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Summary

Tumor shape variability of oropharyngeal tumors during radiation therapy can be determined
with implanted markers. Displacement of markers on cone beam computed tomography in
reference to the planning computed tomography was analyzed in 27 patients. Large differences
in marker patterns (both inward and outward) between patients as well as within patients were
observed. Based on our study, the cranial and caudal border in the posterior pharyngeal wall are
at highest risk to be covered insufficiently during radiation therapy.

Abstract
Purpose

This study quantifies tumor shape variability in head-and-neck cancer patients during
radiation therapy using implanted markers.

Methods and Materials

Twenty-seven patients with oropharyngeal tumors treated with
(chemo)radiation were included. Helical gold markers (0.35 x 2 mm, 3-10/patient, average 6) were
implanted around the tumor. Markers were identified on planning computed tomography (CT) and daily
cone beam CT (CBCT). After bony anatomy registration, the daily vector length on CBCT in reference
to the planning CT and daily marker movement perpendicular to the gross tumor volume (GTV) surface
at planning CT (dnormal) of each marker were analyzed. Time trends were assessed with linear regression
of the <dnormal>markers. In 2 patients, 2 markers were implanted in normal tissue to evaluate migration by
measuring intermarker distances.

Results Marker implantation was feasible without complications. Three-dimensional vectors (4827

measurements, mean 0.23 cm, interquartile ratio 0.24 cm) were highest in base of tongue sublocalization
(P<.001) and bulky tumors (vectors exceeded 0.5 cm in 5.7% [0-20 mL], 12.0% [21-40 mL], and
21.7% [41 mL], respectively [P<.001] of measurements). The measured inward time trend in 11/27
patients correlated with the visual observed marker pattern. In patients with an outward trend (5/27) or
no trend (11/27), visual observation showed predominantly an inhomogeneous pattern. Remarkably,
in 6 patients, outward marker movement was observed in the posterior pharyngeal wall. The difference
in distance between normal tissue markers (1 SD) was 0.05-0.06 cm without time trend, indicating that
implanted markers did not migrate.

Conclusions During head-and-neck radiation therapy, normal tissue markers remained stable.
Changes in position of tumor markers depended on sublocalization and tumor volume. Large differences
in marker patterns between patients as well as within patients were observed. Based on our study, the
cranial and caudal border in the posterior pharyngeal wall are at highest risk to be covered insufficiently.
Furthermore, implanted markers could help identify patients with an actual shrinkage of the GTV who
might benefit from mid-radiation therapy redelineation to reduce toxicity.
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Introduction
Intensity modulated radiation therapy (IMRT) has
become the standard of care in the treatment of
head-and-neck cancer patients. This technique
enables highly conformal dose distributions
around the planning target volume (PTV). The
PTV should comprise the clinical target volume
(CTV) with a margin to account for geometrical
uncertainties such as delineation uncertainties,
setup errors, and anatomical variability during
radiation therapy (1).
Several strategies have been developed to
reduce the margin needed. Observer variation
is reduced with contouring guidelines (2) and
computed tomography (CT) registration with
positron emission tomography (PET) and/or
magnetic resonance imaging. To reduce setup
errors, patients are immobilized with masks, bite
blocks, or vacuum pillows. Furthermore, rigid
body setup correction protocols based on imageguided systems such as portal imaging devices or
cone beam CT (CBCT) are widely implemented.
Because soft-tissue contrast of these imageguided systems is insufficient to visualize tumor
variability, these strategies are based on bony
anatomy. Changes in tumor position, shape, and
volume during treatment often go unnoticed
and are generally not considered in the design of
margin recipes.
Tumor variability may be related to tumor volume
change, weight loss, fluid shift within the body,
alteration in muscle mass, and fat distribution.
With adaptive radiation therapy, repeated imaging
is used to adapt the treatment plan to anatomical
changes during treatment. The goal is to improve
sparing of organs at risk and maintain complete
coverage of the target volume (3). To design
the optimal adaptive radiation therapy strategy,
detailed information about the extent and timing
of anatomical changes of target volume and organs
at risk are needed. Preliminary data on tumor
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position and shape change during radiation therapy
have been reported (4, 5). In these publications,
the volume and position of the center of mass was
analyzed with CT and PET imaging during the
course of RT at several time points. They observed
a gradual loss of gross tumor volume (GTV) and
shift of the GTV center of mass (4, 5). The pattern
of local surface deformations resulting in center of
mass shift has not been reported on. Furthermore,
this raises the question if redelineation of the GTV
and corresponding CTVs based on imaging midradiation therapy is allowed?
This study quantifies tumor shape variability in
head-and-neck cancer patients during radiation
therapy using implanted markers. In our hospital,
helical-shaped gold markers are routinely
implanted at the edge of the GTV and used to
aid delineation in patients with head-and-neck
tumors. These markers are detectable on daily
CBCT and observed variability during radiation
therapy was analyzed.

