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Abstract
Objective: The standard practice in fractionated radiation of using of visual
alignment of tattoos with weekly portal imaging for radiation setup can miss
setup errors. We previously reported on the feasibility of using an automated
infrared-guided positioning system (iGPS) for daily radiation setup. In this
study, we prospectively evaluate whether use of iGPS can improve daily setup
errors for patients with thoracic malignancies. Methods: Multiple external
infrared markers were placed on patients undergoing thoracic radiation at the
time of simulation. Patients were immobilized using vacuum immobilization
bag and wing-board. Patients were aligned for treatment using only the iGPS
system. Daily portal images were then taken, and shifts in patient position
were recorded. Differences between isocenter position using iGPS versus daily
portal imaging were calculated. Results: Data were collected for 698 treatment
sessions for 27 patients. We found that in 94.0%, 96.4%, and 93.7% of treatment sessions, isocenter position differed between iGPS and daily portal imaging by ≤5 mm in the left/right(L/R), anterior/posterior(A/P), and superior/inferior(S/I) directions, respectively. Isocenter position differed by 5 - 10
mm in 5.7% (L/R), 3.6% (A/P), and 5.9% (S/I) of treatment sessions, and
by >10 mm in 0.3% (L/R), 0.0% (A/P), and 0.4% (S/I) of treatment sessions.
Three-dimensional shifts were also calculated, with differences in isocenter
position as follows: 94.9% ≤5 mm, 5.1% 5 - 10 mm, and 0.2% >10 mm. This
compares favorably to our prior studies. Discussion: Daily treatment setup
using an infrared-guided patient positioning system, correlates well with daily
portal imaging and may help to improve daily treatment setup for patients
with thoracic malignancies.
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1. Introduction
Accurate daily patient setup is crucial for minimizing the planning target volume
expansion necessary for treatment of thoracic cancers. Prior work in lung cancer
has predominantly focused on reducing or accounting for tumor motion [1] [2]
[3] [4] [5]. However, several studies have also suggested that setup error can
have a major contribution in determining treatment accuracy [4]. Traditionally,
radiation oncologists have used visual alignment of skin tattoos to light fields, as
well as weekly portal image verification [6] [7] [8]. More recent technologies
have introduced the use of daily kV imaging, conebeam CT, as well as surface-based systems to improve accuracy of daily setup [9] [10] [11], though all of
the approaches have their inherent limitations.
In a prior study, we retrospectively evaluated the use of a surface-based infrared-guided patient positioning system (iGPS) for daily setup of thoracic patients
and found that daily iGPS-based shifts corresponded well with shifts based on daily portal imaging. In addition, we observed that the iGPS might offer additional
nonlinear information that could complement patient setup based on daily portal
imaging [11]. Infrared-guided systems prove a simple, noninvasive means to evaluate patient setup [12] [13] [14] [15], though their uses for thoracic malignancies
have thus far mostly been limited to breathing phase determination, rather than as
a comprehensive setup tool. In summary, although infrared systems have shown
promise their clinical applicability has been limited.
In this study, we report on the results of a prospective protocol evaluating the
use of an in-house, automated, iGPS for primary daily setup of patients with
thoracic malignancies [16].

2. Methods and Materials
2.1. Study Cohort
A total of 35 patients planned for fractionated, conformal thoracic radiation were
prospectively enrolled on an institutional review board-approved protocol at the
Dana-Farber Cancer Institute/Brigham and Women’s Hospital Department of
Radiation Oncology to evaluate iGPS as a tool for setup verification in patients
with thoracic malignancies. To be eligible, patients had to be scheduled for radiation therapy with definitive intent and have an expected treatment duration of at
least five weeks, with ECOG performance status less than two.

2.2. Study Design
The iGPS has been previously described in detail [16]. In brief, this system is
based on the principle of using IR light to monitor highly reflective fiducial
markers placed on the patient’s skin, similar to other commercially available
systems [12] [13] [14]. An example of a treatment room with the iGPS installed
is shown in Figure 1(a). In addition, the iGPS has the unique capacity to collect
information from multiple IR markers and comprehensively analyze the patient’s position relative to the actual desired location for the number of markers
314
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(a)

(b)

Figure 1. Schematic diagram showing the iGPS system (a) and placement of IR markers
(b). (a) A picture of iGPS installed in treatment room. A mask with attached IR-markers
illustrates position of the patient with respect to IR-camera; (b) A diagram showing position of IR-markers on a patient. The center of a red square illustrates CAX of the AP
treatment beam.

