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Abstract

Purpose: Tumor motion amplitude varies during treatment. The purpose of the

study was to evaluate the intra- and interfraction tumor motion and variability in

patients with liver cancer treated with fiducial-based real-time tracking stereotactic

body radiotherapy (SBRT).

Methods: Fourteen liver patients were treated with SBRT using a CyberKnife. Two

to four fiducial markers implanted near the tumor were used for real-time monitor-

ing using the Synchrony system. The tumor motion information during treatment

was extracted from the log files recorded by the Synchrony system. Logfile-based

amplitudes in the superior–posterior (SI), left–right (LR) and anterior–posterior (AP)

directions were compared to the 4DCT-based amplitudes. The intra- and interfrac-

tion amplitude variations and the incidence of baseline shifts were analyzed for 66

fractions administered to 14 patients.

Results: The median (range) logfile-based liver motion amplitudes for all patients were

11.9 (5.1–17.3) mm, 1.3 (0.4–4) mm and 3.8 (0.9–7.7) mm in the SI, LR and AP direc-

tions, respectively. Compared with the logfile-based amplitude, the 4DCT-based

amplitude was underestimated (P < 0.05). The median (range) intra- and interfraction

liver motion amplitude variations were 4.3 (1.6–6.0) mm (SI), 0.5 (0.2–2.2) mm(LR) and

1.5 (0.3–3.3) mm (AP) and 1.7 (0.5–4.6) mm (SI), 0.3 (0.1–3.0) mm (LR) and 0.7 (0.3–

2.7) mm (AP), respectively. Baseline shifts exceeding 2 mm, 3 mm and 5 mm were

observed in 27.3%, 7.6% and 3% of the measurements, respectively, within 10 min,

and in 66.7%, 38.1% and 19%, respectively, within 30 min for the square root of the

sum of the squares of the distances in the SI, LR and AP directions (3D). The tumor

motion amplitude was found to be correlated with the baseline shift.

Conclusions: Most patients showed significant intra- and interfraction liver motion

amplitude variations over the entire course of radiation. More caution is needed for

patients with large tumor motion amplitudes.
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1 | INTRODUCTION

Radiation-induced liver disease (RILD) has the potential to lead to

liver failure, and the risk of RILD is correlated with the mean dose

to the liver.1 With the use of stereotactic body radiation therapy

(SBRT) for the treatment of liver tumors, it became feasible to

achieve high rates of tumor control while minimizing the irradia-

tion of the surrounding uninvolved liver, thereby reducing the risk

of RILD.2,3 SBRT needs to precisely deliver a highly conformal

dose to the target in fewer fractions. Hence, tumor motion evalu-

ation and its use in treatment planning are important for liver

SBRT.

There are several methods for determining liver tumor motion

in a simulation process, including four-dimensional computed

tomography (4DCT),4 inhale/exhale breath-hold CT and cine mag-

netic resonance imaging (MRI).5 Due to the density difference

between a tumor and the surrounding normal tissue, liver tumors

are generally only visible in contrast-enhanced CT scans. A syn-

chronized contrast injection method during 4DCT simulation has

been reported to account for the problem.4,6 However, because

intravenous contrast is not routinely used during pretreatment, it

is difficult to recognize the tumor in cone beam CT (CBCT)

images, and accurate patient alignment becomes a challenge in

liver SBRT. Fiducials implanted near the liver tumor have been

shown to be effective surrogates and are highly recommended.2

Bertholet et al. compared four CBCT-based setup strategies for

liver tumor. They concluded that marker-based setup was substan-

tially better than bony-anatomy setup.7

Tumor motion patterns may change during the treatment, with

either intra- or interfraction changes. Case et al. investigated intra-

and interfractional tumor motion variability using CBCT8 or respira-

tory-correlated CBCT.9 However, CBCT or respiratory-correlated

CBCT only represents the tumor motion over multiple respiratory

cycles during image acquisition. Real-time data from the treatment

can provide information with more detail about the tumor motion.

Using real-time data, Malinowski et al.10 showed that the tumor

baseline position can change in most treatment fractions in lung and

pancreatic cancer patients.

Understanding tumor motion before and during treatment is

important for high-quality SBRT treatments, especially for those in

which real-time tumor tracking is not available. For this purpose, we

investigated the logfile-based tumor motion amplitude, intra- and

interfraction tumor motion variability and baseline shift during the

course of treatment. The results might contribute to current knowl-

edge regarding liver tumor motion management.

