necessary; 2)
the automatically deformed contours on the replanning CT and the time gained in the replanning work-
flow.

Forty-eight patients with T3-T4 and/or involved node >2 cm head and neck squamous cell carcinomas,
planned for curative radiotherapy without surgery, will be enrolled. They will undergo treatment with
helical IMRT including daily repositioning MVCTs. The contours proposed will be compared weekly on
intermediate planning CTs (iCTs) on weeks 3, 4, 5 and 6. On these iCTs both manual recontouring and
automated deformable registration of the initial contours will be compared with the contours automat-
ically defined on the MVCT. The primary objective is to evaluate the Dice similarity coefficient (DSC) of
the volumes of each parotid gland. The secondary objectives will evaluate, for target volumes and all
OARs: the DSC, the mean distance to agreement, and the average surface-to-surface distance. Time
between the automatic and the manual recontouring workflows will be compared.
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Oncology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
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1. Introduction

The prognosis of locally advanced head and neck (H&N) cancer
patients has improved over the last few decades with better remis-
sion rates and local tumor control, thanks to the improvement of
diagnostic imaging, surgical and radiotherapy techniques. There
is a trend toward a wider use of exclusive radiotherapy with or
without concomitant chemotherapy, in a curative intent for locally
advanced oropharyngeal, hypo-pharyngeal or laryngeal tumors
[1,2]. Moreover, the increasing number of HPV induced oropharyn-
geal carcinomas and their excellent prognostic with exclusive
radio-chemotherapy increased the proportion of these non-
surgical treatments.

The management of these locally advanced tumors must now
take into account the patient’s quality of life in the long term.
The development and use of IMRT has resulted in better quality
of life and decreased late toxicity by protecting healthy tissue
and organs at risks [3-5], particularly salivary glands.

Image guidance facilitates precise patient positioning, thereby
allowing a decrease of PTV margins. However, this highlights the
need to address questions regarding anatomical changes during
treatment [6]. Indeed, complex and progressive changes of the
patient’s anatomy occur during the seven weeks of treatment in
the curative setting. The patient’s external contour is modified in
the case of weight loss and the morphology of organs at risk may
also change. In particular, the parotid and submandibular salivary
glands can shrink and migrate medially [7]. The parotids have been
described to lose between 5 and 32% of their volume at mid-
treatment and 13-41% by the end of treatment. [8] In a prospective
study, Castelli et al. described an average increase of 3.7 Gy to the
parotids with an average increase of 8.2% of the risk of xerostomia
[9]. Similarly, gross tumor and pathological lymph nodes may also
respond early during treatment - a decrease in GTV was estimated
between 21 and 75% by the end of treatment [8,10]. Significant
dose delivery differences may arise from these anatomical changes
because of the steep dose fall-off inherent in the IMRT technique,
and the actual delivered dose may not correspond to the planned
dose [11]. The consequences can be an increase in delivered doses
to the organs at risk (OAR), and/or a decrease in the delivered dose
to the tumor, resulting in an increased risk of toxicity and/or recur-
rence [12].

Adaptive radiotherapy (ART) can be defined as all the processes
that contribute to the modification of a treatment plan based on
the observation of individual variations during the whole treat-
ment. ART is becoming a major area of investigation in modern
radiotherapy [13], aiming to optimize the delivered dose distribu-
tion to the daily anatomy of the patient based on the anatomic
variations during the treatment. In case of significant variations
in planned dose to OARs or PTVs, replanning is performed. The
right timing should be personalized as theses variations are non-
linear. A recent literature review analyzed 8 in silico studies and
5 clinical studies: ART decreased dose to the parotid gland from
0.6 to 6 Gy and maximum dose to the spinal cord form 1.1 to

Table 1
Current trials of head and neck ART on clinical trials.gouv (September 2018).

4 Gy. The conclusion is that largest early anatomical and dose vari-
ations are the best candidates for ART [14,15]. A study using
weekly CTs for 85 patients describes non-linear parotid gland
shrinkage with a preponderance of anatomical changes during
the first half of treatment [16].

Currently, at least five ongoing prospective clinical trials
(Table 1) on adaptive radiotherapy are recruiting with different
re-scanning schedules, all of them based on new planning CTs.

ART strategies require many additional steps as compared with
a standard treatment workflow: multiple simulation CTs, CT regis-
tration, re-contouring, new provisional dosimetry and finally
decision-making before applying a new treatment plan. This
time-consuming workflow limits routine implementation in many
centers. Hence, development of automated adaptive tools is crucial
for the assessment and deployment of this technique.

