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The MR-Linac - using the new technology
in lung cancer radiation therapy

Paivikki Klasila
Radiographer student
Oulu University of Applied Sciences

INTRODUCTION

The MR-Linac is quite a new radiation
therapy technology to combine an MRI
scanner with a linear accelerator in a
single system. With the MR-Linac doc-
tors can “see” tumor tissue more clearly
— and adapt the radiation dose while a
patient is being treated. Because it can
safely deliver higher doses of radiation
to a tumor, treatment is expected to be
more precise and more effective than ev-
er before. It could also reduce the num-
ber of treatment sessions, providing
more convenience for patients.

MRI provides excellent soft-tissue
visualization of tumors deep within the
body and has real-time imaging capabil-
ities and enables treatments precisely
every time. The technology provides re-
al-time information on tumor location,
organ function and therapeutic targeting
that has not been available before: Physi-
cians can monitor and assess the tumor’s
position while a patient is being treated.

USING THE MR-LINAC IN LUNG
CANCER RADIATION THERAPY

According to Bainbridge et. al. (2017 a),
the current survival rates in patients
with non-small cell lung cancer is poor
so their study investigates the feasibili-
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ty and potential benefits of radiothera-
py with a 1.5 T MR-Linac for locally ad-
vanced non-small cell lung cancer (LA
NSCLC) patients. Ten patients with LA
NSCLC were retrospectively re-planned
six times: three treatment plans were
created according to a protocol for con-
ventionally fractionated radiothera-
py and three treatment plans following
guidelines for isotoxic target dose esca-
lation. In each case, two plans were de-
signed for the MR-Linac, either with
standard (-7mm) or reduced (-3mm)
planning target volume (PTV) margins,
while one conventional linac plan was
created with standard margins. Treat-
ment plan quality was evaluated using
dose-volume metrics or by quantifying
dose escalation potential. All generated
treatment plans fulfilled their respective
planning constraints. For convention-
ally fractionated treatments, MR-Linac
plans with standard margins had slight-
ly increased skin dose when compared
to conventional linac plans. Using re-
duced margins alleviated this issue and
decreased exposure of several other or-
gans-at-risk (OAR). Reduced margins al-
so enabled increased isotoxic target dose
escalation.

According to Bainbridge et. al. (2017
b), lung cancer causes more cancer-re-
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lated deaths than other forms of cancer.
Most of lung cancer cases are non-small
cell cancers and about 30 % of these pa-
tients present with locally advanced
disease. Surgery plays a small role in
this group, but radiotherapy connected
with chemotherapy is the most com-
mon treatment of choice for majority
of patients. Overall, survival outcome is
poor, but efforts in research are contin-
uous in exploring potentially successful
outcomes. For instance, it is being in-
vestigated if a combination of advanced
radiation techniques will contribute to
the intensification of safe treatment.
One improvement is that of magnetic
resonance imaging which has been in-
tegrated in the treatment pathway. This
provides anatomical and functional in-
formation with exceptional soft tissue
contrast, and importantly, the patient
is unexposed to radiation. The diagnos-
tic staging accuracy of F-18 fluorodeox-
yglucose position emission tomography
may be complemented or even improved
by MRI. In addition, computerized to-
mography imaging is also effective for
identification of nodal and distant met-
astatic disease. This is particularly true
in assessing local tumor invasion. The
incorporation of anatomical MRI se-
quences into lung radiotherapy treat-
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ment planning is an innovative appli-
cation. Not only may it increase target
volume, but organs at risk delineation
reproducibility as well. Additionally,
functional MRI might facilitate hetero-
geneous target volumes dose painting
and guide adaptive strategies in pre-
dicting toxicity of normal tissue. Even
though there is an acknowledged issue
of intra-thoracic motion, which has his-
torically hindered the quality of MRI be-
cause of the effect of motion, MRI se-
quences are developing rapidly, and the
field is constantly making progress. It
is foreseeable that 4D CT and 4D F-18-
EDG PET will be complemented or su-
perseded by four-dimensional MRI, pro-
viding spatial resolution that is superior
to the aforementioned ways of imaging.
Currently, there is a variety of MR-guid-
ed radiotherapy delivery units available
that combine a radiotherapy delivery
machine with MRI at multiple magnet-
ic field strengths. Even though there are
many technical challenges to overcome,
the novel hybrid technology is advanc-
ing. Using “beam-on” imaging, MR-guid-
ed radiotherapy can adapt treatment on
the fly. This can be done for each fraction
and in real-time. It is expected that the
clinical benefits of MR-guided radiother-
apy can be derived from this ability. The
Atlantic MR-Linac consortium group fo-
cusing on the lung tumor site, is work-
ing to produce a challenging MR-guided
adaptive workflow which can be used for
multi-institution treatment intensifica-
tion trials in patient group.

CONCLUSION

According to both research studies the
MRI-guided workflow in Lung cancer
radiation (MR-Linac) enables increased
OAR (organs-at-risk) sparing and iso-
toxic target dose escalation for the re-
spective treatment approaches. This will
allow treatment plans to be generated
with smaller treatment margins. With

the potential for daily plan adaption im-
mediately prior to treatment to take ac-
count of inter-fraction changes and for
development of real-time image-guided
and an dose guided treatment to take
account of intra-fractions changes, fur-
ther gains in the therapeutic index may
be made.

In the light of these research stud-
ies it would appear that the future use
of MR-Linac will play a major role in ra-
diotherapy units. During treatment we
are able to change the subject of radia-
tion and thus save other organs from ra-
diation. Here, the patient’s potentially
altered body due to the disease is con-
sidered.
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