
OR I G I N A L R E S E A R C H

Stereotactic Body Radiotherapy for Locally
Advanced Pancreatic Cancer Using Optical Surface
Management System – AlignRTas an Optical Body
Surface Motion Management in Deep Breath Hold
Patients: Results from a Single-Arm Retrospective
Study
Hrvoje Kaučić 1,2, Domagoj Kosmina 3, Dragan Schwarz 4–6, Andreas Mack 7,
Adlan Čehobašić 2,3, Vanda Leipold 2,3, Asmir Avdićević 1, Mihaela Mlinarić 3, Matea Lekić 1,
Karla Schwarz 8, Marija Banović 9

1Department of Radiosurgery and Radiotherapy, Special Hospital Radiochirurgia Zagreb, Sveta Nedelja, Croatia; 2University Josip Juraj Strossmayer in
Osijek – Medical Faculty Osijek, Osijek, Croatia; 3Department of Medical Physics, Special Hospital Radiochirurgia Zagreb, Sveta Nedelja, Croatia;
4Department of Surgery, Special Hospital Radiochirurgia Zagreb, Sveta Nedelja, Croatia; 5Department of Surgery, Medical Faculty of University in
Rijeka, Rijeka, Croatia; 6Department of Surgery, University Josip Juraj Strossmayer in Osijek – Faculty of Dental medicine and Health, Osijek, Croatia;
7Swiss NeuroRadiosurgery Center, Swiss Clinical NeuroScience Institute, Zürich, Switzerland; 8University of Zagreb, Medical Faculty, Zagreb, Croatia;
9Department of Endocrinology, Polyclinic Leptir, Zagreb, Croatia

Correspondence: Hrvoje Kaučić, Specijalna Bolnica Radiochirurgia Zagreb, Ulica Dr. Franje Tuđmana 4, Sveta Nedelja, 10431, Croatia,
Tel +385 91 5622 191, Email hrvoje.kaucic@radiochirurgia.hr

Purpose: To assess the efficacy and safety of stereotactic body radiotherapy for patients with unresectable, locally advanced
pancreatic cancer using Optical Surface Management System – AlignRT (OSMS-AlignRT) as an optical body surface motion
management in deep breath hold.
Patients and Methods: Forty-five patients diagnosed with locally advanced pancreatic cancer were treated with stereotactic body
radiotherapy in 3 or 5 fractions, and received varying BED10 (median 79.5 Gy) from April 2017 to December 2020. All patients were
treated in deep breath hold with OSMS-AlignRT used as optical body surface motion management. Thirty-three patients received
systemic treatment before and/or after stereotactic body radiotherapy, and twelve patients received no systemic treatment. In this
retrospective, observational, single-arm study, primary endpoints were overall survival and freedom from local progression (ie, local
control). Secondary endpoints were progression-free survival and toxicity. Actuarial survival analysis and univariate analysis were
investigated.
Results: Data from forty-five patients were analyzed. Median follow-up was 15 months. One-year freedom from local progression and
survival were 95.5% and 71.1%, respectively. Median progression-free survival was 14 months. Median overall survival from
diagnosis for all patients was 17 months, and 19 months for patients alive at the time of analysis. No patient had >G2 toxicity.
Conclusion: Stereotactic body radiotherapy for locally advanced pancreatic cancer using OSMS-AlignRT as optical body surface
motion management in deep breath hold patients is an effective and safe local treatment option, with no >G2 toxicity, and could be
a promising therapeutic option with acceptable toxicity, either as a single treatment or in a multimodal regimen. OSMS-AlignRT
provided accurate and reliable body surface motion management during stereotactic body radiotherapy.
Keywords: AlignRT, locally advanced pancreatic cancer, Optical Surface Management System, pancreatic SBRT, surface guided
radiotherapy
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Plain Language Summary
● Patients diagnosed with unresectable, locally advanced pancreatic cancer represent a particular problem in oncology, due to the

challenges in local treatment.
● As there are still no published data on OSMS-AlignRT as optical body surface motion management during stereotactic body

radiotherapy for locally advanced pancreatic cancer, our study aimed to evaluate the efficacy and safety of this treatment
approach.