The most recent radiation therapy delivery systems provide
built-in hardware and software capabilities for daily ART. Accuray©
(Sunnyvale, CA) recently released such tools for use with TomoTher-
apy systems. With the adaptive radiotherapy software (Pre-
ciseART™), a dose-volume histogram comparison between daily
administered dose and planned fraction dose called “dose-of-the-
day” is then available. At one time-point of the treatment, it can also
compare the total dose that was planned with the sum of “dose of
the day”, and can project the dose for the whole treatment with
the hypothesis of an unchanging anatomy since the last fraction
delivered, called “projected total dose” (see Fig. 1). A recent publi-
cation by Branchini et al. described that “dose of the day” distribu-
tions calculated on deformed CTs proved to be statistically
equivalent to the calculated dose on the same day KvCT, validating
the methodology of deformable dosimetry [17]. This approach
may allow detection of delivered dose variations to the tumor and
organs at risk and offers a decision-making tool for re-planning if
the dose constraints are not reached due to anatomical changes.

If re-planning is needed, based on a modified projected total
dose of one or several OARs above the constraints, a replanning
tool (PreciseRTX™) provides immediate deformable co-
registration of both planning CTs and contours (see Fig. 2).

A fast and trustworthy method of automatic contour deforma-
tion on MVCT will allow the implementation of adaptive radiother-
apy into daily practice. However, three questions arise when
considering ART on a daily use: Who might benefit from ART?
When should we consider ART? How should we implement ART?
These questions prompted us to design a prospective monocenter
phase II study, the GIRAFE trial.

First, which patients can clinically benefit from this approach
the most? Not all patients need an ART strategy. This question
has already been addressed and we may assume that ART is partic-
ularly indicated for patients with large tumors and patients with
small parotids, two categories of patients who present a high risk
of CTV under-dosage with parotid over-dosage [13,18]. We will
then evaluate this method for patients with onsite voluminous
tumors or nodes and take into account the analysis of the initial
parotid volume.
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Fig. 1. The process begins with an automated rigid alignment, possibly manually corrected if needed, between the reference planning CT(A) and the daily in-room MVCT (B).
The planning contours (dark cyan for the right parotid and dark blue for the left parotid) are overlaid to the daily MVCT to verify setup accuracy and to evaluate if there are
changes in current anatomy relative to baseline. A deformable image registration can be performed to propagate original planning contours onto current anatomy. Both rigid
and deformed contours are available simultaneously and automatically. The deformed contours are used by default (B) in yellow for the right parotid and pink for the left
parotid on the images. Then a dose-of-the day is proposed (C) showing the dose difference between OARs, the plain line is for the initial contours, the dotted line for the
deformed contours on the MVCT. Here we see a dose difference for the right (blue) and left (pink) parotid due to their shrinkage. (For interpretation of the references to colour

in this figure legend, the reader is referred to the web version of this article.)

Secondly, when and how many times should we consider re-
planning? The frequency of re-planning is not well defined yet in
the literature. In a recent review, Brouwer et al. [19] cited at least
38 studies evaluating volume variations during RT with different
set-up. One to seven intermediate CT and re-plans were used. In
general in our clinic we rarely observe anatomical changes within
the first two weeks; and replanning on the last week of treatment
for a few fractions is not justified. Hence, to answer this question,
we decided to acquire four re-planning CTs (iCTs) before the 3rd,
4th, 5th and 6th week of treatment. Each iCT will be compared
with the daily in-room MVCT systematically acquired as IGRT
before daily Tomotherapy treatment [20].

The last question is “How should we proceed for ART in order to
avoid a time-consuming, complex and unwieldy process?” Two key
components for this are automatic deformation and re-planning
automatization. Before considering an implementation of ART
workflow in clinical setting, the tools described above must be val-
idated for deformable image registration and volume adaptations
on low-definition imaging such as MVCT [21] and for contour
deformation on the new planning CT.

