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Simulated dosimetric impact of online replanning for stereotactic body
radiation therapy of lymph node oligometastases on the 1.5T MR-linac
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ABSTRACT
Purpose: Online 1.5T MR imaging on the MR-linac gives better target visualization compared to CBCT
and facilitates online adaptive treatment strategies including daily replanning. In this simulation study,
the dosimetric impact of online replanning was investigated for SBRT of lymph node oligometastases
as a method for correcting for inter-fraction anatomical changes.
Methods: Pre-treatment plans were created for 17 pelvic and para-aortic lymph nodes, with 3 and
8mm PTV margins reflecting our clinical practice for lymph nodes with good and poor visibility on
CBCT. The dose–volume parameters of the pre-treatment plans were evaluated on daily anatomy as
visible on the repeated MRIs and compared to online replanning.
Results: With online MRI-based replanning significant dosimetric improvements are obtained for the
rectum, bladder, bowel and sigmoid without compromising the target dose. The amount of unin-
tended violations of the dose constraints for target and surrounding organs could be reduced by 75%
for 8mm and 66% for 3mm PTV margins.
Conclusion: The use of online replanning based on the actual anatomy as seen on repeated MRI com-
pared to online position correction for lymph node oligometastases SBRT gives beneficial dosimetric
outcomes and reduces the amount of unplanned violations of dose constraints.
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Introduction

Image-guided radiation therapy (IGRT) has become increas-
ingly important in modern radiotherapy to reduce the effect
of treatment variations, such as setup errors and geometric
variations of the target volume and organs at risk (OAR).
Currently, most modern radiotherapy treatment systems are
equipped with cone-beam computed tomography (CBCT) to
visualize the tumour [1]. CBCT has greatly contributed to pre-
cision radiotherapy for sites in which the tumour is clearly
visible on CBCT, however it yields relatively poor soft tissue
contrast. The lack of soft tissue contrast can make it difficult
to accurately identify the target and surrounding OARs for
soft tissue targets; therefore bony anatomy or artificial
markers are frequently used as a surrogate for position
verification [2–4]. These procedures still result in quite large
planning target volume (PTV) margins [5] or are invasive
with additional burden for the patient.

Magnetic resonance imaging (MRI) guided radiotherapy treat-
ment systems are commercially available and used in clinical
practice and allow improving plan quality through online adap-
tion [6–8]. With the 1.5T MR-linac [9], diagnostic quality images
are available of the actual patient anatomy during treatment
and MR-guided online adaptive workflows can be used [10].

Based on our institutional clinical experience, lymph node oligo-
metastases are often small with mean gross tumour volumes
(GTV) of <3cc, (as defined by expert radiation oncologists) and
are poorly visible on CBCT in about 30% of all cases. The super-
ior soft tissue contrast of online MR-images gives a better visibil-
ity of the target and surrounding OAR when compared to CBCT
[11] which will potentially help to reduce the PTV margins.

For treatment of lymph node oligometastases, stereotactic
body radiation therapy (SBRT) [12–14] is an often applied
technique in which a relatively high amount of dose is deliv-
ered in few fractions with a very steep dose gradient [15]. In
current clinical practice of SBRT for these targets inter-frac-
tion motion is accounted for by online couch translation and
(sometimes) small table rotations. Online couch translations
account for rigid motion of the target, but do not deal with
non-rigid changes of the PTV such as changes in size or
shape. Differences between the planned and delivered dose
after position corrections can also occur because of changes
in the physical path and changes in tissue attenuation rela-
tive to the original plan [16]. When treating these tumours
on the MR-linac, one can account for geometric variations of
the target and OARs, as well as changes in the physical path
and tissue attenuation. To accomplish this for external beam
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radiotherapy, online replanning is the optimal approach to
fully incorporate all available anatomical data provided on
the MR-linac and to deliver a highly conformal dose to the
tumour, while optimally sparing the OARs.