2 | MATERIALS AND METHODS

2.A | Patients

In our institution, liver SBRT patients were treated with a robotic

CyberKnife (Accuray Incorporated, Sunnyvale, USA) using the Syn-

chrony Respiratory Tracking System (Accuracy Incorporated, Sunny-

vale, USA, Versions 10.05.x). The Synchrony system recorded the

real-time tumor motion data and other information in logfiles.

Between April 2017 and October 2017, 14 consecutive liver treat-

ment patients with a total of 66 fractions were included in the

study. Patients were treated with 3–10 fractions, for a total dose

ranging from 40 to 50 Gy. The median (range) treatment time per

fraction was 39 (33–49) min. The patient characteristics are reported

in Table 1.

2.B | Simulation, prescription and treatment
planning

All patients were implanted with 2–4 fiducials near the tumor under

CT guidance.11 Simulation was typically administered 7–10 days

after the implantation, which can minimize the risk of marker migra-

tion. The patients were supine with their arms along their sides and

were immobilized with a customized vacuum body mold. Exhalation

breath-hold contrast-enhanced planning CT was used for treatment

planning. An additional 4DCT was used to evaluate tumor motion in

all patients in case dynamic tracking was not possible during treat-

ment.

The gross target volume (GTV) was expanded by a 5-mm radial

and 8-mm craniocaudal margin for the planning target volume (PTV).

The radiation dose was prescribed according to the isodose surface

covering the PTV, typically 75% to 85% of the maximum PTV dose.

TAB L E 1 Patient characteristics (N = 14)

Characteristics

Age: Median (range) (yr) 57.5 (31–72)

Disease:

Primary liver cancer 3 (21%)

Liver metastasis 11 (79%)

GTV Volume: Median (range) (cc) 3.1 (0.3–19.1)

Total dose: Median (range) (Gy) 46.5 (40–50)

Dose per fx: Median (range) (Gy) 9.5 (5–14)

Fraction: Median (range) 5 (3–10)

Treatment time per fraction: Median (range) (min) 39 (33–49)
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SBRT was planned and delivered using the CyberKnife under free

breathing.

2.C | Synchrony respiratory tracking system

The primary concept of the tracking treatment using the Synchrony

system is to build a correlation model between the internal tumor

location and the external marker position.12 The internal tumor loca-

tion was determined using the centroid of fiducials, which were

implanted near the tumor before simulation, and the external optical

marker was attached to a vest worn by the patient during the treat-

ment. The correlation model is updated with each new X ray acquisi-

tion (typically every 60 s), thus accounting for the change of motion

pattern during treatment. More detailed information can be found in

the reference manual.13

The accuracy of the correlation model has been evaluated in a

previous publication.14 The mean correlation model errors were less

than 0.3 mm in their study, indicating that use of the correlation

model to predict the tumor position is reliable. The internal tumor

position throughout the treatment was estimated using the correla-

tion model and was stored in log files (Modeler.log).

2.D | Tumor motion analysis

Tumor motion amplitudes, baseline drifts and intra- and interfraction

amplitude variability during treatment were evaluated.

Logfile-based tumor motion amplitudes were defined as the

range of a 5% cutoff in each of the deepest inhale and exhale posi-

tions. To determine the 5% cutoffs, the probability distribution func-

tions (PDFs) of tumor positions were calculated using the data

recorded in the logfiles [Fig. 1(b)]. The cumulative probability as a

function of tumor positions also be calculated: the corresponding

positions of 5% (C5%) and 95% (C95%) cumulative probability were

the cutoffs [Fig. 1(c)], and the logfile-based amplitude was the range

between C5%–C95%. This logfile-based amplitude was compared with

the amplitudes decided by the 4DCT.

The intrafraction amplitude variability was defined as the stan-

dard deviation (SD) of the peak-to-peak distance (the peak-to-peak

distance was defined as the distance of each inhale peak to the next

exhale peak) during one treatment fraction.

The interfraction amplitude variability was defined as the SD of

the logfile-based tumor motion amplitude over the entire treatment

course.

