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OBJECTIVE

Movement in early-stage laryngeal radiotherapy is an important factor in the success of the treatment.
Thyroid cartilage may move by swallowing, breathing, sound production, and reflexes. During the treatment, the intra-fraction target movement was monitored by CBCT scans. In this study, we investigated
the effects of laryngeal movement on the target volume.
METHODS

CT scans were performed to 16 patients with maximum neck extension and treatment plans were prepared with VMAT fields with 6MV energy. CBCT scanning was performed to all patients before the
treatment and necessary corrections were made. Then, simultaneous intrafraction CBCT scanning with
the VMAT field was performed during the treatment. When the treatment field was over, the deviation
amounts between CT and CBTC in the lateral, vertical and longitudinal axes were determined.
RESULTS

The deviation amount ≤ ±0.1cm was determined with 293 fractions in the lateral axis, 260 fractions in
the vertical axis and 263 fractions in the longitudinal axis. Maximum deviation values were determined
as 0.2 cm in the lateral axis, 0.5cm in the vertical axis and 0.5cm in the longitudinal axis. If the treatment
has a 0.2cm CTV-PTV margin (for 305 fractions), treatment can be performed at a confidence interval
of 100% on the lateral axis, 96.1% on the vertical axis and 94.1% on the longitudinal axis.
CONCLUSION

With the help of intra-faction monitoring, we are able to adjust the target margins and doses more precisely in laryngeal radiotherapy, especially for stereotactic treatment. To reduce possible movements in
laryngeal radiotherapy, a maximum neck extension should be performed.
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Introduction

Early-stage glottic carcinomas are usually confined to
the glottic region and are known to be highly localized
as there are no lymphatic vessels in the true vocal cords.
[1,2] These cancers are normally limited to the mucosa
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without the involvement of the underlying muscles due
to the presence of Reinke’s space (superficial lamina propria).[3] Early-stage glottic cancer can be improved by
radiotherapy (RT), laser surgery, and surgery; each of
these modalities being equally successful concerning local control and cure rates.[4,5] RT is typically delivered
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via parallel-opposed beams to doses between 60 and
70Gy. Recently, highly conformal techniques, such as intensity-modulated radiotherapy (IMRT) or volumetricmodulated arc therapy (VMAT), have been introduced;
however, geometric accuracy has become very critical
parallel to the developments in treatment. Modern RT
has become a highly complex and precise treatment
process with the new imaging modalities, delivery systems, and patient immobilization devices. These technological advances have made it possible to reduce the
dose for normal tissue structures and consequently to
minimize the risk of toxicity and morbidity, while allowing for dose escalation to the tumour volumes, potentially leading to improved local control.[4-6]
The success of RT treatment is directly related to the
delivery of the treatment. Daily set-up variations and
internal organ motions may lead to changes in dose
distribution and target misalignment. Therefore, all uncertainties with a potential effect on the outcome of the
treatment must be determined. The effects of these uncertainties on the planned dose distribution must be as
low as possible since the possible mistakes that are to be
caused by these uncertainties may change the outcome
of the treatment.[7,8] To take these uncertainties into
account, appropriate margins around the CTV are used
to ensure adequate target coverage. This could result in a
significant increase in the irradiated volume and, therefore, a significant additional exposure to healthy tissue.
To reduce daily treatment variations, image-guided
radiation therapy (IGRT) technology, which provides
real-time geometric and anatomic information in the
treatment position, has been widely adopted. The reason behind the preference of IGRT is that it increases
survival rates and reduces complications by increasing
RT precision and accuracy. The concurrent clinical benefit of IGRT for the patient is its ability to monitor the
changes in the position and status of the tumour and the
patient, which can occur during the course of radiation
treatment and to adjust beam delivery accordingly.[7,8]
In general, intrafraction adjustments can be grouped
into two categories: online and off-line. An online correction takes place when corrections or actions occur
at the time of radiation delivery based on predefined
thresholds. An off-line approach refers to target tracking
without immediate intervention.[7,8] In our study, the
movement of the target was considered during irradiation through an off-line approach.
Along with the developing technologies and techniques, the trend towards hypofractionated treatment
is increasing. In early stage laryngeal radiotherapy, hypofractionated treatments are an advantageous treat-
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ment in regards to both shortening of the treatment
period and increasing local control.[9,10] In our study,
the laryngeal motion was limited to maximum neck
extension. Thus, motion management for hypofractionated and stereotactic treatment was determined
and also the reliability of safety margins given to PTV
during treatment was investigated.
Materials and Methods

