Open Access Review

Radiological staging in pregnant

ESMDDpen

Cancer Horizons

To cite: Woitek R, Prayer D,
Hojreh A, et al. Radiological
staging in pregnant patients
with cancer. ESMO Open
2016;1:¢000017.
doi:10.1136/esmoopen-2015-
000017

» Prepublication history for
this paper is available online.
To view these files please
visit the journal online
(http://dx.doi.org/10.1136/
esmoopen-2015-000017).

Received 11 January 2016
Accepted 13 January 2016

\ CrossMark

Department of Biomedical
Imaging and Image-guided
Therapy, Medical University
of Vienna, Vienna, Austria

Correspondence to
Dr Ramona Woitek; ramona.
woitek@meduniwien.ac.at

patients with cancer

Ramona Woitek, Daniela Prayer, Azadeh Hojreh, Thomas Helbich

INTRODUCTION

Malignant diseases during pregnancy are rela-
tively rare, with an estimated incidence of 1 in
1000 pregnancies.! Owing to an increasing
delay of pregnancy to the third and fourth
decades of life, cancer will occur increasingly
more frequently during pregnancy. Diagnosis
is reportedly often delayed during pregnancy,
due to overlapping symptoms of pregnancy
and malignant disease, leading to higher
stages of disease at diagnosis."

After a malignant tumour is diagnosed
during pregnancy, the pregnant patients with
cancer must be provided with diagnostic
imaging for the evaluation of disease extent,
and to allow the same high-quality therapy
planning as that received by a non-pregnant
patient. At the same time, it is of the utmost
importance to limit harm to the fetus from
diagnostics and therapeutics as much as pos-
sible. Diagnostic imaging for staging purposes
relies, to a large extent, on ionising radiation
used in CT and in nuclear imaging modal-
ities, as well as on the intravenous application
of contrast agents. These methods cannot be
recommended outright during pregnancy,
due to possible detrimental effects on the
fetus. In the pregnant patient, the attending
physician is challenged with the choice of
diagnostic imaging modalities, while limiting
danger to the fetus as much as possible, and
still enabling disease management similar to
that in a non-pregnant patient. Therefore,
malignant disease in pregnant patients
should be managed by a multidisciplinary
tumour board that has the competence to
evaluate different strategies for staging,
including invasive and non-invasive methods.
In this article, the challenging task of finding
appropriate imaging modalities for the
staging of different malignant tumours that
occur during pregnancy will be discussed.

IONISING RADIATION

Proliferating cells are more sensitive to radi-
ation effects than cells that have completed cell
division.” The human embryo or fetus is a

rapidly proliferating organism and, therefore,
especially sensitive to radiation effects.
Potential adverse effects from prenatal radi-
ation due to imaging may comprise spontan-
eous abortion, congenital malformations
(teratogenesis) and carcinogenesis (table 1.2

To evaluate the risk the fetus undergoes
due to imaging of the pregnant patient, the
range of radiation dose that is applied
during the most common imaging studies
must be considered (table 2).

Spontaneous abortion

Radiation exposure over 50—-100 mGy during
the first 2 weeks after conception and before
implantation results in either spontaneous
abortion or a completely unaffected embryo
(‘all-ornone effect’).* The likelihood of
inducing abortion at doses below 50 mGy is
low and supposedly not distinguishable from
zero.® 7 It is noteworthy that the average risk
of spontaneous abortion is approximately
15% without any additional ionising radi-
ation due to imaging.7

Teratogenesis

Teratogenesis is a non-stochastic or determin-
istic effect of radiation, for which a threshold
exists, estimated to be around 50-100 mGy.
Above this threshold, cellular repair mechan-
isms fail, leading to loss of tissue function.
The severity of this effect increases with
dose.2 108 During organogenesis (between 3
and 8 weeks of gestation) and during the
early fetal period (until the 15th week of ges-
tation), when rapid neuronal development
and migration take place, the fetus is most
susceptible to the teratogenic effects of radi-
ation.* © 7 Radiation exposure above 100 mGy
during that time may lead to mental retard-
ation, microcephaly and intrauterine growth
restriction.” * ® After 16 weeks of gestation,
the threshold for teratogenic effects is around
500-700 mGy.7 Outside this time window, and
especially after 26 weeks of gestation, terato-
genic effects are extremely unlikely at dose
levels reached in diagnostic radiology.” '
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Table 1 Overview of potential adverse effects resulting from prenatal exposure to ionising radiation