● During stereotactic body radiotherapy, OSMS-AlignRT reliably monitors both steadiness of patients’ deep breath hold and all
additional possible movements (eg, drifts).

● The tumor and organs at risk are more clearly visible on planning MSCT and on daily cone beam CT scans in deep breath hold,
which makes contouring, treatment planning, and daily image guidance easier and more reliable compared with free breathing.

● During the treatment in deep breath hold, the organs at risk move away from the tumor, which makes them easier to spare from
excess of radiation.

● Stereotactic body radiotherapy in deep breath hold requires compliant patient to be adequately conducted.
● Stereotactic body radiotherapy as a local treatment for locally advanced pancreatic cancer using OSMS-AlignRT for body

surface motion management presented in our study as an effective, safe, and well tolerated option with favorable clinical
outcomes: median overall survival was 17 months, 1-year local control and 1-year survival were 95.5% and 71.1%, respectively,
with no > G2 toxicity.

Introduction
Pancreatic cancer is generally one of the deadliest cancers, and will potentially represent the second leading cause of
cancer death by 2030.1 Median survival for resected patients following adjuvant therapy ranges from 20–28 months.2–5

In general, 50–80% of patients are affected by locoregional relapse, over 70% by systemic relapse; for radically resected
patients, 5-year survival rate is around 10–20%, and 30% experience isolated locoregional disease progression.6,7

The subgroup of patients with surgically unresectable, locally advanced pancreatic cancer (LAPC) represents
a particular problem in oncology, due to the challenges in local treatment. In recent years, stereotactic body radiotherapy
(SBRT) has emerged as an effective and safe form of local treatment for patients with LAPC.8,9

Motion management plays a crucial role in sparing surrounding organs at risk (OARs) during SBRT. The duodenum, the
stomach, and the small bowel are among themost highly radiosensitive OARs in the abdomen and it is critical to spare them from
any excess radiation.10–12 Mitigation of respiratory motions is typically achieved with commercially available abdominal
compressing devices. Respiratory gating uses correlation of the tumor’s position in selected phase of breathing cycle with
external surrogate, and this correlation accounts only for respiratory motion.13 Generation of the 4D-CT internal tumor volume
(ITV) is another technique to compensate for tumor movements, but ITV does not accurately represent the daily tumor motions,
as significant discrepancies of the abdominal target’s positions are frequently observed between planning multi-sliced computed
tomography (MSCT) and daily cone-beam computed tomography (CBCT) for the same patients.14 Deep breath hold (DBH)
during SBRT is also a possible motion management technique, but requires adequate monitoring to be sufficiently accurate.15

Intrafractional fiducial-implanted tumor tracking technique is most often used in robotic arm based linacs.16,17 However, not all
patients are candidates for fiducial implantation, due to
possible unfavorable anatomy or medical conditions that prevent them from safe implantation, and general contraindications for
contrast-enhanced CT (MSCT). Magnetic resonance (MR) - linacs use on-board cine-MR imaging devices for intrafractional
motion management. The technique is non-invasive and very accurate, but some gating uncertainties still remain due to the time
delay of the MRI.

The primary goal of this study was to evaluate the efficacy and safety of SBRT for LAPC using OSMS-AlignRT as optical
body surface motion management in deep breath hold patients. Furthermore, we aimed to report our clinical outcomes (overall
survival, local and distal disease control, and toxicity) with this treatment approach, to compare them with previously reported
data (achieved with different motion management techniques and fractionation regimens), and to present our experiences and
workflowwith this motionmanagement technique. After thoroughly conducting a search of PubMedCentral database, we found
no published data on the use of OSMS-AlignRT during SBRT for LAPC. Surface guidance is most commonly used during
radiotherapy for thoracic and abdominal targets – breast,18,19 lung, liver and adrenal tumors.20
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Patients and Methods
Patients
Medical data of 45 consecutive patients diagnosed with LAPC were analyzed in this retrospective, single-arm, single-
institution, observational study, approved by the Institutional ethics committee. All patients were treated from April 2017
to December 2020, and were available for regular follow-up. Patients’ characteristics are shown in Table 1.