For 16 patients, a three-dimensional planning CT scan
was acquired using a multi-slice CT scanner (Biograph
mCT, Siemens Medical Solutions) with a 1 mm slice
thickness. In our scan protocol, patients were positioned with the neck extension and a head-neck mask
was made. Target volume and organ at risk were contoured. The planning target volume (PTV) was created by adding a 0.2-0.3 cm isotropic margin around
the CTV. According to the Monaco 5.11 treatment
planning system, plans were performed using VMAT
fields of 200° or 360° at 6 MV energies. In the plans, the
Monte Carlo algorithm with a dose to medium mode
was performed at a grid size of 0.2 cm. Table 1 shows
the planning data of 16 patients.
The patients were irradiated in Elekta Versa HD
(Elekta, Crawley, UK). This linear accelerator can deliver flattened photon beams (6MV, 10MV, 15MV),
flattening filter-free (6MV-FFF, 10MV-FFF) photon
beams as well as electron beams. The agility collimator
system has a 160 Multi-Leaf Collimator (MLC) system.
The MLCs have a width of 0.5 cm, an effective speed of
6.5 cm/s, and leakage of 0.5%.
In our study, the IGRT system was used as the Elekta
X-ray Volume Imaging (XVI) (Elekta, Stockholm, Sweden). A kilo-Voltage Cone Beam computed tomography (kV-CBCT) image set consisting of several twodimensional projection images acquired at different
positions around the patient and reconstructed into
a 3D volume. XVI system kV-CBCT three-axis image
was obtained. The planning CT and CBCT images were
compared in XVI and couch shift values in x, y, z and
pitch, roll, yaw directions were determined. The necessary couch angle and shift values were set in six dimensions by hexapod couch.[11]
In each fraction, the initial setup was obtained by
aligning lasers with pencil markings on the mask. For
each patient, two CBCT scans were performed daily.
After setting up the patient on the treatment couch
with room lasers, the first scan was performed and registered to the reference CT using the thyroid cartilage
as the matching structure. In our clinic, according to
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Table 1

Patient characters and plan data

		

Dose (Gy)

Fraction

Technic

Stage

Location

Patient 1
Patient 2
Patient 3
Patient 4
Patient 5
Patient 6
Patient 7
Patient 8
Patient 9
Patient 10
Patient 11
Patient 12
Patient 13
Patient 14
Patient 15
Patient 16

54/66/67.5
54/60/70
60/66
60/66
54/60/70
60/54
54/60/74
54/60/70
54/60/70
54/60/70
60/67.5
52.5/60/66
63
57.6
57.6
57.6

30
33
30
30
33
30
33
33
33
33
30
30
28
16
16
16

VMAT-SIB
VMAT-SIB
VMAT-SIB
VMAT-SIB
VMAT-SIB
VMAT-SIB
VMAT-SIB
VMAT-SIB
VMAT-SIB
VMAT-SIB
VMAT-SIB
VMAT-SIB
VMAT
VMAT
VMAT
VMAT

T3N0M0
T2N0M0
T1bN0M0
T1N0M0
T2N0M0
T3N0M0
T2N0M0
T2N0M0
T2N1M0
T2N0M0
T1bN0M0
T2N0M0
T1bN0M0
TisN0M0
T1bN0M0
T1aN0M0

Glottic
Glottic
Glottic
Glottic
Glottic
Glottic
Glottic
Glottic
Glottic
Glottic
Glottic
Glottic
Glottic
Glottic
Glottic
Glottic