Most sensitive

Threshold dose at which Absolute

period after an effect was observed incidence

Effect conception (d) (mGy) (%/mGy) Comment

Prenatal death 0-8 100 0.1 If the conceptus survives, it is
thought to develop fully, without
radiation damage

Growth 8-56 200 NA

retardation

Organ 14-56 100 0.05

malformation

Small head size  14-105 NA 0.05-0.10 Mental retardation in 25% of
children with small head size

Severe mental 56-105 100 0.01-0.04

retardation

Reduction of IQ  56-105 100 0.01-0.03

Childhood 0-77 - 0.017 Most commonly leukaemia

cancer

Inheritable 0.0003 in males

damage 0.0001 in

females

Modified after references® '° and®'.
NA, not applicable.

The risk for radiation-induced mental retardation is
highest from the 8th to the 15th week.” During this
time, the average IQ reduction is approximately 2.5-3.1
IQ-points per 100 mGy above a threshold of
100 mGy.* !

Intrauterine growth retardation after fetal irradiation
above the same threshold does occur, but is usually tran-
sient, meaning that the fetus is able to recover with
time.”

Furthermore, the probability of a fetus not developing
any malformation is 96%. This probability is still 95.9%
after a fetal dose of 50mGy, and 95.8% after
100 mGy.6 2 The fetal dose usually does not exceed
50 mGy in a single radiological imaging study. The
American College of Obstetricians and Gynecologists
has even stated that exposure to <50 mGy has not been

Table 2 Ranges of radiation dose applied during the
most common imaging studies

Typical fetal
radiation
Imaging dose (mGy)
Chest radiograph <0.01
Mammography (2 planes, bilateral) <0.01
CT of the head <0.005-0.5
CT of the chest 0.01-0.66
CT of the abdomen/pelvis 8-25
99MTc bone scintigram 3.3
'8F-FDG PET 1.1-9.04

Modified after references’ 7 %2 and®2.

8F-FDG PET, '®F fluorodeoxyglucose positron emission
tomography.

associated with an increase in fetal anomalies or preg-
nancy loss at all."” Therefore, carcinogenesis is often the
radiation effect that should concern radiologists and
treating physicians more than teratogenesis.

Carcinogenesis

Carcinogenesis is a stochastic effect of radiation that
does not result in a loss of tissue function, but does
result in DNA mutations. Carcinogenic effects can occur
at any dose and do not require any dose threshold. The
probability of the effect to occur increases linearly with
dose.” After an abdominal CT with a maximum uterine
dose of 50 mGy, the relative risk of childhood malignan-
cies may approximately double.'* % More specifically,
carcinogenic risk varies according to the trimester in
which radiation exposure happens. It is assumed to be
highest after radiation exposure during the first trimes-
ter of pregnancy, with the relative risk for childhood
cancer from the same dose of ionising radiation esti-
mated to be 3.19 in the first trimester, and around 1.3 in
the second and third trimesters, when organogenesis
has been completed.2 417 But, it is important to remem-
ber that the baseline cumulative risk of childhood
cancer without any kind of diagnostic imaging during
pregnancy is very low, at 1-2.5 per 1000 until the age of
15 years.* '® Therefore, after intrauterine radiation
exposure of 50 mGy, even 1.3-3.19 times this incidence
rate could still be considered a low risk for childhood
cancer.