Baseline shift was defined as a change in the mean tumor posi-

tion from the baseline position across 10-min blocks of data, The

mean tumor position of the first 5 min after starting the treatment

was taken as the baseline tumor position. The incidence of baseline

shift exceeding 2 mm and 5 mm were evaluated, based on the con-

sideration of (a) a > 2-mm setup error, which required realignment

for those patients treated with conventional LINAC at our institu-

tion; and (b) a 5–8 mm GTV to PTV margin. For comparison with

the other publication,15 the incidence of baseline shift exceeding

3 mm was also calculated.

3 | RESULTS

3.A | Tumor motion amplitude

Figure 2 shows a sample of the tumor motion during the treatment.

As expected, the liver tumor made reciprocating movements in the

superior–posterior direction, following the diaphragm motion. A

strong correlation of tumor motion between the superior–inferior (SI)

and anterior–posterior (AP) directions was observed [Fig. 2(d)]. The

median (range) Pearson coefficient was 0.913 (0.745–0.994) across

F I G . 1 . A schematic diagram for the definition of logfile-based
tumor motion amplitudes. The breathing cycles (a), the
corresponding tumor position probability distributions (b) and the
cumulative probability as a function with the tumor position (c). C5%
and C95% are the cutoff points.

96 | LIANG ET AL.



all fractions and patients (P < 0.05). No significant correlation of

tumor motion was observed between the SI and LR directions.

The median (range) logfile-based amplitudes were 11.9 (5.1–

17.3) mm, 1.3 (0.4–4) mm and 3.8 (0.9–7.7) mm in the SI, LR and AP

directions, respectively. The median (range) 4DCT-based amplitudes

were 9.0 (6.2–12.6) mm (SI), 0.3 (0–1) mm (LR) and 2.4 (1–5.7) mm

(AP), respectively. The result of Wilcoxon signed rank test showed

that the 4DCT-based amplitude was underestimated compared with

the logfile-based amplitude (P = 0.024, 0.001 and 0.001 for the SI,

LR and AP directions, respectively). Compared to the logfile-based

amplitude, the medians (ranges) of absolute differences from the

4DCT-based amplitude in the SI, LR and AP directions for the 14

patients were 1.8 (1.0–8.3) mm, 0.9 (0.3–3.8) mm and 1.2

(0.1–5.1) mm, respectively.

3.B | Intra-and interfraction amplitude variability
and baseline shift

Figure 3 shows the tumor motion in the SI direction for the first

three fractions for three representative patients. In fact, most of the

patients showed clear tumor motion pattern changes during the

course. The intrafraction amplitude variability included the peak-to-

peak distances change (e.g., the 3rd fraction of patient B), and the

tumor baseline position shifts (e.g., the 1st fractions of patients B

and C). A considerable intrafraction amplitude variability was

observed in the 2nd fraction of patient B because a dramatic peak-

to-distance change and baseline shift occurred simultaneously. In

addition, the interfraction amplitude varied significantly (patient A).

The first fraction of patient A showed a dramatic tumor position

variation, which may be caused by the nervousness of the patient at

the beginning of the treatment. It is worth noting that the observed

red points in Fig. 3 represent the tumor positions, which were

obtained using the orthogonal X ray imaging system. These findings

demonstrated that the tumor baseline did shift during treatment

with the shifting of the external marker baseline.

Figure 4 shows the relationship between the mean peak-to-peak

distance and the intrafraction amplitude variability in the SI direction.

The Pearson correlation coefficient was 0.847 (P < 0.001), indicating

a strong correlation. The medians (ranges) of intrafraction amplitude

variability across all patients were 4.3 (1.6–6.0) mm, 0.5 (0.2–

2.2) mm and 1.5 (0.3–3.3) mm for the SI, LR and AP directions,

respectively. The standard deviations of intrafraction amplitude vari-

ability among fractions, presented as the medians (ranges) of this

metric across patients, were 0.5 (0.2–1.7) mm, 0.1 (0–1) mm and 0.2

(0.1–0.7) mm for the SI, LR and AP directions, respectively, which

shows that the intrafraction amplitude variation has considerable sta-

bility during the treatment course. The medians (ranges) of interfrac-

tion amplitude variability across all patients were 1.7 (0.5–4.6) mm,

0.3 (0.1–3.0) mm and 0.7 (0.3–2.7) mm for the SI, LR and AP direc-

tions, respectively. An interfraction amplitude variation > 3 mm was

observed in only two cases. No correlation was found between the

intra- and interfraction amplitude variations.