selected. As described in previous studies, the use of multiple fiducial markers
has been shown to provide both increased consistency and accuracy compared
to the use of a single marker. Single fiducial markers can often lead to variation
due to organ deformation and fiducial migration during treatment, while multiple markers provide a better representation of the desired organ [17]. Infrared
markers were affixed to the patient’s skin at the time of CT simulation in the
pattern shown in Figure 1(b).
Four markers were placed at the corners of a rectangle on the patient’s skin,
two on the upper chest wall at the mid-axillary line, and two inferiorly at the
costal border at the mid-axillary line. One marker, termed the central marker,
was placed on the central axis of the AP beam.
At the time of simulation, patients were immobilized with a wingboard and
vacuum immobilization bag (Vac-loc bag, MedTec, Orange City, IO) for the
upper torso. [18] The five infrared iGPS markers were affixed to the patient’s
skin at the time of computed tomography (CT) simulation, and the position and
location of each infrared marker was located by iGPS within the simulator room.
The position of each marker was then marked on the patient’s skin with a tattoo
and photographs documenting tattoo locations were taken.
At the time of treatment, the five infrared markers were again placed on the
patient’s skin, and their position was detected by iGPS within the treatment
315
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room. The patient was then positioned using iGPS only, by comparing the position of each iGPS marker to its expected position. Using numerical feedback
from iGPS, radiation therapists shifted the patients to the proper location. Daily
portal images were taken following setup by the iGPS.

2.3. Data Collection
The routine clinical practice at the time of the study was to use weekly portal
image measurements for routine patient setup evaluation. We have previously
shown in a retrospective analysis that daily iGPS shifts correlate well with shifts
based on analysis of daily electronic portal imaging [11]. Therefore, in this study,
patients were positioned based on iGPS coordinates only, and daily AP and lateral portal images were obtained for post-treatment analysis.
Following completion of therapy, all differences in isocenter position were
independently reviewed and recorded by a single senior therapist (MB) to the
nearest mm, to minimize the effect of inter-user variability.

2.4. Data Analysis
Isocenter position, as determined by the daily portal images, was considered the
gold standard, with all shifts from the iGPS determined isocenter position considered deviations. The results are reported as the percentage of treatment sessions when the iGPS determined isocenter position differed from the daily portal
image isocenter position by >10 mm and >5 mm. These shifts were felt to be
clinically significant since a 5 mm margin for setup error is typically used at our
institution. In addition, we analyzed these shifts according to the method described by van Herk to characterize the systematic and random errors [19].
Daily patient setup using iGPS was compared to daily portal imaging, as the
gold standard. The study was limited to the evaluation of the setup only, and no
internal target motion was addressed. For the days, on which port films were
available and shifts recorded, the mean of the shifts and standard deviation was
calculated in each direction (A/P, L/R, and S/I) for each individual patient. The
average of the mean values was calculated to provide a measure of systematic error
(M). The standard deviation of mean for individual patients was obtained as characteristic of standard deviation of systematic error (Σ) and rms of the standard
deviations was used as a measure of standard deviation of the random error (σ), as
suggested by van Herk. In addition, the number of days were calculated for which
shifts were <5 mm, between 5 mm and 1 cm and greater than 1 cm. This was done
for each individual patient and the total. Percentages of days with shifts < 5 mm,
between 5 mm and 1 cm and >1 cm were also calculated.

3. Results
Between April 2007 and September 2009 we enrolled 35 patients on protocol. Of
these, 1 died, 1 withdrew consent, and 2 had progressive disease before radiation
therapy could be started. An additional 4 patients were unable to have iGPS used
during treatment due to technical issues with marker detection for superiorly316
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located tumors. A total of 27 patients treated during 830 treatment sessions with
698 AP and 694 lateral portal images were available to be analyzed.
We found that in 94.0%, 96.4%, and 93.7% of treatment sessions, isocenter
position differed between iGPS and daily portal imaging by ≤5 mm in the left/
right (L/R), anterior/posterior (A/P), and superior/ inferior (S/I) directions, respectively. Isocenter position differed by 5 - 10 mm in 5.7% (L/R), 3.6% (A/P),
and 5.9% (S/I) of treatment sessions, and by >10 mm in 0.3% (L/R), 0.0% (A/P),
and 0.4% (S/I) of treatment sessions. Three-dimensional shifts were also calculated, with differences in isocenter position as follows: 94.9% ≤5 mm, 5.1% 5 - 10
mm, and 0.2% >10 mm. Table 1 shows the overall frequency of port-film shifts
found after iGPS-based setup for all images and treatment sessions.
Table 2 shows mean shifts from iGPS compared to port-films for each analyzed patient, as well as mean and standard deviation values. In addition, Table
3 shows the systematic error (M) and standard deviation for a systematic error
(Σ) and standard deviation for random error (σ).
We did not observe a systematic discrepancy between iGPS and port-film
based setup (mean < 1 mm in all directions). Random error for iGPS compared
to port-film based setup was <2 mm in all directions, based on standard deviation values. The standard deviation of the random error was <5 mm, with higher
accuracy in anterior direction (<2 mm). We examined if tumor location or patient age would impact on the degree of setup error. Although the overall number of patients in the different categories was small we did not see improved setup for upper lobe isocenters vs. lower lobe isocenters. In addition, there was no
observable difference in the results depending on the age of the patient. This data is summarized in Table 4 and Table 5.

