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ABSTRACT

Brain metastases during pregnancy poses complex conundrum in management. Stereotactic
radiosurgery (SRS) offers valuable option to clinicians in this scenario. We reviewed and described
the safety and effectiveness of Gamma Knife (GK) SRS in treating a solitary cerebellar metastasis in a
patient with recurrent breast cancer at 28 weeks of gestation. Following multidisciplinary discussion,
she consented for urgent single session GK SRS to the brain metastasis with 2 cycles of 3-weekly
paclitaxel chemotherapy prior to planned delivery at term. Prior to the frame-based treatment, a trial
run with dosimeters placed on the superior and inferior parts of foam knee support showed radiation
exposure of 3.12 mSv and 1.06 mSv respectively. A prescription dose of 16 Gy at the 50% isodose
was delivered using 24 isocentres over 39.7' of beam on time. The treatment plan had 98% coverage,
89% selectivity and a gradient index of 2.98. Dosimeters placed near the uterine fundus and suprapubic
region (consistent with location of fetal head) during the actual treatment recorded 2.83 mSv and
0.27 mSy, which is lower than the trial dosimeter readings. The patient successfully completed SRS
treatment and gave birth to a healthy baby two months later. Follow-up MRI at three months interval
showed total resolution of the lesion. GK SRS is known for the lowest extracranial dose compared to
other SRS modalities. This report and literature review confirmed that GK is a sharp and effective, yet
gentle and safe treatment for pregnant patients with brain metastases.
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INTRODUCTION

Brain metastases during pregnancy poses complex
conundrum in management. Treatment needs to be
tailored individually according to the disease extent,
expected pregnancy outcome and patients’ wish. Ste-
reotactic radiosurgery (SRS) offers valuable option to
clinicians in this context. This case report describes the
safety and effectiveness of Gamma Knife (GK) SRS in
treating a solitary cerebellar metastasis in a 42-year-
old woman with recurrent breast cancer at the third tri-
mester of pregnancy. Compared to surgical excision of
the brain metastasis with the risk of preterm delivery
and subsequent perinatal complications, GK treatment
allows the pregnancy to advance with concurrent sys-
temic treatment to ensure better overall outcome for the
patient and her whole family.

Case Report

We report a 42-year-old lady who presented with
dizziness and unsteady gait during her third pregnancy
at 28 weeks of gestation. She had a known case of triple
negative breast carcinoma with local recurrence a year
ago which she had received second line chemotherapy.
Upon presentation, she was fully conscious with neu-
rological examination showing right cerebellar signs.
Brain MRI showed a solitary right cerebellar enhanc-
ing mass, 2.0 X 2.7 X 2.1 cm? with perilesional edema
and a hemosiderin rim likely represent hemorrhagic
metastasis. Chest X-ray showed multiple cannon ball
lesions. Therefore, a diagnosis of stage 4 breast cancer
with symptomatic brain and lung metastasis was made.
Obstetrical assessment revealed singleton fetus with
gestation appropriate growth parameters and estimated
fetal weight of 1 kg.

An urgent family conference was held, and family
was informed regarding her situation. The aim of treat-
ment was for sequencing palliation of symptoms and
delaying her disease progression. She expressed her
wish that this pregnancy was precious to her, and she
would like to maintain a safe pregnancy till term if pos-
sible. Following multidisciplinary team discussion, she
was offered an urgent single session SRS to the brain
metastasis with 2 cycles of 3-weekly paclitaxel chemo-
therapy. This would be followed by planned delivery of
the fetus at term before subsequent palliative treatment.
Prior to the frame-based SRS using Leksell GK Icon,
we performed a trial run with two dosimeters placed on
the top and bottom parts of a foam knee support at a dis-
tance from the isocentre that mimicked the patient with
gravid uterus (Figure 1). The dosimeters showed a radi-
ation exposure of 3.12 mSv and 1.06 mSv respectively,
which was below the acceptable 100 mSv fetal toler-
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ance (1). Transabdominal ultrasound was done prior to
treatment in order to localize the fetal head and it was
confirmed to be in cephalic position. Treatment plan-
ning was performed and 16 Gy was prescribed at the
50% isodose using 24 isocentres over 39.7' of beam on
time (Figure 2). This treatment plan provided 98% cov-
erage and 89% selectivity with a Gradient Index 2.98.
The maximum dose volume to brainstem was 8.5 Gy
which was within the acceptable range. We did not use
any abdominal shielding during the treatment. Dosim-
eters were placed near her uterine fundus and suprapu-
bic region (consistent with localization of fetal head),
and it recorded 2.83 mSv and 0.27 mSv of extracranial
radiation exposure respectively (Figure 1).