A recent study on SBRT for the treatment of oligometa-
static disease of the abdomen and central thorax has shown
that a combination of high dose, few fractions and a steep
dose gradient improves with adaptive treatment on MR
guided radiotherapy systems in terms of precise and
conformal dose delivery and preventing potentially toxic
violations of dose constraints [17]. Similar benefits could
potentially be achieved with full online replanning of lymph
node oligometastases for the pelvic and para-aortic region.
By performing full online replanning a new plan is created
on the daily anatomy while the patient is on the table, with-
out making use of a pre-treatment plan. Further dosimetric
benefits could potentially be gained by a reduction of the
PTV, because of better target visualization when treating on
an MR-linac for lymph node oligometastases with poor
visibility on CBCT. MRI guidance is already commonly applied
in brachytherapy to minimize dose differences, which can
occur between planning and irradiations [18].

This study is a R-IDEAL [19] stage 0 study in preparation
of a clinical workflow for the treatment of lymph node oligo-
metastases on the 1.5T MR-linac.R-IDEAL is a framework for
systematic clinical evaluation of technical innovations in
radiation oncology such as the MR-linac. Stage 0 covers all
preparatory work needed before the innovation is ready for
clinical use. In this study, we investigate whether online
replanning for SBRT of lymph node oligometastases on the
1.5T MR-linac yields beneficial dosimetric values compared to
online position correction as performed on CBCT-linacs in
current clinical practice.

Material and methods

Patient data characteristics

For this simulation study, 17 pelvic and para-aortic patho-
logical lymph nodes were included from five female patients
with locally advanced cervical cancer. The patients had 2, 2,
4, 8 and 1 pathologic lymph nodes, respectively. The lymph
node locations are spread relative to each other and are
representative for lymph node oligometastases as treated in
our clinic. All patients gave written informed consent for the
use of their scans for research purposes. All patients
had undergone pre-treatment and repeated MR imaging,
suitable for radiotherapy, on a 1.5T Philips Ingenia
(Best, The Netherlands) before and during the first three
weeks of curative chemo-radiotherapy treatment. During
imaging acquisition the rectum was required to be as empty
as possible. In case of a significant presence of gas and fae-
ces with a rectum diameter >4 cm the patient was asked to
empty the rectum, or the rectum was deflated using a rectal
cannula. For each patient, pre-treatment data and one inter-
fraction dataset obtained during the course of EBRT were
used with MRI-based delineations of lymph node GTV(s) and
surrounding OAR (bladder, rectum, bowel bag, sigmoid,
cauda equina and femoral bones). The mean GTV (in this

case also demarcating the clinical target volume) of the
lymph nodes was 2.5 ± 2.8 cc (range, 0.4–15.8 cc), based on
expert delineations. There were no exclusion criteria.

Plan generation

For each lymph node five plans were generated to simulate the
different treatment approaches: (1) pre-treatment plan with a
3mm PTV margin and (2) calculated on daily anatomy after
position correction, (3) pre-treatment plan with a 8mm PTV
margin and (4) calculated on daily anatomy after position cor-
rection, and (5) complete new plan generated on the daily anat-
omy (full online replanning). By means of these five plans the
dosimetric situation of the current CBCT-linac treatment can be
estimated (comparisons plan 1 and 2; or plan 3 and 4). In add-
ition, the potential dosimetric benefit of a MR-linac treatment
can be evaluated using plan 2 and 5, and using plan 4 and 5.

All plans were generated with a prescribed dose of
5� 7Gy to 95% of the PTV using the Monaco treatment
planning software (TPS) research version 5.19.03d by Elekta
AB (Stockholm, Sweden). To do a clean comparison of our
technique we have eliminated differences in machine charac-
teristics by creating all plans with the 7MV FFF beam model
of the Elekta MR-linac and the 1.5 T magnetic field in superi-
or–inferior patient direction which is present when treating
patients on the MR-linac. The dose constraints (Table 1) used
for the OAR are considered hard dose constraints. OAR dose
was attempted to be as low as possible, while maintaining
adequate target coverage. Plan quality was evaluated by a
multi-disciplinary SBRT oligo lymph node clinical team con-
sisting of a radiation therapist, physicist and physician. Seven
non-uniform beam orientations were used for these plans
and were selected individually for each PTV to optimally
account for patient anatomy and the location of the PTV.
Unfavourable beam angles due to couch characteristics or
the location of the cryostat were avoided. The statistical
uncertainty for the Monte Carlo dose calculations was 3%
per control point and the calculation grid size was 3mm.
The maximum amount of segments per plan was 45 with a
minimum area of 1.5 cm2 and width of 0.5 cm.