Prior to treatment, all patients were considered and approved for SBRT by our institution’s multidisciplinary tumor
board. Inclusion criteria were: unresectable, histologically proven pancreatic adenocarcinoma, age ≥18, ECOG 0–2,
radiologically negative regional lymph nodes and no signs of distant metastasis, gastric or duodenal obstruction, and no
previous abdominal radiotherapy. Unresectable pancreatic cancer was defined according to the arterial and venous criteria
for resectability status.2,21 All procedures performed were in accordance with the national medical ethical standards and
with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Standard written informed
treatment consent was signed by, and obtained from every patient.

As our Institution does not provide systemic therapy, it was indicated and provided by each patient’s referring medical
oncologists’ team, and administered appropriately at least seven days before and after SBRT, due to the
possible toxicities.

Optical Surface Management System – AlignRT
OSMS-AlignRT (Vision RT, London, UK) is an optical monitoring system of body surface movements during radio-
therapy, consisting of three camera units.22 Each unit uses a projector of a pseudo-random speckle pattern of red light that
illuminates the patient’s body surface, and image sensors to three dimensionally reconstruct the patient’s body surface
contour in thousands of points (Figure 1A). The system tracks any movements of the body contour in real time with
a frequency of 5–10 Hz and submillimeter accuracy, is non-invasive, and does not use ionizing radiation for tracking. It
can be used both for patient positioning and motion tracking. Furthermore, combined with CBCT, it allows for more
reliable image guidance. According to the manufacturer’s specifications, the lag time of the system is < 100 milliseconds.

The default body contour (DBC) is defined as a patient’s body contour on planning MSCT. Region of interest
(ROI) is a part of the body surface contour, best suited for tracking, defined by user, typically the region of upper
abdomen above the PTV (Figure 1B). During the treatment, OSMS-AlignRT monitors the alignment of a patient’s
body contour ROI on the treatment table with an ROI of DBC. Gating windows allow tolerable mismatch of ROIs
in any direction within specified values. While ROIs are aligned within the gating windows, OSMS-AlignRT is
“in green” and the beam is “on”. When the ROIs’ mismatch exceeds the gating windows, OSMS-AlignRT goes
“in red” and automatically shuts off the beam.

Table 1 Patients’ Characteristics

Number of patients 45

Mean age in years 67 (range 45–87)
Sex (M: F) 20: 25

Primary site

Head 33 (73%)
Body/tail 12 (27%)

Systemic treatment

Gemcitabine-based 16 (36%)
FOLFIRINOX 17 (38%)

No systemic treatment 12 (27%)

Median CTV (cm3) 45 (range 7.2–136.2)
Median PTV (cm3) 103.8 (range 32.8–217.6)

Abbreviations: CTV, clinical target volume; FOLFIRINOX, fluorouracil/
leucovorin/irinotecan/oxaliplatin; PTV, planning target volume.

Cancer Management and Research 2022:14 https://doi.org/10.2147/CMAR.S368662

DovePress
2163

Dovepress Kaučić et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Stereotactic Body Radiotherapy
Patients were in supine position either on a wing-board or vacuum pillow, with their arms above the head. No further
immobilization was used. Treatments were delivered by a Varian EDGE linear accelerator (Varian Medical Systems, Palo
Alto, California, USA). DBH was in inhale phase for all patients.

