CASE REPORT

Real-time MRI-guided radiation therapy
for choroidal metastases after hippocampal

avoiding whole brain radiotherapy

MR-fizena radioterapie v realném Case u choroidalnich metastaz

po hipokampus Setficim celomozkovem ozareni
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Summary

Background: Eye tumors are moving targets, but there have been no reports of radiation the-
rapy with real-time monitoring. Case: A 54-year-old woman with metastatic breast cancer was
referred for treatment of diplopia due to choroidal metastasis after hippocampal avoiding
whole brain radiotherapy. Since visual acuity was preserved and long-term survival was ex-
pected, real-time MRI-guided intensity-modulated radiation therapy (36 Gy in 20 fractions) was
performed. No adverse events occurred during treatment or during the subsequent one-year
follow-up period. The patient’s diplopia resolved and no choroidal recurrence was observed
during the follow-up period. Conclusion: MRI-guided radiation therapy may be a safe and
effective treatment for choroidal metastases after hippocampal avoiding whole brain radio-
therapy.
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Souhrn

Vychodiska: O¢ni nadory jsou pohyblivym cilem |é¢by, ale v literatufe neni zadna zminka o ra-
dioterapii s monitorovanim v redlném ¢ase. PFipad: Zena ve véku 54 let s metastazujicim karci-
nomem prsu byla odeslana k 1é¢bé diplopie v dlsledku choroidalni metastazy po hipokampus
Setficim celomozkovém ozareni. Vzhledem k tomu, Ze zrakova ostrost byla zachovana a oceka-
valo se dlouhodobé preziti, byla provedena MR-fizena radioterapie s modulovanou intenzitou
v redlném case (36 Gy ve 20 frakcich). BEhem lécby ani béhem nasledného ro¢niho sledovani
se nevyskytly zadné nezadouci piihody. Pacient¢ina diplopie ustoupila a béhem sledovaciho
obdobi nebyla pozorovéna zadnd recidiva nddoru choroidey. Zdvér: MRI-fizend radioterapie
muze byt bezpecnou a Gc¢innou Ié¢bou choroidélnich metastaz po hipokampus Setficim celo-
mozkovém ozéreni.
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REAL-TIME MRI-GUIDED RADIATION THERAPY FOR CHOROIDAL METASTASES

Introduction

There is no standard treatment for cho-
roidal metastases, but external beam
radiation therapy is recommended be-
cause of its low toxicity and greater ef-
ficacy compared to systemic thera-
pies [1-3]. Although doses of 35.5 Gy
or more have been reported to be nec-
essary to achieve adequate therapeu-
tic effects [3], radiation exposure to the
optic nerve and lens must be minimized
after hippocampal avoiding whole brain
radiotherapy (HA-WBRT) to preserve
visual acuity. MRI-guided radiation ther-
apy (MRIgRT) can monitor both the
planning target volumes (PTV) and the
surrounding normal tissues at the same
time, instantly avoiding irradiation to or-
gans at risk (OAR). Here, we report a case
of breast cancer with choroidal metasta-
ses treated with MRIgRT, avoiding irra-
diation to the optic nerve and the lens
after HA-WBR.

Case report

A 54-year-old woman with cerebel-
lar metastatic luminal A-subtype breast
cancer (cT4aN3M1, Stage IV, AJCC,
8™ ed.) was referred to our department
for treatment of diplopia due to cho-
roidal metastasis in the right eye. Aro-
matase inhibitors and CDK4/6 inhibitors
were administered and all metastatic le-
sions (lymph nodes and lungs) as well
as the primary tumor were controlled
for the past 3 years. However, 6 months
prior to the referral, multiple metasta-

ses in the cerebellum developed, and
HA-WBRT was performed. The intraorbi-
tal proximal 5 mm of both optic nerves
were irradiated with 40 Gy in 20 frac-
tions using helical tomotherapy (Hi-ART
system, Accuray, Madison, Wisconsin,
United States) (Fig. 1a).

At the time of referral, bilateral visual
acuity was normal and no metasta-
ses were found on MRI (Fig. 1b). Op-
tical coherence tomography (OCT) of
the right eye demonstrated the hy-
poreflective choroidal nodules of ap-
proximately 500-600 um and subreti-
nal fluid (Fig. 1c). OCT of the left eye was
normal. Based on the findings of OCT,
a diagnosis of choroidal metastasis was
made. MRIgRT was performed to pre-
vent the PTV from overlapping the right
optic nerve and also to reduce radiation
exposure to the lens. All procedures per-
formed in this study were in accordance
with the ethical standards of the institu-
tional and national research committee
and with the 1964 Helsinki declaration
and its later amendments or compara-
ble ethical standards. Written informed
consent was obtained from the patient
for the treatment and publication of this
case report.