The baseline shift occurs primarily toward the SI and AP direc-

tions. The medians (ranges) of baseline shift were 1.87 (0.06–

F I G . 2 . Sample of tumor motion during treatment. The most dominant motions are in the SI and AP directions (a, c). When the tumor moves
to the superior position, it also tends to move to the posterior position and vice versa (d). Superior (�), Inferior (+), Anterior (+), Posterior (�).
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12.04) mm, 0.35 (0–3.39) mm and 1 (0.02–7.21) mm for the SI, LR

and AP directions, respectively, and 2.26 (0.22–14.28) mm for the

3D (square root of the sum of the squares of the distances in the SI,

LR and AP directions). Pearson correlation analysis was used to

determine the linear relationship between the baseline shift and log-

file-based tumor motion amplitude [Fig. 5(a)] and between the base-

line shift and intrafraction amplitude variability [Fig. 5(b)] in the SI

direction. A positive correlation was found for the baseline shift and

logfile-based tumor motion amplitude (R = 0.699, P < 0.001), indicat-

ing that a baseline shift is more likely to occur in those patients with

large tumor motion amplitudes. However, no apparently linear trend

between baseline shift and intrafraction amplitude variability was

observed (R = 0.329, P = 0.01).

F I G . 3 . Intra- and interfraction motion
variations in the SI direction of the first
three fractions from three representative
patients. The green lines are the tumor
motion excursions extracted from the
correlation model. The red points are the
tumor positions acquired from an
orthogonal X ray image system during the
treatment delivery.

F I G . 4 . Scatter plot showing the intrafraction amplitude variability
as a function of the mean peak-to-peak distance.

F I G . 5 . Relationship between the baseline shift and the logfile-
based amplitude in the SI direction (a) and the relationship between
the baseline shift and the intrafraction amplitude variability in the SI
direction (b).
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Table 2 presents the incidences of baseline shifts exceeding

2 mm, 3 mm and 5 mm in the three time blocks for the SI, LR, AP,

and 3D directions. An apparent time trend increase in the incidence

of baseline shift can be observed. Interestingly, the incidence of

baseline shifts >2 mm in the SI direction for the first fraction was

35.7%, which is larger than the incidences of the 2nd and 3rd frac-

tions, which were 21.4% and 14%, respectively.

4 | DISCUSSION

The intra- and interfraction amplitudes clearly vary. Recently, real-

time observation of tumor movement during treatment is becoming

more common,16,17 and new apparatuses integrating this function

are gradually being used by clinical facilities.18,19 CyberKnife is the

earliest commercial device for real-time monitoring and tracking.

Logfile data from the Synchrony system record the tumor motion

during the treatment, and the amplitudes determined by the logfile

data may be closer to reality than 4DCT or CBCT methods. Eccles

et al.20 evaluated the liver tumor motion using cine-MRI, and the

scanning time was at least 5 min. The logfile-based amplitudes in

this study were consistent with the results reported by the above lit-

erature, which showed the amplitudes measured for long periods.

Knybel et al.15 analyzed the intrafraction amplitude variation in

lung tumors in a large sample via CyberKnife logfiles. Most cases

with intrafraction amplitude variations > 3 mm were at the area of

contact with a diaphragm. The authors also noted that the intrafrac-

tion amplitude variation increased with increases in the tumor

motion amplitude. Our results agree with that finding, indicating that

more attention should be paid to patients with large tumor motion

amplitude because these patients may have larger intrafraction

amplitude variability and higher probabilities of baseline shift.

Compared with the work of Knybel et al., our results show that the

magnitude and incidence of baseline shift in the liver are larger than

those in the lung.

Case et al.9 showed smaller intra- and interfraction amplitude

variations than our results. They used diaphragm motion instead of

liver tumor motion and analyzed the motion on respiratory-corre-

lated CBCT. Compared with the results reported by Case et al., Shi-

mohigashi et al.21 decreased the liver motion amplitude using

abdominal compression and significantly decreased intrafraction

motion variation, but the authors reported no improvement in inter-

fraction motion variation.