A contrast-free MSCT scan in DBH with a slice thickness of 1 mm was acquired for all patients for the purpose of
treatment planning. Routinely, contrast-free MRIs (T1 and T2) of the abdomen in DBH were also acquired for all

Figure 1 OSMS-AlignRT – pseudo-random speckle pattern of red light on patient body surface (A). ROI (green) on a body contour (magenta) (B).
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patients, and subsequently coregistered (with deformable registration methods) with planning MSCT. The clinical target
volume (CTV) was defined as the gross tumor volume (GTV) with no additional margins. CTV was delineated on the T1
or T2 images of the MRI, and further corrected on MSCT scan, as needed. OARs were contoured on planning MSCT
scans. If the lesion or the OARs were not clearly visible on contrast-free imaging, additional contrast-enhanced MSCT
(with late arterial phase) and/or contrast-enhanced MR of the abdomen were acquired and subsequently coregistered
(with deformable registration methods) with planning MSCT.

SBRT plans were optimized and delivered using Volumetric Arc Therapy. Beam energy of 6 and/or 10 MV, with
Flattening Filter Free photon beams was used for all patients, to achieve best dose distributions, while having plans with
low modulation and high QA passing rates. Biological effective dose was calculated using alpha/beta = 10 Gy for tumor
(BED10). Three fractionation regimens were used (corresponding BED10 and number of patients treated are
listed respectively):

● 5 x 8 Gy (BED10 = 72 Gy), 22 patients (48.9%)
● 3 x 12 Gy (BED10 = 79.2 Gy), 12 patients (26.7%)
● 5 x 9 Gy (BED10 = 85.5 Gy), 11 patients (24.4%)

Median BED10 was 79.2 Gy.
The optimal fractionation regimen for each patient was chosen to achieve the goal of OARs sparing (Table 2).23,24

The primary OARs were: the stomach, the duodenum, and the small intestine. The dose-volume constraints for
them were:

● 3-fraction: V (1 cm3) < 31.4 Gy, V (5 cm3) < 23.2 Gy, V (10 cm3) < 16.7 Gy.
● 5-fraction: V (1 cm3) < 36 Gy, V (5 cm3) < 25.5 Gy and V (10 cm3) < 18.5 Gy.

We followed Radiation Therapy Oncology Group (RTOG) recommendations for the dose–volume constraints for
other OARs.

The dose was applied heterogeneously, and there was no planning constraint on the maximum dose as long as it was
located inside the planning target volume (PTV). Average maximum of the prescription dose was 126% (± 5.2%).
Average Conformity Index was 1.10 ± 0.05. A required target coverage V (98–99.5%) of the prescribed dose for the PTV
was 80% (Figure 2). Target coverage was prioritized over OAR sparing as long as previously mentioned OAR constraints
were met. No replans were done.

The therapeutic position of the tumor was defined as the anatomical position of the tumor on the planning MSCT in
DBH. OSMS-AlignRT was used as gating management. Gating windows were set to 3 mm, according to manufacturer’s
specifications for abdominal lesions.

During daily treatments, the workflow was as follows:

Table 2 Summary of Planning Dose–Volume Objectives

OARs Three Fractions Five Fractions

Stomach, Duodenum, and Small Intestine V (31, 4 Gy) < 1 cm3 V (42 Gy) < 1 cm3

V (23, 3Gy) < 5 cm3 V (25, 4 Gy) < 5 cm3

V (16, 1Gy) < 10 cm3 V (17, 6 Gy) < 10 cm3

Liver V (17 Gy) < 700 cm3 V (21 Gy) < 700 cm3

Great vessels Dmax < 45 Gy Dmax < 53 Gy

Spinal cord Dmax < 22 Gy Dmax < 30 Gy
Kidneys V (14, 4 Gy) < 200 cm3 V (17, 5 Gy) < 200 cm3

Abbreviations: Dmax, maximal dose; Gy, Gray; OARs, organs at risk; V (dose), volume receiving dose (in Gy).
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1. Prior to treatment, OSMS-AlignRT was loaded with DBC from planning system for the patient.
2. Initial positioning of the patient in free breathing on the treatment table was performed using laser guidance

and CBCT.
3. The patient was instructed to take and hold deep breath the same way as during the MSCT planning, and

alignment of the ROI of body contour on a treatment table with the ROI of the DBC was confirmed with
OSMS-AlignRT (“in green”).