Termination of pregnancy
Because of the quite minor risk of teratogenesis or car-
cinogenesis after radiation doses of up to 100 mGy,
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termination of pregnancy would not be justified. Above
200-500 mGy, the decision to abort a fetus has to be
made based on individual circumstances, such as the
requirement for serial-cross sectional imaging studies,
interventions or radiation thelrapy.4 Above 500 mGy, clin-
ically significant fetal damage may result from diagnostic
imaging, such as significant mental radiation after radi-
ation exposure during the 7th—-25th weeks of gestation.
Therefore, termination of pregnancy may be recom-
mended in this setting.* © '

IMAGING MODALITIES

When choosing an appropriate imaging modality to
evaluate the local extent or distant spread of a malig-
nant lesion during pregnancy, the following issues
should be considered: (1) safety of the fetus; (2) prob-
ability of metastatic disease and (3) the ability to achieve
a staging accuracy similar to that in a non-pregnant
patient.* Non-ionising imaging modalities, such as ultra-
sound (US) and MRI, are preferable when equivalent in
accuracy to imaging that involves ionising radiation.
When ionising radiation is used for imaging, the cumu-
lative uterine dose should be kept as low as reasonably
achievable (ALARA).*

Projection radiography

If the fetus is not directly within the region to be exam-
ined, fetal radiation exposure is generally negligible and
pregnancy should not alter the decision to perform an
indicated examination.® Generally, projection radiog-
raphy has only limited sensitivity in the detection of
metastatic disease. The radiologist should be aware that,
after a chest radiograph with either positive or negative
findings concerning metastatic disease, further imaging
of the chest may be warranted. If the probability is low
that projection radiography would definitely answer a
clinical question, MRI (preferably without contrast) or
CT (if it does not directly involve the fetus) should be
considered.

CT

The fetal dose in CT scans of the maternal head, neck
and extremities results from scatter radiation, and is neg-
ligible. The dose increases tremendously when the fetus
is in the field of view.® Technicians and radiologists
exposing the pregnant patient and the fetus to ionising
radiation are especially obliged to adhere to the princi-
ples of keeping the radiation dose as low as reasonably
achievable (ALARA). To achieve the lowest reasonably
possible dose that still would allow accurate image
quality, technicians and radiologists should adjust the
following parameters: tube potential (kV) may be
lowered based on the patient’s body weight; the tube
current-time product (mAs) may be decreased; the
pitch may be increased above 1; the number of acquisi-
tions may be limited to one; automated exposure
control, automatic tube current modulation and iterative

reconstruction, may be used.* ¢ 20 2! Caution is war-
ranted when decreasing radiation dose during CT.
Situations should be avoided in which diagnostic accur-
acy is diminished due to low image quality and examina-
tions involving ionising radiation might then have to be
repeated.

Abdominal shielding during any CT does not result in
substantial dose reduction, because most of the fetal
dose results from internal scatter radiation rather than
from direct radiation. Alternatively, internal shielding
using oral barium in suspensions beyond 30% does
reduce the fetal radiation dose.??

lodinated contrast agents

A single layer of chorionic epithelium serves as an inter-
face between the maternal and fetal circulation in the
placenta. Iodine-based contrast agents are limited in
their ability to cross the placenta, due to their relatively
high molecular weights.*> Nevertheless, measurable
amounts of iodinated contrast agents were detected in
the fetus after intravenous administration of typical clin-
ical doses to the mother.** After the iodinated contrast
agent transverses the placenta and enters the fetal blood
stream, it is excreted by the fetal kidneys and reaches
the amniotic fluid via fetal urine. The fetus swallows
amniotic fluid continuously, which lets the contrast
enter the fetal gut. Alternative routes from maternal
blood into the amniotic fluid have also been
suggested.23 »