Generation of pre-treatment plans on the planning CT
Two pre-treatment plans were created for each lymph node,
with a 3mm as well as with a 8mm PTV margin and a

Table 1. Clinically used dose criteria for SBRT lymph node oli-
gometastases treatment plans used for plan evaluation.

Structure Constraint

PTV V35Gy> 95%
Dmax< 135%

Bladdera,b V38Gy< 0.5 cc
V18.3Gy< 15 cc

Bowela V35Gy< 0.5 cc
V25Gy< 10 cc

Rectumc Dmax< 40 Gy
V35Gy< 1 cc

Sigmoidc Dmax< 40 Gy
V35Gy< 1 cc

aUK SABR consortium guidelines 2016 [24].
bGrim et al. 2011 [25].
cIn-house clinical constraints.
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prescription dose of 5� 7Gy to 95% of the PTV. The center
of the PTV was set as plan isocenter. Using these margins we
simulate cases of both good and poor visibility. In our cur-
rent clinical protocol, a CBCT simulation is performed in the
pre-treatment preparation phase. A physician determines
whether the lymph node oligometastases is well visible or
not. A PTV margin of 8mm is used for poorly visible lymph
nodes (Figure 1) and 3mm for visible lymph nodes. Using a
vacuum cushion for immobilization, these PTV margins are
considered to be sufficient to handle patient setup, intra-
fraction motion and machine related uncertainties [20–23].

Generation of plans by recalculating on the
daily anatomy
As a simulation of current clinical practice, we calculated daily
dose-volume histogram (DVH) parameters twice for each
lymph node by calculating the dose of the pre-treatment plans
with 3 and 8mm PTV margins on the daily anatomy. To simu-
late the daily anatomy, a MRI dataset (Philips Ingenia, 1.5T,
mDIXON 3D FFE T1W, flip angle 10�, TE1/TE2¼ 1.6/3.9ms,
TR=5.7ms, reconstructed voxel 1.05� 1.05� 2.5mm3, FOV
552� 552� 300mm3) obtained at least one week into

treatment was used. The target and the OARs were manually
contoured. Electron density information was taken into account
by matching and deforming the initial planning CT to the MRI
data (Figure 2). In our clinic, CBCT-based online correction is
performed by matching using a 0.5 cm mask around the GTV
or a clipbox with nearby structures for lymph nodes with good
or poor visibility, respectively. To simulate the online correction
protocol we assumed that the reference point of this correc-
tion is equal to the center of the PTV and placed the plan iso-
center at the center of the PTV according to the
daily anatomy.

Generation of a new plan on the daily anatomy
To simulate replanning in a full-online workflow for the MR-
linac, one new fully optimized treatment plans was created
for each lymph node using daily target and OAR definitions
based on the simulated daily patient anatomy. The used
beam angles for online replanning were equal to those in
the pre-treatment plan. For these plans, a PTV margin of
3mm was applied, simulating the good visibility of lymph
nodes on MRI. As the 1.5T MR-linac only allows for move-
ment in superior–inferior direction, the isocenter is fixed in
the center of the bore for the other directions. The isocenter
position in the superior–inferior direction is set as close to
center of the PTV as possible.

Evaluation

To estimate the dosimetric situation of the current CBCT-linac
treatment and to evaluate the dosimetric impact of online
replanning for the MR-linac all plans were evaluated using
the target and OAR dose criteria. The plans with 8 and 3mm
PTV margins were both compared with online replanning
using a 3mm PTV margin, simulating treatment with good
visibility of lymph nodes on the MR-linac. The DVH parame-
ters for the PTV, rectum, bladder, bowel and sigmoid were
compared between the initial plans simulated on the daily
anatomy and the online plans. The PTV was evaluated using
the PTV margin as was used during planning. The reference
plans were evaluated using the original pre-treatment con-
tours. The simulation plans using online translation or full-
online replanning were evaluated using the contours from
the simulated daily anatomy. Significance of these differences
was determined using Wilcoxon matched-pairs signed rank
tests. Results were considered significant with a p value <.05.