4. The CBCT in DBH with OSMS-AlignRT “in green” was then repeated to further check the alignment of the GTV
on planning MSCT with the GTV on CBCT, and patient’s position was corrected as needed.

5. Patient was instructed to breathe freely for a while.
6. Patient was then instructed to take and hold deep breath again, the treatment started when OSMS-AlignRT came

“in green” and as long as OSMS-AlignRT remained “in green”, the treatment beam was “on”.
7. When the patient could not hold the breath anymore, or body contour moved out of gating window for any other

reason (OSMS-AlignRT “in red”), the beam was automatically shut off.

Steps 5.– 7 were then repeated to the end of the fraction.
Given the possible additional movements of the tumor in the body, the PTV to CTV margin was 5 mm for all

patients which was, in our opinion, sufficient to compensate for residual/intrinsic tumor motions, with no need for
further compensation for patient’s positioning uncertainties before or during the fraction, for several reasons:

1. CBCT with OSMS-AlignRT “in green” was performed before the start of each fraction, to check the patient’s
positioning and alignment of the GTV on planning MSCT with the GTV on CBCT.

2. The same routine was repeated regularly after 50% of planned dose delivery to re-check the patient’s position and
to correct any eventual mismatch.

3. If OSMS-AlignRT detected significant and permanent deviation of ROIs at any time during the fraction, the same
routine was repeated.

According to the system’s reports, the “beam on” was on average 10–15% of total treatment time, calculated from
the first beam engage to the end of the fraction. Average time per fraction on a treatment couch was 30 minutes
for patients treated in 5 fractions, and 42 minutes for patients treated in 3 fractions.

Patients’ Preparations for the Treatment in DBH
Prior to treatment planning, all patients were “tested” on OSMS-AlignRT, to determine if they could adequately
(repeatedly and consistently for at least 20 seconds) hold their breath. If needed, further breathing coaching was
performed, and the test was repeated. Also, all patients were provided with written recommendations on diet, including

Figure 2 Typical GTV (A) and dose distribution (80–130% of prescribed isodose) in colorwash (B).
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instructions to stop taking food and drinks 2–3 hours before the treatment, and to take proton-inhibitors and antiflatulent
drugs (eg, simethicone) to reduce flatulence and weight loss during the treatment, all in order to minimize daily
anatomical variations. For the same reasons, the time from the planning to the start of the treatment was kept as short
as possible (on average 7–10 days).

Response Evaluation and Follow-Up
Follow-up was regularly scheduled every three months after SBRT by the treating radiation oncologist with clinical
examination and a contrast-enhanced MSCT scan. Local and distant control were defined according to RECIST criteria.25

Acute and late toxicity was scored according to the National Cancer Institute (NCI) Common Terminology Criteria for
Adverse Events (CTCAE) v4.03.

Statistical Analysis
The conformity index (CI) was defined as the ratio of the volume of the 80% isodose line to the volume of the PTV.
Endpoints were: overall survival (OS), freedom from local progression or local control (FFLP/LC), progression-free
survival (PFS), and toxicity rate. One-year survival was calculated as the ratio of patients that survived at least one year
(12 months) and all patients. FFLP was calculated from the time of diagnosis to the first finding of local progression.
Local relapse was defined as radiological progression of the primary lesion within the PTV. PFS was calculated from the
time of diagnosis to the first assessment of disease progression. Patients that did not develop disease progression were
censored at the date of the last scan. OS was calculated from the time of diagnosis to death. FFLP, PFS, and OS rates
were calculated by Kaplan-Meier method; the Log rank test statistic was used for univariate analysis. A significant
difference was considered when P ≤ 0.05.