In order to use the “dose of the day” tool, we will perform a
study to evaluate the automatic DIR and the subsequent contour
deformation propagations on MVCT by comparing them with the
gold standard method, which is manually delineated parotid
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Fig. 2. If re-planning is indicated, the gold standard is to rigidly register the re-planning CT with the initial CT and correct slice by slice the co-registered initial contours.
Another possibility to be evaluated in this study is to transfer the re-planning CT into the PRECISE RTX console where a deformable registration is performed on initial CT (A,
C) with propagation of the initial contours (A, C) to the registered new CT: the resultant contours on the re-planning CT are shown on B and D, in axial (AB) and coronal planes

(CD).

glands from an iCT. The secondary goal will be to evaluate the
newly delineated volumes of the other organs at risk with the
automated DIR after each MVCT and each re-planning CT. The time
needed for every step of this workflow will be recorded. The ulti-
mate goal is to define a clinical workflow for ART for head and neck
cancer, defining the scenarios of the “How?” and the “When?”

2. Methods
2.1. Study design

The GIRAFE study will be a monocenter open-label phase II
prospective study, taking place in our hospital, Institut Claudius

Regaud, at the Institut Universitaire du Cancer de Toulouse-
Oncopole (IUCT-Oncopole) which is dedicated to cancer care.

2.2. Eligibility criteria

Patients with histologically proven locally advanced H&N can-
cer with nodal involvement (at least T3 or involved node >2 cm)

in curative intent with an Eastern Cooperative Oncology Group
performance status O or 1 will be enrolled. Exclusion criteria
include metastatic disease, adjuvant treatment and recurrent dis-
ease, unfit patients due to comorbidities, pregnant women, and
inability to follow procedures during treatment or follow-up.

2.3. Treatment preparation procedures

Pre-therapeutic imaging assessment will include FDG-PET and
MRI for patients with oropharyngeal and nasopharyngeal cancer
(T2-weighted and gadolinium injected T1-weighted sequences).

The initial Planning CTs (CTO) will be performed with and with-
out intravenous iodine contrast agent, using 2.5 mm slice thickness
from the vertex to the diaphragm, with a five-point immobilization
mask.

Target volumes will be delineated based on international rec-
ommendations [22,23] after manual rigid registration with the
PET planning CT and an MRI if available.

Two target volumes will be defined: CTV70 corresponding to
the gross tumor volume and the positive lymph nodes with a
5 mm 3D margin corrected to the air and bones free from tumor
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invasion, CTV56 corresponding to the low risk microscopic spread
volume. The planning target volumes (PTVs) will be created by
expanding CTVs by a 3 mm 3D margin.

Delineated organs at risk (OAR) will include at least the right
parotid, left parotid, right submandibular salivary gland, left sub-
mandibular salivary gland, brainstem, spinal canal, mandible, oral
cavity, pharyngeal constrictors and larynx [24].

Target volumes and OARs manual delineation will be validated
by the radiation oncologist in charge of the patient.

International recommendations for dose prescription and OAR
dose constraints will be applied: 95% of the PTV must be covered
by the 95% isodose line, 98% of the PTV must be covered by the
90% isodose line according to ICRU83.

Dose constraints for OARs will follow published values: Parotids
Dmean <26 Gy for at least one parotid, submandibular salivary
glands out of fields Dmean <42 Gy, brainstem Dmax <50 Gy, spinal
canal Dmax <45 Gy, oral cavity Dmax <70 Gy and Dmean <45 Gy
(except for larynx cancers where Dmean <30 Gy), larynx in extra-
laryngeal location Dmean <25 Gy with D5% <45-50 Gy if possible,
constrictor muscles Dmean <50 Gy [20]. Simultaneous integrated
boost with helical intensity-modulated radiotherapy will be deliv-
ered in 35 fractions, 5 fractions a week for 7 weeks and not modi-
fied unless it appears necessary.

Each patient will undergo four weekly intermediate non-
contrast CTs starting at the third week of treatment (iCTw3 to
iCTw6) with the same protocol as CTO. This frequency is chosen
because during the first two weeks changes in the tumor size or
weight are exceptional and in the 7th week, re-planning is not fea-
sible. The need for a new immobilization mask will be evaluated
before performing each iCT. For each iCT, CTVs and OARs will be
manually delineated. The additional dose received from these four
CTs is evaluated at Computed Tomography Dose index in the vol-
ume (CTDIvol) of 15mGy and dose-length-product (DLP) of
600 mGy cm and considered negligible compared to the 70 Gy
delivered to the tumor.

The image-guided radiotherapy (IGRT) modality will consist of
a daily MVCT - a daily 3 mm positioning tolerance will be
accepted. MVCT will be performed in « normal » quality except
for the days of intermediate CTs when the patient will be placed
in treatment position with a MVCT in « fine » quality. In that case
the maximal absorbed dose will be 3 cGy.