Methods and Materials
Patient cohort

Twenty-seven patients with transorally accessible
tumors (15 tonsillar, 6 posterior pharyngeal
wall [PPW], 6 base of tongue [BOT]), treated
between June 2007 and June 2009, were
prospectively selected in consecutive order. All
patients had locally advanced disease without
distant metastasis. Treatment consisted of
radiation therapy (20%) or radiochemotherapy
(80%) with curative intent. Radiation therapy
dose was 70 Gy given in 35 fractions in 6 or 7
weeks. Concomitant chemotherapy consisted of
cisplatinum, either 6 mg/m2 daily in the first 5
weeks of treatment or 100 mg/m2 on days 1, 22,
and 43 of treatment.
Patients were immobilized with a thermoplastic
mask with shoulder fixation. IMRT planning
(Pinnacle, Philips Medical Systems, Eindhoven,
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The Netherlands) was performed on a planning
CT scan (Somatom Sensation Open, Siemens
AG, Erlangen, Germany) reconstructed with a
slice distance of 3 mm. Implanted makers were
identified on an additional reconstruction with a
slice distance of 1 mm. Daily CBCT scans (Elekta
Synergy, Elekta Oncology Systems Ltd, Crawley,
UK) were acquired immediately before treatment
delivery for patient setup, on average 31 per
patient.

Marker implantation procedure

Before start of treatment, helical-shaped gold
markers (0.35 x 2 mm) were routinely implanted
to aid delineation. Implantation was done by a
head-and-neck surgeon and a radiation oncologist
together during investigation under anesthesia
with a preloaded needle (VisicoilTM, RadioMed
Corporation, Tyngsboro, MA, US). The markers
were positioned at the edge of the tumor GTV at
5 mm depth. On average, 6 markers per patient
were implanted (range 3-10). In 2 patients, 2
additional markers were implanted in contralateral
normal tissue to assess migration.

Analysis of marker motion

The following analyses on marker motion were
performed.

Position variability of each marker
The gold markers were semiautomatically
identified on planning CT and daily CBCTs,
meaning the center of mass was calculated after
automatic segmentation of manually selected
markers. Marker positions on CT and CBCTs
were expressed in machine coordinates. First, in
each patient, nearby bony anatomy registration
of planning CT and CBCTs was performed.
Subsequently, the residual daily marker motion
of each marker was calculated in reference to
the position of the marker on planning CT. This
resulted in a 3-dimensional (3D) vector with
corresponding motion along the left-right axis,
craniocaudal axis, and anteroposterior axis. The

statistical package SPSS Statistics version 17.0
was used for data analysis. Differences between
subgroups were tested using nonparametric tests
(Mann-Whitney) for continuous variables. For
categorical outcomes, the Pearson chisquare test
was used. P<.05 was considered to be significant.
Subgroup analyses were performed based on the
location of the markers, location of the tumor,
volume of the tumor, and treatment modality.

GTV surface deformations
The amplitude of the surface deformations was
determined by decomposing the 3D vector of the
residual daily marker motion into a component
perpendicular to the original GTV (dnormal) and
a parallel component. We reasoned that the
perpendicular component is along the dose
gradient, whereas the parallel component would
not result in changes in dose. The perpendicular
direction follows from the original position of the
markers (in the planning CT) projected onto the
surface of the GTV delineated on the planning
CT (after smoothing). Negative values indicate
inward movement and positive values indicate
outward movement. The dnormal of each marker
was calculated on every treatment day. Then, the
mean dnormal of each marker was calculated. The
maximum mean dnormal in each patient corresponds
with the patient-specific systematic error.
Furthermore, the mean of dnormals of all implanted
markers in each patient on every treatment day
(<dnormal>markers) was calculated. Correlation of
marker position with time was analyzed by linear
regression of <dnormal>markers, P<.1 was considered
to be significant. We performed the statistical
analysis of subgroups as in the previous paragraph.
Patient-specific correlation of markers
The correlation of markers in each patient was
visually assessed. The marker motion pattern in
each patient was classified as inward (all markers
are visually moving to the center of the tumor),
outward (all markers are visually moving away
from the center of the tumor), inhomogeneous
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(different patterns are recognized in a patient), or
stable (no pattern is visualized).