Results
Median follow-up was 15 months (range 5–56 months). Median OS was 17 months (range 6–56 months). Fifteen
(33.3%) patients were alive at the time of analysis. Median follow-up in this subgroup was 18 months (range 13–56
months) and median OS was 19 months (range 13–56 months). Median time from diagnosis to SBRT was 3 months
(range 1–8 months). Table 3 summarizes the results for FFLP, PFS and OS from diagnosis, and OS from the treatment
(OSt). In Figure 3A an actuarial curve for OS is shown.

Thirty-three patients (73.3%) received systemic treatment. Twelve patients (26.7%) received no systemic treat-
ment (Table 1). Nineteen patients (57.5%) received chemotherapy before (2–4 cycles) and after SBRT, and 14
patients (42.5%) received chemotherapy only after SBRT. On actuarial analysis, patients that received chemotherapy
had better OS (P = 0.024) (Figure 3B). No patient was surgically treated or re-irradiated during follow-up.

Five patients (11%) had radiological local disease progression (at 7, 12, 14, 20 and 25 months, all accompanied by
distal progression). Nine patients (20%) had radiological local regression. The remaining 31 patients (69%) had
radiologically stable local disease. Median PFS was 14 months (range 5–25 months). Thirty-five patients (77.8%) had
systemic progression of the disease, and ten (22.2%) had stable state. On actuarial analysis, patients that had no systemic
progression had better OS (P = 0.024) (Figure 3C).

Table 3 Summary of the Actuarial Analysis for FFLP, PFS, OS and OSt

Endpoints Median One-Year

FFLP 14 months* 95.5%

PFS 14 months, (95% Cl: 11.8 to 15.2) 68.9%
OS 17 months, (95% CI: 14.8 to 21.3) 71.1%

OSt 14 months, (95% CI: 11.5 to 18) 57.8%

Note: *Five cases of local failure at 7, 12, 14, 20 and 25 months.
Abbreviations: CI, confidence interval; FFLP, freedom from local progression; PFS, progression-free
survival; OS, overall survival; OSt, overall survival from treatment.
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Median GTV was 45 cm3 (range 7.2–136.2 cm3) and median PTV was 103.8 cm3 (range 32.8–217.6 cm3). After
thorough statistical analysis, we found no impact of tumor volume on survival (P = 0.1577) (Figure 3D).

Twenty-nine (64.4%) patients had grade 1 or 2 acute toxicities: nausea, fatigue, and abdominal spasm or pain, that
were successfully treated with symptomatic treatment. Five patients (11.1%) had G2 late toxicity (abdominal spasm or
pain, and/or gastroesophageal reflux), developed 6 months or more after SBRT, that were successfully treated with
symptomatic treatment. No acute or late toxicity G3 (bleeding from gastrointestinal track or perforations) was reported.

Discussion
In the last years SBRT in the treatment of LAPC has been investigated with a goal of confirming the assumed impact of
LC on OS, impact of dose escalation on LC, and the importance of adequate motion management.

Zhu et al in study from 2019 concluded that BED10 ≥ 60 Gy might be required to achieve better LC in pancreatic
cancer.26 Comito et al used SBRT for LAPC with an abdominal compression for motion mitigation, with BED10 = 78.8 Gy.
One-year FFLP and OS were 87% and 85% respectively, and median OS was 19 months. Significant positive correlation
between FFLP as well as OS was shown.27 Seo used respiratory gating for motion management during SBRT for a total of
79 patients with LAPC, with median BED10 = 47.6 Gy. Median OS was 16 months, and the 1-year OS, PFS and FFLP rates
were 85%, 57%, and 96%, respectively. Isolated local progression occurred in 7 patients (11%), distant metastasis in 51
patients (80%), and both in 6 patients (9%), respectively.28

