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CASE SUMMARY
A 38-year-old, right-handed female 

with a 15 pack-year smoking history 
presented at 11 weeks gestation with 
a 3-day history of “heaviness” and 
numbness in her right leg, especially 
posterior to her knee. Her previous 
obstetrical history was significant for 
1 pregnancy, which was electively 
aborted. Initially, a presumed diagno-
sis of lumbar plexopathy was made. 
Three days later, she presented with a 
seizure described as whole-body rigid-
ity with her left arm bent upwards at 
the elbow and right arm extended, in 
a fencing position, accompanied by 
tongue biting and left facial droop 
lasting approximately 5 minutes. Dur-
ing her hospital stay, imaging stud-
ies were obtained, revealing a lung 
mass, followed by bronchoscopy with 
fine-needle aspiration, with pathology 

revealing a diagnosis of non-small cell 
lung carcinoma (NSCLC).

IMAGING FINDINGS
MRI without contrast of the brain 

revealed a 1.7 x 1.3-cm nodular focus 
of heterogeneous high T2 signal with 
apparent internal cystic foci along the 
paramedian aspect of the falx in the 
left parietal lobe, a second smaller 
lesion in the left frontal lobe with a 
round focus of high T2 signal measur-
ing 0.9 cm, and several small (< 5 mm) 
foci of abnormal fluid attenuated inver-
sion recovery (FLAIR) signal seen 
along the posterior aspect of the right 
insula and right frontal pole. 

CT scan of the chest without con-
trast revealed a 1.4 × 1.3-cm lobu-
lated nodule in the medial and anterior 
aspect of the lingula compatible with 
a primary bronchogenic neoplasm and 
left hilar adenopathy. 

MRI of the abdomen and pelvis was 
unremarkable for mass or lymphade-
nopathy.

DIAGNOSIS
The diagnosis of stage IV (M1b) 

moderately differentiated non-small 
cell lung carcinoma favor adenocarci-

noma was made. No molecular diag-
nostics (e.g., EGFR, ALK, ROS-1) 
were available.  

DISCUSSION
This case report presents a preg-

nant female seeking treatment for her 
newly diagnosed lung adenocarcinoma 
with brain metastases. The physi-
cian engaged in thoughtful discussion 
regarding the gravity of her diagno-
sis and the need for treatment, outlin-
ing various options including surgery, 
stereotactic radiosurgery (SRS), and 
whole-brain radiation (WBRT). Sur-
gery was not considered as the patient 
had multiple brain metastases. A dis-
cussion was held on the benefit of SRS 
vs. WBRT. Given that SRS is associ-
ated with a higher risk of distant brain 
failure lending to a higher likelihood 
of retreatment during her pregnancy 
and the contraindication to administer-
ing gadolinium contrast, which further 
complicated accurate determination of 
the number of lesions and treatment 
targeting with SRS, WBRT alone was 
presented as the safest and most con-
servative management. The patient 
was also presented with the option of 
terminating her pregnancy to allow 
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for more accurate staging, although 
termination was not a prerequisite to 
WBRT and subsequent systemic ther-
apy. The patient expressed her desire 
for continuing her pregnancy unless 
doing so would jeopardize her life. 
The risks and benefits of WBRT were 
described in detail, including poten-
tial harms to the patient’s fetus. These 
included but were not limited to risks 
of mental retardation, organ malfor-
mations, and subsequent secondary 

malignancy in the child.1,2 Literature 
was referenced regarding case reports 
of healthy babies following head radia-
tion. Magne et al highlighted a case of 
WBRT for a brain metastasis second-
ary to NSCLC, which exemplified 
the importance of discussing risks 
vs. benefits of therapy and respect-
ing the patient’s desires regarding 
her pregnancy.3 In Magne’s case, the 
patient was faced twice with making 
the decision of accepting radiation 

therapy while pregnant or terminat-
ing the pregnancy. In the first instance 
she chose to terminate her pregnancy 
and sought radiation, while in the 
second she continued her pregnancy 
while receiving radiation therapy. Our 
patient continued her pregnancy and 
underwent WBRT at 14 weeks gesta-
tion to 3,750 cGy in 15 fractions with 
opposed lateral fields using 6MV 
photons. Figure 1 illustrates the fields 
used.

Report Number 50 of American 
Association of Physicists in Medicine 
(AAPM) Task Group 36 presents data 
and techniques to minimize radiation 
dose delivered to the fetus for radiation 
treatment delivered during pregnancy.1 
In radiotherapy photon treatments, 
the dose outside the geometrical field 
size is caused by photons originat-
ing from either external scatter, which 
results from head leakage and scatter-
ing off high-Z materials used for the 
collimation system and beam modi-
fiers, or internal scatter. Sneed et al 
has reported that 0.04% to 0.09% of 
the target dose is received by the fetus 
when implementing opposed lateral 
fields and bicoronal wedged arc fields 
to treat intracranial tumors.4 Compared 
to external scatter, internal scatter is a 
lesser contributor of the dose received 
by the fetus. Sneed et al reported inter-
nal scatter contributes to 13% to 20% 

FIGURE 2. Representation of abdominal shielding set-up during WBRT.