Migration of normal tissue markers
(2 patients)
Helical-shaped markers were selected to
minimize migration. To validate the stability
of the marker position relative to the nearby
tissue, the intermarker distance was measured
for markers implanted in normal tissue. The
underlying assumption is that 2 markers that are
implanted at nearly the same location share the
same tissue surrounding. Motion or deformation
by edema or weight loss will affect the markers
equally. Any residual motion between the
markers will therefore indicate migration
because the probability of migration in the same
direction is small.

Normal tissue markers

Migration of markers was negligible: the
differences in distance between 2 normal tissue
markers (1 SD) in 2 patients were 0.05 and 0.06
cm, respectively, without time trends.

Residual marker motion

Results

The residual daily marker motion, after bony
anatomy registration, is described as a 3D vector
in Table 1A. The vector increased in time during
treatment (Pearson correlation 0.227, P<.001).
The occurrence of vectors exceeding 0.5 cm
correlated significantly with tumor volume:
5.7%, 12.0%, and 21.7% of measurements
in patients with tumor volumes of 0-20 mL,
21-40 mL, and 41 mL, respectively (P<.001).
Furthermore, the vector is associated with tumor
location. On average, BOT tumors have larger
vectors during treatment compared with tonsillar
(P<.001) and PPW tumors (P<.001) (Fig. 1).

Marker implantation

GTV surface deformations

Marker implantation was feasible without
complications. On average, 6 markers per
patient were implanted (range 3-10). Markers
could easily be detected on CT and CBCT.
Ninety-six percent (155) of the 162 implanted
markers were identified on planning CT.
During treatment, an additional 2 markers
were lost, resulting in 153 evaluable markers.
Identification of these markers on daily CBCTs
(on average 31 per patient) resulted in 4827
measurements to assess daily marker motion.

The residual daily marker motion, after bony
anatomy registration, perpendicular to the
surface of the tumor (dnormal) is described in
Table 1B and Fig. 1. Dnormal had an average of
-0.05 (SD 0.021) and showed both inward
and outward movement (Table 1B).
The patient-specific systematic error was
calculated for each patient. The margin needed
to cover this patient-specific systematic error
in 90% of our patients would be 0.23 cm.

Table 1: Residual daily marker movement
Table 1a. Residual daily marker movement of the 3D vector and on the LR, CC and AP axis (cm):

22

Min

Max

Mean

SD

Median

Interquartile range

Vector

0.01

2.18

0.29

0.23

0.23

0.24

LR

-1,80

0,98

0,01

0,20

0.01

0.18

CC

-1,04

0,99

0,00

0,22

0.01

0.21

AP

-0,97

1,27

0,03

0,22

0.03

0.17
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Figure 1: Distribution of the vector length and dnormal per tumor location. Min: minimum,
Max: maximum, SD: standard deviation

On average, BOT tumors showed a wider
range of dnormal than tonsillar or PPW tumors
(percentage of measurements exceeding 0.5 cm
in either direction [inward and outward] were,
respectively, 8.0% vs 1.8% and 4.8% (P<.001),
Fig. 1). However, these differences disappeared
when focusing at outward movement only
(percentage of measurements exceeding 0.3
and 0.5 cm [outward movement only] were
respectively 2.7% and 0.7% [BOT], 2.7% and
0.5% [tonsillar], 2.2% and 0.0% [PPW]).