The patient successfully completed SRS treatment
without complication. She received two cycles of chem-
otherapy subsequently. Repeat imaging after 4 weeks
showed marked reduction of lesion size to 0.8 X 1.0 X
0.8 cm?. This represents an approximate volume reduc-
tion of approximately 94%. Two months post treatment,
she gave birth to a healthy baby boy safely via caesar-
ian section. Another MRI brain at 3 months interval
showed complete resolution of the lesion with no new
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Figure 1. A) Trial run by placing dosimeters at the

top and bottom parts of a foam knee support at a
distance that mimicked the patient with gravid uterus

to predict radiation exposure. B) Dosimeters placed
near uterine fundus and suprapubic region (consistent
with concomitant ultrasound localization of fetal head)
during actual treatment recorded the actual extracranial
dose exposure, which were 2.83 mSv and 0.270 mSv
respectively.

Figure 2. Actual treatment was performed at 16 Gy

of 50% isodose in 24 shots over 39.7' beam on time.
This treatment plan showed 98% coverage, 89%
selectivity and gradient index 2.98. The maximum dose
to brainstem was predicted at 8.5 Gy.
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Befare treatment 1 manth later 3 manths later

Figure 3. Serial MRI brain (T1WI with gadolinium)
showing the result of GK SRS on the right cerebellar
metastasis. There was total resolution of the lesion at
3 months post treatment.

brain metastases (Figure 3). She had good bonding with
her baby for 6 months, but she sadly succumbed at 8
months post GK treatment due to systemic disease pro-
gression despite on-going palliative chemotherapy. The
baby was healthy with normal developmental progress
while she remained neurologically intact with good
cognitive function until she passed away.

DISCUSSION AND LITERATURE REVIEW

Brain metastasis during pregnancy is a rare and
complicating occurrence with a cumulative incidence
of 1 in 1000-2000 pregnancies (2,3). The most com-
mon primary cancer was found to be from breast
(36%) (3). There is lack of guidelines and clinical
consensus in this scenario, making it challenging to
manage (2,3). Management should always ensure
maternal safety during cancer treatment while main-
taining fetal viability (3). Surgery followed by whole
brain radiotherapy (WBRT) has been considered as
standard first-line treatment for single brain metas-
tasis in patients with favorable performance status
and limited extracranial disease in a general cancer
patient population of male and female non-pregnant
individuals (3, 4). However, offering surgical exci-
sion to this posterior fossa lesion carries significant
maternal and fetal risk in view of the difficulty in
positioning and anaesthesia (4, 5). Delivering at 28
weeks of gestation will definitely increase the perina-
tal risk and subsequently affect the fetal outcome. At
the same time, her extensive lung metastasis would
preclude her from fitness for general anaesthesia.
SRS treatment has been shown to result in equiva-
lent outcome in terms of survival, neurological death
rates and local recurrence when compared to surgery
and WBRT in patients with single small-sized brain
metastasis (6). SRS also allows treatment of multiple
lesions at different locations simultaneously and it
alleviates anaesthetic and surgical risks (7).