Results

When a 3mm PTV margin was taken, it was possible to cre-
ate pre-treatment plans that met clinical dose criteria for all
17 lymph nodes: all plans had adequate target coverage and
did not violate OAR dose constraints. When the pre-treat-
ment plans were evaluated after rigid table correction using
daily anatomical contours from the repeated MRIs, six plans
failed to meet all criteria. In two plans, the V35Gy of the
bowel was violated with 2.1 and 9.1 cc. In one plan the V25Gy
of the bowel was violated with 21.9 cc. In one plan, the V35Gy

Figure 1. Transversal CBCT image (top and left) and a transversal T2-weighted
mDIXON water image (bottom and right) of the same patient. The lymph node
in the left iliac region is poorly visible on the CBCT and would therefore be
treated with an 8mm PTV margin to sufficiently incorporate uncertainties,
especially position verification.
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and Dmax (highest measured dose in a voxel) of the sigmoid
were violated with 1.8 cc and 44.7 Gy, respectively. PTV
coverage was insufficient in three plans with a V100% in the
range of 86.2–94.0% (should be >95%). GTV coverage was
sufficient for all plans.

When an 8mm PTV margin was used, 12 of the 17 created
pre-treatment plans met all dose criteria. When evaluating
these plans on the anatomy as visible on the repeated MRIs
this amount decreased to 8. Of these cases, two both violated
dose constraints for the OARs and had insufficient PTV cover-
age with 89.7% and 94.8% of the prescribed dose instead of
>95% as intended. Two plans violated both the V35Gy and

V25Gy of the bowel with 24.6 and 48.4 cc for one plan and 7.9
and 16.9 cc for the other plan. The V35Gy of the bowel was
violated with 0.9 cc for one plan. For one plan, the V18.3Gy of
the bladder was violated with 17.5 cc. Two plans violated
both the V35Gy and Dmax of the sigmoid with 1.1 cc and
43.0Gy for one plan and with 2.5 cc and 43.8Gy for the other
plan. The V35Gy of the sigmoid was violated with 6.1 cc for
one plan. One plan did not have adequate PTV coverage with
89.9%. GTV coverage was sufficient for all plans. The dosimet-
ric violations occurred in four out of five patients.

Full online replanning, simulating MR-linac treatment,
resulted in a reduction of violations to the OARs. The number
of instances of violation was reduced from 6 to 2 (66%) and
8 to 2 (75%) for lymph node oligometastases with a 3 and
8mm margin, respectively. The two plans that did not meet
requirements during replanning violated the V35Gy of the
bowel with 0.5 and 1 cc (Figure 3). In these cases the target
position was closer to the bowel for the simulated daily anat-
omy compared to the situation at initial treatment planning,
which caused large overlap between the rectum and PTV.

A comparison of DVH parameters between pre-treatment
plans calculated on the simulated repeated MRI anatomy and
online replanned plans shows that online replanning yields
significant dosimetric benefits for OAR dose (Figure 4). For
the pre-treatment plans made with a 3mm PTV margin, the
mean dose was significantly reduced for the bladder, bowel,
rectum and sigmoid (Table 2). The maximum dose and D2cc

of the bladder and the D2cc of the rectum were also signifi-
cantly reduced. For pre-treatment plans made with an 8mm
PTV margin, online replanning shows additional dosimetric
benefits apart from the significant reductions already present
with the 3mm PTV margin (Table 3). The V25Gy for the bowel
was significantly reduced. The maximum dose and D2cc for
the bowel and sigmoid was also significantly lower.

Figure 3. Number of plans (N¼ 17) that passed or failed based on dose criteria
for the initial plan, the initial plan calculated on the daily anatomy and full
online replanning (simulating MR-linac treatment).