4. Discussion
In this study, we have expanded on prior work demonstrating the feasibility of
daily radiation setup using an infrared marker based positioning system, by reporting on results from a prospective protocol. The results from the current
study compare favorably to our prior study, where we found that standard setup
with tattoos, laser marking, and weekly portal imaging yielded daily setup errors
of 0 mm in 18%, 0 - 5 mm in 42%, 5 - 10 mm in 30%, and >10 mm in 10% of patients, compared to daily portal imaging [11].
Although, the use of daily kV imaging for image-guided radiation setup has
grown increasing common over the past few years, our study demonstrates that
Table 1. Frequency of port film shifts found after daily iGPS-based setup for 27 patients.
Shifts

Left/Right (%)

Ant/Post (%)

Sup/Inf (%)

3-D (%)

0 - 5 mm

656 (94.0%)

669 (96.4%)

650 (93.7%)

658 (94.8%)

5.1 - 10 mm

40 (5.7%)

25 (3.6%)

41 (5.9%)

35 (5.0%)

>10 mm

2 (0.3%)

0 (0.0%)

3 (0.4)%

1 (0.2%)

Totals

698 (100%)

694 (100%)

694 (100%)

694 (100%)
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Table 2. Port-film shifts found after iGPS-based setup*.
Pt#

Mean shifts (mm)

Standard deviation (STD)

Left

Ant

Sup

Left

Ant

Sup

1

0.4

0.4

1.2

1.7

1.4

4.8

2

1.4

2.6

−1.3

2.1

1.7

4.1

3

4.5

−2.5

−0.9

3.0

2.7

1.6

4

3.8

−0.2

0.3

3.5

1.5

3.2

5

1.5

−0.7

−0.1

1.5

1.5

0.5

6

−2.7

−0.6

−2.5

4.8

1.6

3.5

7

−1.6

0.0

1.8

2.9

0.9

2.3

8

2.3

−1.5

−3.6

2.1

2.1

4.5

9

1.9

−1.6

−1.1

2.9

2.6

4.5

10

−0.6

−2.6

−0.2

1.3

3.0

0.9

11

3.9

−4.2

2.0

4.7

3.7

3.1

12

−0.8

−2.3

−0.8

1.8

2.1

1.9

13

−1.0

1.5

4.8

3.5

2.5

4.0

14

0.2

−0.5

−1.1

1.5

1.1

3.8

15

−0.9

−2.6

−1.7

2.0

3.6

2.6

16

1.5

−1.3

−0.9

2.2

2.7

3.6

17

0.4

−2.4

−0.8

1.0

2.0

1.5

18

1.1

−1.4

0.0

1.6

2.0

0.0

19

0.2

0.4

−0.8

0.7

1.2

2.8

20

0.3

−1.9

−0.7

1.1

1.9

1.3

21

0.5

0.2

−0.1

1.1

1.1

1.7

22

1.8

1.0

−0.4

3.0

2.3

1.1

23

−0.1

−0.1

−0.4

0.7

0.6

1.9

24

0.0

−1.5

0.3

0.0

2.6

3.0

25

0.0

0.3

0.3

1.8

2.3

1.1

26

−1.3

−0.8

−0.4

3.5

1.7

2.9

27

0.7

0.1

−0.5

1.6

1.1

1.2

Mean

0.6

−0.8

−0.3

2.1

2.0

2.5

STD

1.7

1.5

1.6

1.2

0.8

1.3

Table 3. Statistical analysis of the shifts from Table 2. Here, M is the group systematic
error, Σ is the standard deviation of systematic error, and σ is the standard deviation of
random error. All values are in mm.
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Left