Linear regression of <dnormal>markers during
treatment, showed in 11/27 (41%) patients a
significant inward trend, in 5/27 (18%) patients
a significant outward trend and in 11/27 (41%)
patients no trend.
Correlation of the <dnormal>markers in time with
tumor sublocalization, tumor volume, and type
of treatment, is shown in Table 2 and Fig. 2. In
patients with large tumors, we observed more
cases with time trends (0-20 mL: 37%, 21-40

Table 1b. Residual daily marker movement perpendicular to the surface of the tumor (dnormal in cm):

dnormal

Min

Max

Mean

SD

-1.57

0.72

-0.05

0.21

% of outward/inward
measurements exceeding:
0.3 cm
0.5 cm
0.7cm
2.5/9.3%

0.4/3.5%

0.0/1.3%

LR: left-right, CC: cranial-caudal, AP: anterior-posterior, Min: minimum, Max: maximum, SD: Standard deviation
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mL: 57%, and 41 mL: 75%; Table 2) and a larger
amplitude of measurements (dnormal exceeded 0.5
cm in either direction in, respectively, 1.1% [020 mL], 2.2% [21-40 mL], and 6.8% [41 mL] of
measurements [P<.001]). Shifts exceeding 0.2
in either direction were only observed after the
second week of treatment.

Patient-specific correlation of
markers

The visually observed pattern of marker
motion showed an overall inward movement
of markers in 13/27 (48%) patients (Fig.
3, example 1), stable markers in 2/27 (7%)
patients, and an inhomogeneous pattern in
12/27 (45%) patients. In patients with an
inhomogeneous pattern, the majority (8/12)
showed mixed inward and outward movement
of markers. A remarkable finding was the
outward movement in craniocaudal direction
of markers in the PPW in 6 patients (Fig. 3,
example 2). Furthermore, in 3 patients a
clear outward movement followed by inward
movement was observed (Fig. 3, example 3).

In Table 3, for each patient the calculated time
trend vs the visually observed pattern of marker
motion is depicted together with the tumor
location, volume, and treatment. In patients
with an inward time trend the visual pattern
was accordingly, for example, of the 11 patients
with an inward time trend, 10 showed an overall
inward movement and 1 partially an inward
movement. In the 5 patients with an outward
time trend, we observed 4 patients with an
inhomogeneous response with local outward
movement and 1 patient with stable markers.

Discussion
This study found considerable tumor shape
variability of head-and-neck carcinomas over the
course of radiation therapy with implanted markers.
Markers can routinely be implanted before
radiation therapy at the edge of the GTV and are
detectable during radiation therapy on CBCT
scans. Marker migration is negligible based on
the helicalshaped structure and stable intermarker

Table 2: Correlation of tumor location, tumor volume and treatment modality with time trend
of < dnormal>markers
n

Inward

No trend

Outward

Base of tongue

6

3 (50%)

2 (33%)

1 (17%)

Tonsillar region

15

7 (47%)

6 (40%)

Posterior pharyngeal wall

6

1 (17%)

3 (50%)

2 (33%)

≤ 20 cc

8

1 (12%)

5 (63%)

2 (25%)

21-40 cc

7

4 (57 %)

3 (43%)

-

> 40 cc

12

6 (50%)

3 (25%)

3 (25%)

RT

8

3 (38%)

4 (50%)

1 (12%)

Chemo-RT

19

8 (42%)

7 (37%)

4 (21%)

Tumor location:

2 (13%)

Volume:

Treatment:

RT: Radiotherapy, Chemo-RT: Concomitant chemotherapy and radiotherapy

24
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distances in normal tissue in our study and in
reports by others (6, 7). Therefore, we conclude
that, after local setup registration, measured
position variability of the markers reflects tumor
variability.
We observed large differences between patients,
but also within patients, of the amplitude and
direction of marker motion along the dose
gradient (both inward and outward movement
perpendicular to the GTV <dnormal>). This tumor
variability may be related to actual increase or
decrease of tumor volume; however, weight
loss, fluid shift within the body, alteration in
muscle mass, and fat distribution will also play
a role. Although the majority of tumor marker
motion showed inward movement as expected,
some markers revealed outward movement. One
would expect asymmetric tumor response with
tumors expanding toward cavities and originating

near rigid structures such as the jaw or vertebrae.
Remarkably, however, outward movement
repeatedly was observed in the PPW. An
explanation might be that tumor response in the
PPW leads to stretching of the wound edge. The
low percentage (1/ 6 patients, 17%) of PPW
tumors showing clear overall inward movement
supports this hypothesis. Furthermore, in 3
patients, initial outward movement was followed
by inward movement. This could be due to real
tumor progression in the first weeks of radiation
therapy or from edema; either way, the edge
of the tumor including microscopic extension
extends beyond its original position.
Only a few studies have described volumetric
and positional changes of the GTV with repeat
imaging at several time points during the course
of radiation therapy (4, 5). Castedot (5) reported
on 10 patients with locally advanced disease,