Figure 3 Actuarial curve of overall survival for all patients (A). Actuarial curve of survival for patients receiving/not receiving chemotherapy (Log rank, P = 0.0235) (B).
Actuarial curve of survival for patients with/without systemic progression (Log rank, P = 0.0241) (C). Actuarial curve of survival for patients with tumor volume < 45 ccm/
tumor volume > 45 ccm (Log rank, P = 0.1577) (D).
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In numerous other studies published in the last years, 1-year FFLPs were reported ranging from 40–96%, median
OSs were ranging from 10–20 months, and applied BED10s were ranging from 37.5–102.6 Gy.11,27–37 Clinical
outcomes presented in our study are rather comparable with those from previously cited studies, with 1-year FFLP
of 95.5%, 1-year OS of 71.1%, median OS of 17 months, and BED10 of 79.2 Gy. The number of enrolled patients and
median follow-up time in our study are also comparable with those from previously cited studies. Similar clinical
outcomes were reported recently, in 2020, by Chuong et al from their experience with 5-fraction adaptive MR-guided
SBRT for LAPC,38 and in pooled analysis from Mahadevan et al of tumor control probability models to evaluate the
comparative effectiveness of the various SBRT treatment regimens used in the treatment of patients with LAPC
(HyTEC review).39

According to our experience, OSMS-AlignRT provided accurate and reliable body surface motion tracking during all
treatments. Lens et al in their study, monitored solely steadiness of breath hold, using SpiroDynr’X system, which
registered airflow through a mouthpiece with a spirometer, and reported significant residual tumor movements.15 We used
OSMS-AlignRT along with CBCT for initial patient positioning, and to monitor both steadiness of breath hold and any
possible additional patient’s movements (eg, drifting, coughing), that could contribute to overall tumor’s motions during
the treatment. Additional intrinsic/residual tumor motions (eg, caused by peristalsis, heartbeat) were principally com-
pensated for with PTV to CTV margins.

It is our impression that the accurate and reliable body surface motion management of patients’ DBH and additional
movements during the treatments, provided by OSMS-AlignRT, allowed us to safely apply ablative doses to the tumor,
while keeping the doses to the OARs within the recommended dose-volume constraints. This approach could have
contributed to favorable clinical outcomes and acceptable toxicity presented in our study. In our experience, planning and
conducting SBRT for LAPC in DBH had the following advantages: 1) clear visibility of the tumor and OARs on planning
MSCT and on daily CBCTs, which made contouring, treatment planning and daily image guidance easier and more
reliable, 2) moving the OARs away from the GTV, which made them easier to spare from the excess radiation, and 3) no
need for abdominal compression or rigid immobilization of the patients. The following disadvantages were observed, as
well: 1) need for patient’s strict compliance during all steps of the treatment, 2) favoring the patients with a better
performance status, and 3) prolongation of the treatment time on a table.

The majority of treated patients (77.8%) had systemic (regional and/or distal) progression of the disease during
follow-up, and had statistically significant inferior OS. Furthermore, statistically significantly better OS was observed for
patients that received chemotherapy before and/or after SBRT. Local control in our study was satisfactory, as only 5
patients (11.1%) had local disease progression during follow-up. We performed thorough statistical analysis to determine
possible “cut off” value of tumor volume that would yield statistically significant impact on survival. As no such value
was found, we presented the actuarial curve of survival for patients with tumor volume larger and smaller than median
tumor volume. This finding is contrary to previously published data. Toxicity profile of SBRT was very acceptable, with
64.4% of patients experiencing mild to moderately acute toxicities.

Conclusion
Our results indicate that SBRT for LAPC using OSMS-AlignRT as optical body surface motion management provides
favorable clinical outcomes and allows for safe dose delivery with acceptably low toxicities, but requires compliant
patients. This treatment could be considered as an effective, safe, and well tolerated local therapeutic option for LAPC, as
a single treatment, and probably even more effective as part of multimodal treatment.

Future studies and trials are needed to evaluate the role of OSMS-AlignRT for optical body surface motion tracking
during SBRT for primary and secondary malignancies of other localizations.

Abbreviations
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