FIGURE 1. (A) Right lateral beam arrangement. (B) Left lateral beam arrangement.
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of total fetal dose. This is consistent 
with the AAPM’s report, which states 
that at distances > 30 cm from the field 
edge, external scatter from head leak-
age becomes the greatest contributor of 
fetal dose. Internal scatter remains an 
unavoidable contributor to the periph-
eral dose, however dose to the fetus 
originating from head leakage can be 

minimized by implementing shielding 
during treatment.1 In this case, a 2-inch 
thick lead plate, representing 3.4 half-
value layers, was positioned above 
the patient’s abdomen as illustrated in 
Figure 2.  Other considerations include 
using the smallest radiation field, mini-
mizing the use of secondary blocking, 
and maximizing the use of the primary 

block in the inferior aspect of the field, 
which all together minimizes external 
scatter. Also, the lowest energy was 
used to minimize neutron contamina-
tion seen with higher-beam energies.

To approximate the dose delivered to 
the fetus, thermoluminescent dosimeter 
(TLD) measurements were obtained dur-
ing radiation delivery with the abdomi-

Table 1. TLD measurements with abdominal shielding on 3rd treatment day 

Location Dose on fraction #3 (cGy) Percent of fraction dose (%) Percent standard deviation (%)

Mid abdomen 0.16  0.064 5.89
Waist 0.12 0.048  5.23
Under table at 0.19 0.076 5.4 
level of abdomen

Table 2. TLD measurements with abdominal shielding on 6th treatment day 

Location Dose on fraction #3 (cGy) Percent of fraction dose (%) Percent standard deviation (%)

Mid abdomen 0.18 0.07 2.93
Waist 0.12 0.05 5.67
Under table at 0.18 0.07 4.51 
level of abdomen

Table 3. Summary of reported cases of pregnant patients treated with brain radiotherapy 

RT Technique Prescribed Dose  Fetal dose (cGy) Shielding Gestational Age Delivery Reference

3DCRT 45 Gy to pituitary 2.0 ± 0.08 cGy Absent 6-7 weeks   5 
 adenoma

GK radiosurgery 25 Gy to single brain 0.15-0.31  25 weeks  6 
 metastasis from  
 melanoma

WBRT 30 Gy single brain  0.3 Present 24 weeks Healthy boy at 3 
 metastasis from NSCLC     age 3 years

Opposed 68 Gy to atypical 6 Absent  ~30 weeks Healthy girl at 4 
lateral beams ependymoma    age 2.5 years

Bicoronal  78.2 Gy to anaplastic 3.0 Absent ~29 weeks Healthy girl at 4  
110° arcs astrocytoma    age 1.5 years 

IMRT 60 Gy to glioblastoma 1.6 Present 27 weeks Healthy baby  7  
    delivered at  
     35 weeks
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nal shield in place. Nine TLDs were 
positioned, 3 each at the level of the 
midabdomen, waist, and under the table 
at the level of the abdomen. The aver-
age of the 3 TLD readings at each level 
was recorded for a given fraction. This 
data is summarized in Tables 1 and 2. 
AAPM Task Group 36 reported a small 
change in peripheral dose with depth 
ranging from 2 to 15 cm; therefore, aver-
age TLD measurements were used to 
extrapolate an estimated dose delivered 
to the fetus.1 The estimated fetal dose 
of 2.4 cGy (0.064% of target dose) is in 
keeping with previously reported data. 
Other reports of brain irradiation dur-
ing pregnancy are summarized in Table 
2, all of which remain below the gener-
ally accepted threshold of 10 cGy, above 
which fetal harm is associated.1 

Upon completing radiation therapy, 
the patient met with her treating medi-
cal oncologist to consider systemic 
therapy. After discussing the risks and 
benefits of treatment she decided to 
accept adjuvant chemotherapy con-
sisting of cisplatin and gemcitabine 
at 23 weeks gestation. The FDA has 
classified cisplatin and gemcitabine 
as pregnancy category D, yet reports 
have suggested that cisplatin and gem-
citabine can be given without acute 
fetal toxicity, although no long-term 
follow-up exists for these children.8,9 

The patient had a spontaneous rup-
ture of membranes at 37 6/7 weeks 

gestation and vaginally delivered a 
healthy baby girl without complica-
tions. At last follow-up, marking 5 
years following initial WBRT, the 
patient’s child had met all develop-
mental milestones consistent with a 
healthy 5-year-old child. After ini-
tial therapy, the patient progressed 
to develop subsequent brain metasta-
ses, which were treated with Gamma 
Knife radiosurgery. The patient had 
no neurological sequelae from her 
disease.

CONCLUSION
In conclusion, we highlight a case 

of a 14-week pregnant female with 
newly diagnosed metastatic lung 
adenocarcinoma with brain metas-
tases who was treated with WBRT 
and is now 5 years post therapy with 
a healthy 5-year-old girl. Our esti-
mated cumulative fetal dose of 2.4 
cGy delivered during treatment is con-
sistent with data previously reported. 
We describe how with careful shield-
ing, attempts can be made to reduce 
fetal dose to as low as is reasonably 
achievable. While a thorough discus-
sion of the risks and benefits of any 
radiation exposure during pregnancy 
is vital prior to undergoing therapy, in 
our experience WBRT to a pregnant 
woman can be performed using tech-
niques to minimize unnecessary radia-
tion exposure to the fetus. 
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