VMAT: Volumetric-modulated arc therapy; SIB: Simultaneous integrated boost

XVI “head and neck” Protocol (100 kV, 18.3 mAs), 2D
portal projections were taken in a 200° gantry angle
range, and 3D volumes were constructed. In the second
scan, a 2D projection was scanned on the XVI system
synchronously with the VMAT field during the treatment and 3D images were obtained. According to the
XVI “intrafraction” Protocol (120 kV, 146.4 mAs), 2D
portal projections were scanned at 200° or 360° angle
and 3D images were obtained. In the second scan, the
intrafraction CBCT was matched with the reference CT
and the amount of thyroid cartilage movement during
the treatment was determined. Deviations in the leftright (LR), craniocaudal (CC) and anterior-posterior
(AP) directions were obtained. Thus, any motion that
could occur in the target volume during irradiation
was detected (Fig. 1).
Results

This study investigated intrafractional movements
through CBCT scanning in 305 fractions for 16 patients during treatments. Real-time tumour guidance
was performed by concurrent intrafraction CBCT
scan at the beginning of the treatments. When the
treatment was completed, the cartilage position was
checked again, and positional deviations were determined in three directions. These deviations are shown
in Table 2.
Generally, a deviation of less than 0.1 cm was observed in the LR, CC and AP directions during the

Fig. 1. CT, intrafraction CBCT, and matched images.

treatment. The vertical and longitudinal directions
showed a higher deviation than the lateral direction.
Absolute averages (plus and minus direction independent) were determined as 0.022±0.04 cm in the
LR direction, 0.064±0.09 cm in the CC direction and
0.077±0.08 cm in the AP direction. Absolute maximum deviation values (plus and minus direction independent) were 0.2 cm in the LR direction, 0.5 cm in the
CC direction, and 0.5 cm in the AP direction. Figures
2, 3, and 4 show the directions and quantities of deviation in 305 fractions.
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Table 2

Fraction numbers according to deviation amounts in three axes
Left-right

Cranio-caudal

Antero-posterior

6
293
6
-

4
8
20
263
4
5
1

1
8
23
260
10
2
1

a>+0.3 cm
+0.2 cm<a≤+0.3 cm
+0.1 cm<a≤+0.2 cm
+0,1 cm≥a≥-0.1 cm
-0.2 cm≥a>-0.1 cm
-0.3 cm≥a>-0.2 cm
a<-0.3cm

Deviation (mm)

0.5
0.3
0.1
-0.1
-0.3
-0.5
Fraction no

Fig. 2. Lateral deviations in 305 fractions.

0.5
Deviation (mm)

0.3
0.1
-0.1
-0.3
-0.5
Fraction no

Fig. 3. Longitudinal deviations in 305 fractions.

Discussion

Intrafraction guide in laryngeal radiotherapy allows
us to adjust target margins and target dose more precisely, especially for stereotactic treatments and controls
the maximum deviation of the target for each fraction.
Although the image quality of pre-treatment-CBCT and
intrafraction-CBCT scans were lower than the image
quality of planning CT, generally, a deviation of less than
1 mm was observed in the LR, CC and AP directions
during treatment. In Kwa et al.’s[12] study, single vocal
cord of T1a for inter and intra-tracheal target motions in
laryngeal tumours for 42 patients was examined. It was
found that 3 mm, 5 mm and 3 mm PTV margins were

added in sufficient image guidance and LR, CC and AP
directions to ensure excellent target coverage in a single
vocal cord. In Kauweloa et al.’s[13] study, the respiratory-induced larynx movement in the HYDRA (Phase 1
Trial of Stereotactic Hypo-fractionated Radio-ablative
Treatment of Laryngeal Cancer) studies was examined.
This study aimed to evaluate laryngeal movements by
four-dimensional computed tomography and breathhold technique and to determine PTV margins. The laryngeal motion on daily CBCT images was obtained as a
maximum of 7.21 mm. Although daily treatment verification for breath-hold patients was up to 7.21 mm interfaction laryngeal movement, intrafractional larynx mo-
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Deviation (mm)

0.5
0.3
0.1
-0.1
-0.3
-0.5
Fraction no

Fig. 4. Vertical deviations in 305 fractions.