Fig. 2. <Dnormal>markers plotted per patient as a function of treatment week, sorted by tumor group (first row)
and by volume group (second row). Mean position: black dots. Tumor groups: red/asterisk = 0-20 mL, dark
yellow/square = 21-40 mL, blue/triangle = 41-90 mL. Volume groups: green/triangle = base of tongue;
gray/diamond = tonsillar region; purple/circle = posterior pharyngeal wall.
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Table 3: Tumor characteristics, treatment modality, time trend of < dnormal>markers and marker motion
pattern for each patient
Patient

Tumor
Location

Volume
(cc)

Treatment
modalities

Time trend

Marker motion pattern

1

PPW

51

Chemo-RT

No

Cranial regression, caudal growth*
(Figure 3, Example 2)

2

PPW

14

Chemo-RT

No

3

PPW

82

Chemo-RT

No

4

PPW

42

Chemo-RT

Regression

Cranial stable, caudal regression
Cranial stable, caudal growth*

26

Cranial growth*, caudal regression
Cranial growth*, lateral initial
growth followed by regression,
medial regression

5

PPW

43

Chemo-RT

Growth

6

PPW

7

Chemo-RT

Growth

No pattern

7

Tonsil

23

RT

No

No pattern

8

Tonsil

17

RT

No

Overall regression
Overall regression

9

Tonsil

30

Chemo-RT

No

10

Tonsil

19

Chemo-RT

No

11

Tonsil

10

Chemo-RT

No

Overall regression
Cranio-medial growth*,
caudal regression

12

Tonsil

52

RT

No

Cranial stable, caudal regression

13

Tonsil

43

Chemo-RT

Regression

14

Tonsil

8

RT

Regression

Overall regression
Overall regression (Figure 3,
Example 1)

15

Tonsil

34

RT

Regression

Overall regression

16

Tonsil

32

Chemo-RT

Regression

Overall regression

17

Tonsil

43

Chemo-RT

Regression

Overall regression

18

Tonsil

91

Chemo-RT

Regression

19

Tonsil

40

Chemo-RT

Regression

Overall regression
Initial growth followed
by regression

20

Tonsil

43

Chemo-RT

Growth

21

Tonsil

13

RT

Growth

22

BOT

10

RT

No

23

BOT

23

Chemo-RT

No

Cranial regression, caudal stable

24

BOT

53

Chemo-RT

Regression

Overall regression
Overall regression,
Initial growth followed by
regression (Figure 3, Example 3)
Anterior growth††, posterior
regression

25

BOT

21

RT

Regression

26

BOT

88

Chemo-RT

Regression

27

BOT

51

Chemo-RT

Growth

|

Cranial growth*, caudal regression
Cranial stable, caudal
regression, lateral growth†
Anterior growth††, lateral and
caudal regression
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PPW: Posterior pharyngeal wall, Tonsil: Tonsillar fossa, BOT: Base of tongue, RT: Radiotherapy, Chemo-RT: concomitant
chemotherapy and radiotherapy, Time trend: Linear regression of < dnormal>markers, *: growth in posterior pharyngeal wall, †:
growth in lateral pharyngeal wall,