The baseline shift is an important factor for evaluating tumor

motion, especially for cases with gating treatment. For gating treat-

ment, the gating window is typically chosen such that the residual

tumor motion in the gating window is less than 5 mm.22 When a

baseline shift occurs, the tumor may move away from the gating

window, resulting in a longer treatment time or an underdose at the

target. Shah et al.23 observed the mean target position using

the pre–post-treatment CBCT of 126 patients. They reported that

the incidences of mean target position shifts > 2 mm and 5 mm

were 40.8% and 4.2%, respectively. A similar conclusion was made

by Takao Seishin et al.,24 who evaluated the baseline shift by tracing

the treatment couch of a real-time tumor tracking system and noted

that a longer treatment time may increase the incidence and magni-

tude of the baseline shift. Our results also supported their points.

For gating treatment with a long treatment time, tumor position

realignment before the dose delivery of each beam is an effective

way to re-determine the tumor baseline position. For those patients

with larger tumor motion amplitudes, the realignment should be per-

formed more frequently, even during the beam delivery.

Only a few studies have investigated the intrafraction rotation of

implanted liver markers.25,26 Bertholet et al.26 evaluated the rota-

tions using CBCT projections and found that the population-based

means of intrafraction rotations were 3.9° (LR), 2.9° (SI) and 4.0°

(AP). However, intrafraction rotations were not included in this

study, which is a limitation. Moreover, based on the definition of

tumor motion amplitude in this study, whether the choice of the 5%

deepest inhale and exhale positions for the cutoff affects the dose

of the target needs further evaluation.

5 | CONCLUSIONS

Data from the real-time tracking of liver tumors show tumor motion

during treatment. For liver tumors, the intrafraction amplitude varia-

tions were highly correlated with the mean peak-to-peak distance in

the SI direction. Tumor motion amplitude and treatment time may

be predictive of a baseline shift.
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TAB L E 2 Incidence of baseline shifts exceeding 2 mm, 3 mm, and
5 mm for the SI, LR, AP, and 3D directions.

Time block 1 Time block 2 Time block 3

>2 mm

SI 21.2% 34.5% 47.6%

LR 0.0% 3.4% 4.8%

AP 4.5% 17.2% 26.2%

3D 27.3% 50.0% 66.7%

>3 mm

SI 6.1% 20.7% 31.0%

LR 0.0% 0.0% 2.4%

AP 0.0% 5.2% 7.1%

3D 7.6% 25.9% 38.1%

>5 mm

SI 1.5% 13.8% 16.7%

LR 0.0% 0.0% 0.0%

AP 0.0% 1.7% 2.4%

3D 3.0% 15.5% 19.0%

LIANG ET AL. | 99



CONFILICT OF INTEREST

The authors declared that they have no conflicts of interest to this

work.

REFERENCES

1. Pan CC, Kavanagh BD, Dawson LA, et al. Radiation-associated liver

injury. Int J Radiat Oncol Biol Phys. 2010;76:S94–S100.

2. Goodman KA, Kavanagh BD. Stereotactic body radiotherapy for liver

metastases. Semin Radiat Oncol. 2017;27:240–246.

3. Scorsetti M, Arcangeli S, Tozzi A, et al. Is stereotactic body radiation

therapy an attractive option for unresectable liver metastases? A

preliminary report from a phase 2 trial. Int J Radiat Oncol Biol Phys.

2013;86:336–342.

4. Helou J, Karotki A, Milot L, et al. 4DCT simulation with synchronized

contrast injection in liver SBRT patients. Technol Cancer Res Treatm.

2016;15:55–59.

5. Fernandes AT, Apisarnthanarax S, Yin L, et al. Comparative assess-

ment of liver tumor motion using cine-magnetic resonance imaging

versus 4-dimensional computed tomography. Int J Radiat Oncol Biol

Phys. 2015;91:1034–1040.

6. Suh Y, Beddar S, Wen Z, et al. 4D and multi-phase breath-hold CT

imaging with synchronized intravenous contrast injection for liver

tumor delineation. Nuclear Science Symposium and Medical Imaging

Conference (NSS/MIC), 2013 IEEE: IEEE; 2013. p. 1-4.

7. Bertholet J, Worm E, Hoyer M, Poulsen P. Cone beam CT-based set-

up strategies with and without rotational correction for stereotactic

body radiation therapy in the liver. Acta Oncol. 2017;56:860–866.

8. Case RB, Sonke JJ, Moseley DJ, et al. Inter- and intrafraction vari-

ability in liver position in non-breath-hold stereotactic body radio-

therapy. Int J Radiat Oncol Biol Phys. 2009;75:302–308.