RSBRT 577 (Short Communication).indd 3

Radiation therapy and chemotherapy may be
allowed during the third trimester of pregnancy with-
out needing to deliver the fetus but risks need to be
discussed with the patient (3). According to the report
by American Association of Physicists in Medicine
(AAPM) Radiation Committee Task Group No 36, fetal
dose of <100 mGy from exposure to radiotherapy car-
ries little or uncertain risk to the unborn baby (1). Thus,
100 mGy (or equivalent to 100 mSv) has been known
as the usual tolerance threshold for radiotherapy during
pregnancy (1, 8, 9). Another study by Ioffe et al summa-
rized that the risk of radiation induced disorders to the
foetus reduced with the advancement of pregnancy ges-
tation (10). For example, at pre-implantation stage, a
100 mGy radiation may induce abortion, while in third
trimester, only doses above 500 mGy may potentially
cause growth retardation. In fact, this threshold dose for
radiation effects is not generally reached with common
curative radiotherapy during pregnancy, provided that
tumours are located sufficiently far from the fetus and
that precautions have been taken appropriately (11). As
of our patient, who had reached third trimester, the risk
of brain damage and other long term adverse effect is
small if we carefully plan the SRS treatment following
the standard guideline for fetal dose.

Across different modalities of SRS, GK has been
the safest in terms of lowest peripheral dose (12).
Study by Di Betta et al has shown that, the Model C
GK was associated with the lowest peripheral dose yet
achieved comparable treatment dose at the target site
compared to Linac, CyberKnife and TomoTherapy
(12). Recently, Paddick et al has examined the extrac-
ranial dose received during GK intracranial SRS treat-
ment and its related risks (13). Compared to Linac and
CyberKnife, the newer GK Perfexion again showed the
lowest mean extracranial dose with less than 0.002%
prescription dose detected near the gonads (13). This
potential extracranial dose is influenced by multiple
factors, including treatment platform, prescription
dose, collimator size, beam number and other planning
variables (13). With the treatment plan for this patient,
we verified dosimetrically that the extracranial radia-
tion exposure to the fetal head was as low as 0.27 mGy,
which is unlikely to be harmful to the unborn baby. We
also showed that the readily available foam knee sup-
port may act adequately as a “phantom” in the urgent
situation where proper anthropomorphic phantom is not
available, and predicted the actual radiation exposure to
within 10%. In view of this negligible peripheral dose
from trial run, we did not apply any abdominal shield-
ing for this patient during the actual treatment.

In the literature review by Sharma et al, there was a
total of four cases of brain metastases from breast can-
cer during pregnancy reported, in which three were sur-
gically treated combined with or without conventional
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radiotherapy and systemic chemotherapy (2). Of these
cases, two were complicated with perinatal morbidity
(2). Pantelis et al reported a case of rapidly growing
deep-seated high grade glioma during the third trimes-
ter of pregnancy which was successfully treated using
CyberKnife SRS and a recorded fetal dose of 40 mGy
(14). On another hand, Yu et al reported their treatment
using a Model C GK for a patient with solitary meta-
static melanoma of the brain at 25" week of pregnancy
(15). Similarly, the authors pre-ran with a phantom esti-
mation and subsequently recorded a safe fetal radiation
dose of 1.5-3.1 mGy, which is in concordance to our
data (15).

In our patient, GK treatment to the symptomatic cer-
ebellar metastasis avoided her from an invasive neuro-
surgical procedure which carried significant anaesthetic
and fetal risk. It also eliminated the need for preterm
delivery and allowed her to carry on with pregnancy till
term. Adequate gestational age and fetal weight would
markedly improve the pregnancy outcome by lowering
perinatal risk and maternal morbidity. This approach
also allowed concurrent chemotherapy for better dis-
ease control in patients with extensive systemic disease,
which conventionally would be delayed if surgery was
performed.

Of utmost importance, the patient and family’s wish
needs to be taken into consideration in the treatment
plan. A multidisciplinary team meeting and consensus
is crucial in order to consider all potential problems
and offer best treatment of care tailored individually
according to the patient’s need.

CONCLUSION

In conclusion, with a low fetal dose exposure and
serial imaging, we confirmed that GK SRS is effective
in treating brain metastases, yet gentle and safe even
in pregnant patients. Most importantly, it improves
patient’s quality of life and fetal outcome with lower
perinatal risk and maternal morbidity.
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