As in our usual clinical routine, the referring radiation oncolo-
gist will decide whether a re-plan is warranted based on clinical
MVCT and iCT criteria. This will not impact the endpoint of the
study, as all contours comparisons will be done on the same date
between MVCT and iCT, after completion of the treatment.

Concomitant chemotherapy or targeted therapy may be pro-
posed according to the recommendations of the tumor board. We
will avoid acquiring the iCT during the first, second or third day
of concomitant chemotherapy as hydration during chemotherapy
was described as inducing geometric changes in parotid glands
(mean variations of 7.2%, 10% and 7% respectively) [25].

Patients who need emergency surgery will be excluded from
the study.

3. Experimental intervention
3.1. Contours

Anatomical structures will be delineated manually on CTO and
on the 4 intermediate KvCT, i.e. iCTw3, iCTw4, iCTw5 and iCTwe6.
All manual delineation on planning CTO and iCTs will be performed
after the end of the whole treatment by the same experienced
junior radiation oncologist. All image registrations and contours
on CTO and iCTs will be validated by the senior radiation oncologist

coordinator of the study with a double check by another head and
neck experienced senior radiation oncologist.

The initial volumes contoured on CTO are propagated to each
daily MVCT using automated DIR within PreciseART. The accuracy
of this automatic deformable volume definition on MVCTs will be
assessed by comparison to the manual volumes delineated on
the 4 iCTs.

An additional comparison will be made between manual re-
contouring on iCT and deformable propagation of the contours
from CTO to iCTw3, iCTw4, iCTw5, iCTw6 using automated DIR
on PreciseRTX.

All comparisons will use The Dice Similarity Coefficient (DSC) to
compare the volumes. Ideally, when two volumes overlap per-
fectly, the DSC equals 1. A null DSC would correspond to two dis-
joint volumes. The DSC between a volume A and a volume B is
defined as follows:

DSC = (2 + (ANB))/(A+B).

The DSC will be calculated between manual and automatic vol-
umes the day of each iCT, and also for each treatment day, for all
OARs and for gross tumor volumes if possible [26].

3.2. Statistical analysis

In a previous study, Goldberg-Zimring et al. suggested that the
satisfactory volume matching should be 70% (DSC of 0.7) or more
for brain target volumes for adaptive radiotherapy application
and Tong et al. described an average DSC for parotids of median
0.835 when comparing manual segmentation with deep neural
network segmentation method on volumetric CT scans [27,28].

The primary endpoint of this study is to evaluate the proportion
of patients presenting with a DSC >0.85 for both left and right par-
otid glands with MVCT deformed contours compared with the gold
standard of manual contouring.

The following hypotheses are used for p0 = 80%, maximal unac-
ceptable rate of patient with comparison success for whom the
automatic recontouring on the MVCT after deformable registration
will be considered as insufficiently feasible, and p1 = 95%, minimal
acceptable rate of patients with comparison success for whom the
automatic recontouring on the MVCT after deformable registration
will be considered as sufficiently feasible.

Using a A’Hern design (alpha=2.5% 1-beta=90%) and
(p0 =80%; pl1=95%), 48 patients evaluable need to be included
[29].

The secondary endpoints are:

- The evaluation of DSCs for all other OARs

- The evaluation of the distance between centers of gravity for all
OARs and target volumes

- The analysis of surface-to-surface distance of the OARs

- The difference in time for automatic deformable contour seg-
mentation vs manual segmentation.

4. Conclusion

A key challenge for adaptive therapy is the determination of the
optimal time for replanning. A daily MVCT and “dose-of-the-day”
potentially offers an efficient workflow for plan adaptation.

In our method, contouring differences could be caused by fac-
tors other than MVCT image quality and deformation accuracy,
such as:

- Variability in contouring between contourers or the same con-
tour over time
- Issues with the rigid registration between the MVCT and the iCT
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The study attempts to control for these effects by having the
senior reviewers check all contours and registrations to elimi-
nate/minimize variation due to these factors.

If we validate the approach used, a quick daily check of the tar-
get volumes and organs at risk daily dose and cumulated doses
should allow the physician to decide the proper timing for replan-
ning. Moreover, if we validate the automatic deformable recon-
touring on the iCT, we could describe an efficient workflow in
order to keep maximizing clinical control without jeopardizing
quality of life.
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