The patient was immobilized using the
individually formed mask and underwent
MRI simulation on 0.35T MRIgRT sys-
tem (MRIdian® System, ViewRay Inc, Oak-
wood Village, Ohio, USA). Transverse true
fast imaging with steady-state free pre-
cession (true FISP) images were used for

the target delineation. The clinical target
volume (CTV) was defined as the right
whole zona optica retinae, and the PTV
was defined as a 5-mm margin expan-
sion from the CTV. A 5-mm brush was not
used. The prescribed dose to the D95% of
PTV (the dose covering 95% of PTV) was
36 Gy in 20 fractions with a maximum of
40 Gy (Fig. 2). The treatment plan was car-
ried out using intensity-modulated ra-
diation therapy (IMRT). Dose constraints
were set so that the radiation dose to the
area within 10mm of the proximal optic
nerves was less than 12 Gy in 20 fractions.
The mean lens dose was set to be below
7 Gy, since the mean lens dose of 7 Gy
was estimated to have a 5-year cataract
incidence of 20% and 25% with the logis-
tic and Cox regression models [4]. The pa-
tient was treated with real-time MRIgRT
system (MRIdian® System, ViewRay Inc,
Oakwood Village, Ohio, USA) via beam
control in the sagittal plane including the
right lens at four frames per second. Each
MRIgQRT session takes approximately
40 min from set-up to completion Three
weeks after the start of MRIgRT, the pa-
tient’s diplopia resolved and the tumor
disappeared on OCT. No adverse events
occurred during treatment or during the
subsequent one-year follow-up period.
No choroidal recurrence was observed
during the follow-up period.

Discussion
Choroidal metastasis is an important fac-
tor that reduces the quality of life of pa-

/

Fig. 1. A 54-year-old female with choroidal metastasis of breast cancer in the right eye. (a) Isodose lines of hippocampal avoiding
whole brain radiotherapy with corresponding actual radiation dose. The intraorbital proximal 5 mm of both optic nerves were irra-
diated with a mean dose of 40 Gy in 20 fractions using helical tomotherapy. (b) T2-weighted turbo spin-echo MRI showed no me-
tastatic tumors in the brain or eyes. (c) Optical coherence tomography demonstrated the irregular and undulating anterior surface

(arrowheads) with subretinal fluid (arrow).
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Fig. 2. MRI-guided radiation therapy isodose lines with corresponding actual radiation dose.

tients with metastatic cancer. Radiation
therapy is an effective treatment, but
real-time monitoring has been difficult
with CT-guided radiation therapy due
to low tissue contrast, limited temporal
resolution, and an increased risk of cata-
racts due to radiation exposure. MRIgRT
has the potential to be an effective treat-
ment, because it allows real-time mon-
itoring of the target and surrounding
normal tissue without the use of X-rays
and provides higher tissue contrast than
CT. To the best of our knowledge, this is
the first report of choroidal tumor suc-
cessfully treated with MRIgRT [5].

This report has several strengths. First,
radiation therapy was initiated before vi-
sion loss. MRI did not detect choroidal
metastases, but OCT clearly identified
metastatic foci, suggesting the impor-
tance of collaboration with an ophthal-
mologist. Second, this is the first proof-
-of-principle for MRIgRT in which eye
movements are monitored in real time.
If eye movements can be monitored ac-
curately in real time, higher doses of ra-
diation may be delivered to the reti-
nal tumors without increasing adverse
events [5-7].

There are several limitations in this
study. First, MRI sequence parameters
are not optimized for treatment of ret-
inal or choroidal tumors. In our coun-

try, only true FISP sequences are avail-
able for radiation treatment planning
and real-time MRI monitoring. In addi-
tion, only sagittal images are available
for real-time monitoring of eye move-
ments during MRIgRT. Since the eyes
tend to move laterally, monitoring with
two images, a transverse and a sagittal
image, is more accurate than monitoring
with a sagittal image alone. Second, the
treatment period of 4 weeks is a bit long.
However, as all lesions except choroidal
metastases were controlled and long-
term survival was expected, the 4-week
treatment period is not a major limita-
tion. Third, if eye movements can be ac-
curately monitored in real time, the CTV
and PTV definitions should also be mod-
ified and optimized for MRIgRT. How-
ever, at present, the CTV and PTV set-
tings for MRIgRT for ocular tumors have
not been established and will be the
subject of future research. The reason
for a 5-mm PTV margin in this case was
that the slice thickness for MRIgRT treat-
ment planning was 2.5mm, and the le-
sion should have been detected in mul-
tiple slices.

Conclusion

In conclusion, a single case report can-
not be generalized to others without
further scientific verification, however,

real-time MRIgRT may be a safe and ef-
fective treatment for choroidal metas-
tasis after hippocampal avoiding whole
brain radiotherapy.
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