††

: growth in base of tongue

Figure 3: Weekly marker displacement during radiotherapy in three patients. Example 1: overall regression,
example 2: cranial regression and caudal growth and example 3: initial growth followed by regression.
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predominantly hypopharyngeal tumors, imaged
with weekly CT and PET during chemoradiation
treatment. They found a decrease of GTV of
3.2% on CT and 3.9% on PET per treatment day,
respectively. The center of mass of GTV changed
position over time. Similar findings were reported
by Barker on 14 head-and-neck cancer patients
treated with radiation therapy (4, 5). Three
weekly imaging was performed with an integrated
CT linear accelerator system. They concluded
that GTVs decreased throughout the course of
radiation therapy at a median rate of 1.8 % per
treatment day. As in our study, the absolute loss was
larger for larger tumors; moreover, they observed
a higher rate of loss in patients with larger tumors.
They also described a change in position of the
center of mass over time, indicating asymmetric
GTV losses in concordance with our findings.
Our observations, however, describe local surface
deformations and cannot be used to adequately
describe the GTV position. The implanted markers
were distributed nonuniformly over the surface of
the GTV (eg, the deep edge of the tumor was not
covered nor the surface of a protruding tumor).
In view of our results and those of others described
here, we will discuss the relation of anatomical
variability to the margins used in radiation therapy
treatment planning and the issue of margin
reduction of the high-dose-volume mid-radiation
therapy in case of response.
Standard head-and-neck setup margins and
correction protocols are generally based on the
assumption of rigid body motion, the patient is
considered as nondeformable. Several articles (8,
9) reported on local geometrical uncertainties in
anatomical subregions during radiation therapy
for head-and-neck cancer patients. They showed
considerable local setup variations based on nearby
bony anatomy registration indicating nonrigid
deformations. In this study, substantial nonrigid
tumor variability was measured after local bony
anatomy registration, although organ motion and

28
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residual deformation are difficult to distinguish.
Nonetheless, this soft-tissue variability is currently
not accounted for in standard head-and-neck setup
margins. The aim of margin recipes is to cover the
target with 95% of the radiation dose in 90% of
patients (1). Systematic and random errors are taken
into account. In general, uncertainties introduced
during treatment preparation (systematic errors)
have more impact than day-to-day variation
during treatment execution (random errors) (1).
The margin needed to cover the patient-specific
systematic error in 90% of our patients would
be 0.23 cm. However, marker movement was
frequently asymmetric as described here, making
a margin recipe even more difficult. Based on our
study, the cranial and caudal border in the posterior
pharyngeal wall are at highest risk to be covered
insufficiently during a course of radiation therapy
in patients with oropharyngeal tumors.
Recently, adaptive radiation therapy has been able
to adjust the treatment plan to anatomical changes.
Without replanning, in particular the parotid
glands are at risk to get a higher dose than planned
because of shrinkage and medial shift toward the
high isodose volumes (10, 11). The question rises
if redelineation of the GTV based on anatomical
shrinkage and a reduction of the CTV mid-radiation
therapy is allowed? To answer this question, we
should be able to make a distinction between
response with an actual shrinking tumor or a
dissolving tumor without shrinkage of the borders
of the original GTV. In the latter, the tissue volumes
from which tumors shrank radiographically are still
likely to contain a large number of tumor cells based
on radiobiological models (12). Implanted markers
on the interface between GTV and the area with
microscopic extensions can help solve this question
and change policy to only adjust the GTV when
clear anatomical change toward the pharyngeal
space is present. If we reason that the microscopic
involved areas move together with the GTV, the
residual marker motion is a surrogate for movement
of the high-dose CTV. In our analyses, time trends
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were associated with BOT sublocalization and
large volume tumors. Unfortunately, multivariate
analyses could not be performed because of small
numbers to identify independent factors associated
with time trends to guide selection. Patients with
both a measured inward trend and a visual overall
inward movement of markers might be considered
for adjustment of the mid-radiation therapy CTV.
On the other hand, tumors in patients with an
inhomogeneous or no marker pattern most likely
are dissolving during radiation therapy without
shrinkage of the CTV. As discussed previously,
implanted markers do not cover the complete
surface of the tumor and further analysis of marker
motion in comparison to GTV change on repeat
CT and MRI during radiation therapy will help to
confirm these findings.

In conclusion, tumor variability can be
determined with implanted markers during
radiation treatment in head-and-neck cancer
patients. Large differences in marker patterns
between patients as well as within patients
were observed. This soft-tissue variability is not
taken into account in standard setup margins and
correction protocols based on the assumption
of rigid body motion. In our study, the cranial
and caudal borders in the PPW are at highest
risk to be covered insufficiently during radiation
therapy in patients with oropharyngeal tumors.
Furthermore, implanted markers could help
identify patients with an actual shrinkage of the
GTV who might benefit from mid-radiation
therapy redelineation to reduce toxicity.
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