Figure 2. Pre-treatment T1-weighted mDIXON water MRI (A) and pre-treatment CT (B) data. MRI data obtained in-between fractions (C) and a deformed CT (D)
based on the MRI data used to simulate daily patient anatomy. The target lymph node is visible in red. Large inter-fraction differences can be observed with
regards to the location of large bowel (green contours), bladder (yellow contours), rectum (blue contours) and sigmoid (purple contours).
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Discussion

Inter-fraction motion of pelvic lymph nodes can occur with
translations ranging between 7 and 30mm based on
pre-treatment CT imaging and CT imaging during treatment
[26]. The current clinical protocol in which online correction
is performed based on CBCT images is sufficient to correct
for translations. It does not however account for changes in
size and shape of the target and OARs, which can vary sig-
nificantly over the course of treatment [27]. A correlation is
found between volume changes of organs at risk and target
shifts [28]. This can result in rotations of the targets which,
when ellipse-shaped, can largely differentiate from the pre-
treatment situation. In current clinical practice, rotations are
not often corrected for. In Figure 2(A) substantial discrepancy
can be seen between the state of the internal organs on the

pre-treatment MRI and the pre-treatment CT. This example
emphasizes the advantage of correcting for inter-fraction
organ motion; also in other studies daily plan adaptation has
been shown to improve dose volume parameters [29–33].
With the use of online replanning a completely new daily
treatment plan can be created, which accounts for deforma-
tions of the PTV, as well as the actual OAR location.

Online replanning reduces the amount of unplanned vio-
lations to the OARs. When moving from online position cor-
rection to online replanning, the number of instances of
violation to the OARs can be significantly reduced, both for
lymph nodes with good and poor visibility on CBCT. It can
therefore be advocated to use online replanning to take
non-rigid anatomical changes into account. The largest bene-
fit is reached for lymph nodes that are poorly visible on
CBCT. The superior soft tissue contrast on the MR-linac will

Figure 4. Sample DVH (A) and dose distributions of 8mm PTV (B/dashed line) and 3mm PTV (C/solid line) reference plans on the daily anatomy after position
correction and full online replanning (D/dotted line). Anatomical contours are shown for PTV (red), large bowel (green) and sigmoid (purple).

Table 2. Dosimetric outcomes for lymph node oligometastases with a 3mm CTV-PTV margin.

Structure Parameter PlanPT3mm PlanPC3mm PlanMRL p value

PTV V35Gy (%) 98.0 [95.1–100] 96.6 [86.2–100] 97.8 [92.5–100] .82
Bladder V38Gy (cc) 0.0 [0–0.1] 0.0 [0–0.1] 0 >.99

V18.3Gy (cc) 0.9 [0–5.8] 0.4 [0–5.1] 0.1 [0–0.9] .50
Dmean (Gy) 1.2 [0.2–3.4] 1.0 [0.2–3.6] 0.6 [0.1–2.7] <.01�
Dmax (Gy) 13.1 [0.4–40.7] 10.5 [0.5–40.3] 9.0 [0.2–37.4] <.01�
D2cc (Gy) 7.2 [0.5–24.5] 5.9 [0.4–23.6] 4.9 [0.1–22.0] .02�

Bowel V35Gy (cc) 0.0 [0–0.1] 0.7 [0–9.1] 0.1 [0–1.0] .50
V25Gy (cc) 0.2 [0–1.9] 1.7 [0–22.0] 0.6 [0–6.4] .13
Dmean (Gy) 0.6 [0.2–19.3] 1.2 [0.1–5.0] 0.7 [0.1–1.6] <.01�
Dmax (Gy) 22.9 [9.1–36.7] 19.3 [0.7–46.2] 18.0 [0.8–39.5] .35
D2cc (Gy) 14.9 [5.7–24.9] 13.2 [0.4–41.7] 11.8 [0.3–37.3] .22

Rectum V35Gy (cc) 0 0 0 –
Dmean (Gy) 0.8 [0.2–2.2] 0.6 [0.1–1.6] 0.4 [0.1–2.0] .01�
Dmax (Gy) 5.1 [0.4–14.4] 4.7 [0.2–16.8] 3.9 [0.3–10.3] .74
D2cc (Gy) 3.7 [0.4–12.2] 3.2 [0.2–11.9] 2.0 [0.2–9.6] .02�

Sigmoid V35Gy (cc) 0.0 [0–0.1] 0.1 [0–1.8] 0.0 [0–0.5] .13
Dmean (Gy) 3.0 [0.4–10.2] 2.8 [0.6–5.5] 2.1 [0.5–5.3] <.01�
Dmax (Gy) 13.1 [1.0–36.7] 21.0 [6.7–44.7] 19.2 [6.7–38.4] .05
D2cc (Gy) 7.5 [0.7–16.6] 13.1 [4.8–34.4] 12.4 [3.7–32.2] .15

Dosimetric outcomes (mean and range) for the pre-treatment plans (PT) for lymph node oligometastases with a 3mm CTV-PTV margin, their respective
simulations on daily anatomy after online position correction (PC) and replanning on the MR-linac (MRL).
p value obtained using Wilcoxon matched-pairs signed rank tests (p< .05 is significant and denoted with an asterix).
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allow for a considerable reduction of the PTV margin
(i.e. reduction from 8 to 3mm in this particular situation),
which importantly reduces the overlap between PTV
and OARs.

A large variety of dose and fractionation schemes are cur-
rently being used for SBRT treatment of lymph node oligome-
tastases varying between 5� 5 and 1� 24Gy [22]. A smaller
PTV margin, as well as full-online replanning may allow for
dose escalation and hypofractionation. Dose escalation is
regarded to be desirable, in order to achieve improved and
durable local control [34,35]. On the interfraction CBCTs the
visibility of the target and OARs are not sufficient to perform
these analyses. The improved target structure visibility with
the MR-linac, combined with online replanning could also pro-
vide opportunities for hypofractionation, without the need for
invasive marker placement procedures, compared with hypo-
fractionated SBRT using the CyberKnife [36,37]. Future, clinical
trials must show whether dose escalation and hypofractiona-
tion are possible and whether this results in clinically relevant
endpoints. SBRT treatment of lymph node oligometastases on
the MR-linac using online replanning therefore opens up pos-
sibilities for dose escalation, without increasing the risk on
OAR dose constraint violations.

For the purpose of this study, we have only simulated
online replanning on daily anatomy for one fraction, for
which it yields significantly better dosimetric values. This
shows that online replanning for high dose single-fraction
SBRT of oligo lymph nodes is required to achieve a lower
dose to the OARs while maintaining adequate target cover-
age. The exact benefit for treatment with multiple fractions
is yet to be investigated for lymph node oligometastases.
Dosimetric benefits are however expected during the whole
course of treatment as the daily anatomy is optimally taken
into account with daily online replanning or similar daily
plan adaptation approaches [38,39]. Based on these promis-
ing results, a clinical workflow for the 1.5T MR-linac is being
developed for treatment of lymph node oligometastases in
the near future.

For our simulations, we have considered each patho-
logical lymph node as an individual target with an individual
treatment plan. Based on clinical experience about 25% of all
patients present with multiple lymph node oligometastases
which are mostly treated simultaneously using one treatment
plan [40]. Independent inter-fraction motion between mul-
tiple lymph node targets can occur [41]. When multiple
lymph node oligometastases are treated simultaneously, the
inter-fraction motion of the targets relative to each other
cannot always be accurately corrected for by translations.
The dosimetric benefit of online replanning for this group is
therefore expected to be even larger than in the current
study. Future studies are necessary to determine the exact
dosimetric benefit.

The amount of patients included in this study is limited
because of the field-of-view of the MRI-datasets. More data
would be beneficial to obtain more robust results. However,
we do believe that our study shows clear qualitative findings
and gives us confidence to apply our proposed methodology
in R-IDEAL stage 1/2a studies in which expected outcomes
are proof of concept, technical improvements, feasibility and
safety. After these studies we aim to work towards single-
fraction radiotherapy treatment of these targets.