It is recommended that an iodinated contrast agent
be used if the expected information could affect treat-
ment during pregnancy and if it is unjustifiable to delay
the examination until after pregnancy.* ** *® In vivo tests
in animals did not reveal any mutagenic or teratogenic
effects. But, to date, well-controlled studies of the terato-
genic effects in pregnant women have not been per-
formed.** Fetal thyroid gland function is essential for
the development of the central nervous system. Postnatal
hypothyroidism has rarely been reported after the injec-
tion of high doses of fatsoluble iodinated contrast
agents. Conversely, an intravenously administered low-
osmolarity, watersoluble iodinated contrast agent does
not have short-term effects on thyroid function in the
newborn, probably because the overall amount of excess
iodide in the fetal circulation is small and transient.”*
However, long-term effects are still unknown. To date,
no single case of neonatal hypothyroidism from mater-
nal intravascular injection of water-soluble iodinated
contrast agents has been documented.* ?7 Newborns
are now routinely evaluated for hypothyroidism during
the first week of life. If this screening is performed, no
extra attention is felt to be necessary for cases of intra-
venous administration of iodinated, water-soluble con-
trast agents at routine clinical doses during
pregnancy.** *® # In countries without routine screening
for hypothyroidism, an extra test should be performed
during the first week of life if an iodinated contrast
agent was administered to the mother during pregnancy.
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A general rule for the imaging strategy in a pregnant
patient is to intravenously administer the iodinated con-
trast agent for an examination that would also be per-
formed with contrast agent if the patient was not
pregnant. Otherwise, it might be necessary to repeat the
examination because of imaging limitations due to the
lack of contrast.* ®

Mammography

When abdominal shielding is used, mammography does
not present a risk to the fetus.?0 3! If, after initial breast
ultrasound (US), mammography is needed, it should
start with one mediolateral-oblique view. In case of a sus-
picious mass, craniolateral and mediolateral-oblique
views of both breasts are usually acquired to evaluate the
patient for widespread suspicious microcalcifications,
multicentric and bilateral disease.””

Ultrasound

US is frequently the firstline imaging tool for the evalu-
ation of the fetus and mother. US is generally consid-
ered a safe imaging modality, but should nevertheless be
performed only when indicated.” Energy deposition by
US exposure and subsequent tissue heating with haem-
orrhage or cavitation should be limited. The examiner
should adhere to the ALARA principle, although no
teratogenic effects from US have been found in humans
thus far.”> The US examination should be limited to
30 min; Doppler US should not be routinely used in
early pregnancy, due to higher energy deposition in the
body tissues.* *

MRI

To date, MRI during pregnancy has not been shown to
have any adverse effects on the fetus. Nevertheless, the
safety of MRI during pregnancy needs to be further
investigated.34 Unlike with CT, the potential fetal risks
due to MRI are predominantly teratogenic, not carcino-
genic.”* The potential teratogenic effects of MRI result
from the static magnetic field, which can potentially
alter cell migration, proliferation and differentiation.®* *
The majority of studies supporting the potential terato-
genic effects of MRI have been performed in animals
and have reported controversial results.’® Studies per-
formed in humans have not found adverse effects from
MRI for as much as 9years after the exposure of the
fetus.>% Generally, MRI is to be preferred over ionising
radiation, whenever possible.4 In 2013, the American
College of Radiology stated that MRI can be used in
pregnant patients regardless of gestational age when the
results are likely to influence treatment and cannot be
obtained by other non-ionising means, and when MRI
cannot be postponed until after gestation.35 There are
still no data about the risks of exposure during the first
trimester; therefore, it may still be sensible to avoid
unnecessary scanning during this period. The fetus is
more susceptible to teratogenic effects during this devel-
opmental phase and heat loss may be more

compromised during the first trimester, because placen-
tal blood flow is not yet properly established.*” The static
magnetic field, the time-varying magnetic field gradients
and radiofrequency pulses, may potentially harm the
fetus.** *°

Radiofrequency pulses deposit energy within body
tissues, potentially increasing body temperature. This
energy deposition is measured as the specific absorption
rate (SAR) in watts per kilogram (W/kg). An increase in
temperature has been shown to cause malformations in
animals®™ *' ** and teratogenic effects have also been
postulated for humans in cases where the maternal tem-
perature increase is >2-2.5°C for 30-60 min.* °
Controversial estimations have been published concern-
ing a potential increase in fetal body temperature
during MRI. In case of a maternal whole-body exposure
of 2 W/kg for a duration of 7.5 min, the fetal body tem-
perature may increase by >1°C. Therefore, it would not
be recommended to scan pregnant patients above the
normal whole-body SAR level of 2 W/ kg.4o Thus, it is
recommended that MRI protocols be designed in such a
way that higher SAR sequences (ie, HASTE/SSFSE) and
lower SAR sequences are interleaved.* Furthermore, it
is recommended that pregnant patients be imaged at
field strengths of no more than 3T, to keep the SAR
low.3* 43 44