tion was less than 2.1 mm. In our study, we observed less
intrafraction movement with maximum neck extension.
Baron et al.’s[14] study aimed to determine the setup errors and the required CTV-PTV margins depending on
the larynx movement. In this study, images of 7 HNC
patients who received radiation therapy with daily CT
monitoring were used. Daily patient CT on rails scans
were imported into a treatment planning system, and
both C5 and the thyroid cartilage were auto-segmented.
The average mean displacement for each anatomical
point was 4.1 mm (range, 2.7-5.1), the average systematic error for each point was 1.2 mm (range, 0.86-1.5),
the average random error for each point was 2.1 mm
(range, 1.3-2.8), and the average CTV-PTV margin for
each point was 4.4 mm (range, 3.3-5.7). Larynx motion is a significant cause of RT setup/delivery error in
HNC when the larynx is either in a CTV or OAR. The
need for uniform expansion of at least 6 mm to compensate for larynx motion was estimated. In Gangsaas
et al.’s[15] study, the variation of inter-faction setup for
primary tumours, elective nodes and vertebrae in laryngeal cancer patients were investigated and the validity
of CBCT guided correction protocols was examined.
Because of the poor correlation between displacements
of the primary CTV and the vertebrae, even with daily
online repositioning of the vertebrae, the required margin around the primary CTV was 6.9 mm. Laryngeal
cancer patients showed substantial inter-fraction setup
variations, including large time trends and poor correlation between primary tumour displacements, and the
motion of the nodes and vertebrae. In Bahig et al.’s[16]
study, the movement of the larynx in twenty patients was
examined. Mean amplitude of larynx swallowing excursion was obtained 23 mm and 6 mm in the superior and
anterior directions. The mean breathing movement was
found to reach 4 mm and 2 mm in the superior-inferior and antero-posterior directions. In our study, swallowing is prevented by maximum neck extension. In

Bruijnen at al.’s[17] study, eighty-four head and neck patients with 3T MRI were examined. Approximately five
minutes after the scan, the tumour was scanned for one
minute with the 2D sagittal cine-mode. Therefore, the
intra-fraction movements were detected. The movement
of the intra-fraction tumour to its origin was calculated
and PTV margins were re-calculated. As a result of the
study, the margin recipe primarily expanded the PTV
approximately 0.2 cm for laryngeal tumours. Movement in the vocal cord is caused by swallowing, sound
production, breathing and reflexes. In our clinic, even
though the mask is made according to the maximum
neck extension, there may still be movement. In general,
less than 0.1 cm of motion on average is observed in all
three dimensions in our study. In 305 fractions for 16
patients, if the CTV-PTV safety margin was 1 mm, it
could be treated with confidence interval of 96% in the
lateral direction, 86.2% in the longitudinal direction and
85.2% in the vertical direction. If the CTV-PTV safety
margin was 0.2 cm, it could be treated in the lateral direction at 100%, in the longitudinal direction 94.1% and
in the vertical direction 96.1%, with a confidence interval. More deviations were observed in vertical and longitudinal directions due to cartilage movement.
Conclusion

For each patient, the maximum movement of the target volume should be determined in the first days of
treatment. And if necessary, the safety margins must
be readjusted. In our study, the maximum neck extension is restricted with motion and even if there is
a maximum deviation of 2 mm with intrafractional
monitoring, we treat with a confidence interval of over
94%. Thus, it is a guiding study for hypofractionated/
stereotactic treatments. Swallowing is rare and fast. If
swallowing occurs during the performance of a CT
scan, there is a systematic risk of targeting errors. To
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minimize the possibility of this error and the possibility of other sources of motion as well, the mask should
be made with maximum neck extension. As a result of
our study in our clinic, movement is restricted with
maximum neck extension, and CTV-PTV is 0.2 cm
margin. The possible systematic and random errors are
prevented by the intrafraction CBCT guide.
In stereotactic treatments, the motion should be
restricted in to reduce possible errors. The possible
amount of movement must be determined and the
safety margins must be adjusted accordingly.
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