This study solely focuses on the application of online
replanning for SBRT of lymph node oligometastases in the
pelvic and para-aortic region. However, these results could
also be indicative for other tumour sites, which present with
inter-fraction variability of target size, shape and location of
OARs in the proximity of the target. As PTVs were very small
within this study, with an average PTV is 4.4 ± 2.7 cc (range,
1.6–10.3 cc), and a similar workflow was used as in the first-
in-man study [11], online replanning based on the Monaco
TPS could be performed in a timely manner suitable for
online treatment. Full online replanning is the preferred
method, as it optimally takes daily anatomy information into
account. For larger PTVs it might not be possible to perform
online replanning in a timeframe suitable for online adaptive
treatment therefore other adaptation techniques will be

Table 3. Dosimetric outcomes for lymph node oligometastases with an 8mm CTV-PTV margin.

Structure Parameter PlanPT8mm PlanPC8mm PlanMRL p value

PTV V35Gy (%) 98.2 [96.5–100] 97.4 [89.0–100] 97.8 [92.5–100] .67
Bladder V38Gy (cc) 0 0.0 [0–0.4] 0 .50

V18.3Gy (cc) 3.69 [0–18.27] 2.2 [0–21.3] 0.1 [0–0.9] .13
Dmean (Gy) 1.8 [0.2–6.4] 1.6 [0.2–6.9] 0.6 [0.1–2.7] <.01�
Dmax (Gy) 14.8 [0.4–38.0] 13.3 [0.5–39.1] 9.0 [0.2–37.4] <.01�
D2cc (Gy) 11.6 [0.3–35.5] 9.4 [0.4–36.0] 4.9 [0.1–22.0] <.01�

Bowel V35Gy (cc) 0.4 [0–4.0] 2.0 [0–24.7] 0.1 [0–1.0] .13
V25Gy (cc) 2.4 [0–19.4] 4.2 [0–48.4] 0.6 [0–6.4] .03�
Dmean (Gy) 0.8 [0.3–3.0] 1.7 [0.1–7.1] 0.7 [0.1–1.6] <.01�
Dmax (Gy) 29.8 [16.0–40.1] 23.1 [1.2–45.5] 18.0 [0.8–39.5] <.01�
D2cc (Gy) 21.1 [11.8–36.8] 16.2 [0.6–41.5] 11.8 [0.3–37.3] <.01�

Rectum V35Gy (cc) 0 0 0 –
Dmean (Gy) 1.3 [0.2–4.2] 1.1 [0.1–4.5] 0.4 [0.1–2.0] <.01�
Dmax (Gy) 6.4 [0.5–17.4] 5.6 [0.3–16.8] 3.9 [0.3–10.3] .03�
D2cc (Gy) 4.5 [0.5–13.2] 3.7 [0.2–13.4] 2.0 [0.2–9.6] <.01�

Sigmoid V35Gy (cc) 0.1 [0–0.9] 0.6 [0–6.1] 0.0 [0–0.5] .06
Dmean (Gy) 4.7 [0.8–20.4] 4.4 [1.4–10.2] 2.1 [0.5–5.3] <.01�
Dmax (Gy) 15.3 [3.7–40.3] 26.4 [12.2–43.8] 19.2 [6.7–38.4] <.01�
D2cc (Gy) 10.9 [2.1–31.5] 17.9 [3.9–36.8] 12.4 [3.7–32.2] <.01�

Dosimetric outcomes (mean and range) for the pre-treatment plans (PT) for lymph node oligometastases with an 8mm CTV-PTV margin, their respective simula-
tions on daily anatomy after online position correction (PC) and replanning on the MR-linac (MRL).
p value obtained using Wilcoxon matched-pairs signed rank tests (p< .05 is significant and denoted with an asterix).
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needed such as virtual couch shift (VCS) which corrects for
translations and rotations [42]. Further research will be per-
formed to investigate opportunities for dose escalation and
hypofractionation, as well as online replanning for mul-
tiple targets.

Conclusions

The use of online replanning for SBRT of lymph node oligo-
metastases on the MR-linac yields beneficial dosimetric val-
ues compared to CBCT-based online position correction
using couch translations. Online replanning reduces the
number of unplanned violations of dose constraints for sur-
rounding OARs. The proposed method for online replanning
is most beneficial for lymph nodes poorly visible on CBCT, as
for these targets both margin reduction and online replan-
ning are applied, however dosimetric improvements remain
present for lymph nodes with good visibility on CBCT.
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