9. Case RB, Moseley DJ, Sonke JJ, et al. Interfraction and intrafraction

changes in amplitude of breathing motion in stereotactic liver radio-

therapy. Int J Radiat Oncol Biol Phys. 2010;77:918–925.

10. Malinowski K, McAvoy TJ, George R, D’Souza WD. Incidence of

changes in respiration-induced tumor motion and its relationship

with respiratory surrogates during individual treatment fractions. Int

J Radiat Oncol Biol Phys. 2012;82:1665–1673.

11. Seppenwoolde Y, Wunderink W, Wunderink-van Veen SR, et al.

Treatment precision of image-guided liver SBRT using implanted

fiducial markers depends on marker-tumour distance. Phys Med Biol.

2011;56:5445–5468.

12. Ozhasoglu C, Saw CB, Chen H, et al. Synchrony–cyberknife respira-

tory compensation technology. Med Dosi. 2008;33:117–123.

13. Urschel HC, Kresl JJ, Luketich JD, et al. Treating Tumors that Move

with Respiration. Berlin, Heidelberg: Springer; 2007.

14. Hoogeman M, Prevost JB, Nuyttens J, et al. Clinical accuracy of the

respiratory tumor tracking system of the cyberknife: assessment by

analysis of log files. Int J Radiat Oncol Biol Phys. 2009;74:297–303.

15. Knybel L, Cvek J, Molenda L, Stieberova N, Feltl D. Analysis of lung

tumor motion in a large sample: patterns and factors influencing pre-

cise delineation of internal target volume. Int J Radiat Oncol Biol

Phys. 2016;96:751–758.

16. Descovich M, McGuinness C, Kannarunimit D, et al. Comparison

between target margins derived from 4DCT scans and real-time

tumor motion tracking: insights from lung tumor patients treated

with robotic radiosurgery. Med Phys. 2015;42:1280–1287.

17. Habermehl D, Naumann P, Bendl R, et al. Evaluation of inter- and

intrafractional motion of liver tumors using interstitial markers and

implantable electromagnetic radiotransmitters in the context of

image-guided radiotherapy (IGRT) - the ESMERALDA trial. Radiat

Oncol. 2015;10:143.

18. Poulsen PR, Worm ES, Hansen R, et al. Respiratory gating based on

internal electromagnetic motion monitoring during stereotactic liver

radiation therapy: first results. Acta Oncol. 2015;54:1445–1452.

19. Omari EA, Erickson B, Ehlers C, et al. Preliminary results on the fea-

sibility of using ultrasound to monitor intrafractional motion during

radiation therapy for pancreatic cancer. Med Phys. 2016;43:5252.

20. Eccles CL, Patel R, Simeonov AK, et al. Comparison of liver tumor

motion with and without abdominal compression using cine-mag-

netic resonance imaging. Int J Radiat Oncol Biol Phys. 2011;79:602–

608.

21. Shimohigashi Y, Toya R, Saito T, et al. Tumor motion changes in

stereotactic body radiotherapy for liver tumors: an evaluation based

on four-dimensional cone-beam computed tomography and fiducial

markers. Radiat Oncol. 2017;12:61.

22. Keall PJ, Mageras GS, Balter JM, et al. The management of respira-

tory motion in radiation oncology report of AAPM Task Group 76.

Med Phys. 2006;33:3874–3900.

23. Shah C, Grills IS, Kestin LL, et al. Intrafraction variation of mean

tumor position during image-guided hypofractionated stereotactic

body radiotherapy for lung cancer. Int J Radiat Oncol Biol Phys.

2012;82:1636–1641.

24. Takao S, Miyamoto N, Matsuura T, et al. Intrafractional baseline shift

or drift of lung tumor motion during gated radiation therapy with a

real-time tumor-tracking system. Int J Radiat Oncol Biol Phys.

2016;94:172–180.

25. Xu Q, Hanna G, Grimm J, et al. Quantifying rigid and nonrigid

motion of liver tumors during stereotactic body radiation therapy.

Int J Radiat Oncol Biol Phys. 2014;90:94–101.

26. Bertholet J, Worm ES, Fledelius W, Hoyer M, Poulsen PR. Time-

resolved intrafraction target translations and rotations during stereo-

tactic liver radiation therapy: implications for marker-based localiza-

tion accuracy. Int J Radiat Oncol Biol Phys. 2016;95:802–809.

100 | LIANG ET AL.