Ant

Sup

M (mm)

0.6

−0.8

−0.3

Σ (mm)

1.7

1.5

1.5

σ (mm)

3.6

1.6

4.7
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Table 4. Port-film mean shifts based on tumor location.
Mean shifts (mm)

Tumor location

Left

Ant

Sup

Right Upper Lobe (10)

1.4

1.2

1.4

Right Middle Lobe (2)

0.8

1.6

0.6

Right Lower Lobe (8)

1.7

1.5

0.7

Right Hilar (1)

0

1.5

0.3

Left Upper Lobe (5)

1.4

1.1

1.3

Left Lower Lobe (1)

0

0.3

0.3

Table 5. Port-film mean shifts based on age at start of study.
Age (Years)

Mean shifts (mm)
Left

Ant

Sup

40 - 49 (1)

2.7

0.6

2.5

50 - 59 (6)

1.5

1.7

0.6

60 - 69 (9)

1.2

1.1

0.8

70 - 79 (7)

1.1

1.0

1.6

80 - 89 (4)

0.9

1.5

0.9

an automated surface marker-based system can also be effective and has the potential advantage of limiting excess radiation exposure from daily imaging, as
well as reducing the time required by obtaining and evaluating daily portal images. Although, our study evaluates an in-house surface-based marker system,
several surface-based systems have been developed commercially over the past
several years for treatment setup [12]. Our study provides reassurance that these
surface-based systems are a feasible alternative to x-ray based systems and can be
used prospectively for daily patient setup.
There are other products that use surface imaging to aid in daily setup. One of
the most commonly utilized is a 3-D surface camera system, AlignRT, produced
by Vision RT Ltd. (London, England). This system has shown utility in setup of
breast cancer patients. It differs from iGPS in that it uses a region of interest
(ROI) often adjacent to the region of treatment. Recent data showed use of
AlignRT to reduce setup errors as but an average of 9 mm shifts remain when
compared to portal imaging [20]. Another similar study of this technique
showed mean displacements were 4.1 ± 2.6 mm, 2.7 ± 1.4 mm, and 2.6 ± 1.2 mm
in the anteroposterior (AP), superoinferior (S/I), and left-right (L/R) directions,
respectively [21]. In addition, several studies have been conducted to analyze the
accuracy and efficiency of AlignRT for patients receiving deep inspiration
breath-hold (DIBH) radiation therapy for left-sided breast cancer. Results
proved that the DIBH patient setup with AlignRT provided improved accuracy
and reduced mean treatment time required for each patient while providing
adequate sparing of cardiac tissue [22] [23] [24]. Our system provided very sim319
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ilar results to this commercially available system when compared for thoracic
radiotherapy setup. It would suggest that both a localized ROI and 5 displaced
markers over standard positions are comparable to achieve accurate non invasive patient setups. Overall lesions in the upper thorax were more highly reproducible rather than lower lobe lesions as can be seen from Table 4.
There are several limitations to our study. Although, 31 patients consented to
iGPS analysis and were eligible for study, in 4 of these patients, our in-house
system had difficulty detecting and recording marker location. This problem
occurred in patients with very superiorly located tumors because our infrared
cameras required a direct line of sight in order to detect marker location. This
problem was alleviated with subsequent patients by carefully selecting and modifying marker location for patients with very superiorly located tumors. In addition, we used daily portal imaging as a gold standard for comparison. However,
daily portal imaging does not necessarily reflect true target volume location, particularly when the target volume is displaced from bony anatomy or may shift
during the course of treatment. Likewise, surface-based treatment setup does not
necessarily reflect the location of the target volume. One advantage of the iGPS
system is that, with the placement of several different markers and the use of an
automated system, rotational shifts can be more easily detected. Similar results
have been recently published which confirm these hypotheses [25]. Additional
analysis, using 3D imaging, such as conebeam CT, may help to further assess the
accuracy of surface-based systems relative to internal target volumes.

5. Conclusions
Daily treatment setup using an infrared-guided patient positioning system, correlates well with daily portal imaging and may help to improve daily treatment
setup for patients with thoracic malignancies. This technique and other similar
approaches have the potential to achieve accurate daily setups without adding
radiation dose associated with KV- or MV imaging.
This work was presented in part at the American Society of Radiation Oncology Annual Meeting 2010.
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