In animals, it has been postulated that electromag-
netic fields may alter cell migration, proliferation and
differentiation.” In humans, thus far, no detrimental
effects have been shown. Nevertheless, it is recom-
mended that the only MR examinations that should be
performed are those that are considered necessary
during pregnancy, and to postpone any elective MRI
until after gestation.

Rapid gradient switching causes considerable noise
during MRI. Up to 80-120 dB may be produced during
an MRI protocol at 3 T, noise that has been reported to
cause temporary hearing loss in those patients exam-
ined.* *® Therefore, the use of headphones or earplugs
or both has become common practice to protect
patients from hearing loss. Above 90 dB, the fetal ear
may also be permanently damaged, especially after
34 weeks of gestation, when the fetal ear is developed.4 34
The maternal body attenuates at least 30 dB. If MRI pro-
duces 120 dB, 90 dB could still reach the fetal ear and
put it at risk for substantial damage.® ** Therefore,
sequences that cause loud noise, such as fast gradient
echo sequences, should be kept as short as possible.* To
date, no association of prenatal MRI and postnatal
hearing impairment has been observed.™

Gadolinium-based contrast agent

In animals, gadolinium has been shown to have terato-
genic effects when administered in high doses.”” To date,
no adverse event effects on the human fetus when
gadolinium-based contrast agents were administered at
clinically recommended doses during pregnancy have
been documented.* ** ** In a single-cohort study of 26

4
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women, exposure to gadolinium chelates during the first
trimester showed neither teratogenic nor mutagenic
effects on the fetus.2* 4 But, to date, no controlled studies
of teratogenic effects have been undertaken, and it is not
clear how gadolinium affects the fetus. Therefore, during
pregnancy and especially organogenesis, gadolinium
should be administered only if there is an absolutely essen-
tial clinical indication, if the potential benefits justify the
unknown potential fetal risk and if there is no alternative,
such as contrast-enhanced CT, to address the clinical ques-
tdon.* '® ?* Gadolinium crosses the placenta and, after
renal excretion, may accumulate in the amniotic fluid.
Subsequent dissociation of the toxic, free gadolinium ion
is possible, which could carry a risk for the development of
nephrogenic systemic fibrosis (NSF) in the mother and
the child.?* Therefore, a gadolinium-based contrast agent
that is associated with a low risk for developing NSF (gado-
butrol (Gadovist), gadoteridol (Prohance), gadoterate
meglumine (Dotarem))—at the lowest possible dose—
should be used.?* *°

Positron emission tomography and scintigraphy

In PET and scintigraphy, the fetus is exposed to ionising
radiation by the radioactive tracer that accumulates in
maternal body tissues and organs, then crossing the pla-
centa to enter the fetal circulation.”® Typically, the tracer
dose is reduced, to minimise fetal exposure, with a com-
pensatory increase in image acquisition time.”! During
®F fluorodeoxyglucose positron emission tomography
("|F-FDG PET), the fetus is exposed to doses of approxi-
mately 0.00616-0.0305 mGy/MBq, with the overall fetal
dose usually below 10 mGy (table 2).%?

In scintigraphic imaging during pregnancy, the most
common isotope in use is ~Ic, as is used for bone scin-
tigraphy. During this examination, the fetus is exposed
to a radiation dose of <5 mGy.* °' For thyroid gland scin-
tigraphy during pregnancy, 1 or 9™ are recom-
mended tracers, because of their short halflife.* '3

For tracers that are excreted renally, adequate hydra-
tion, intravenous application of 20 mg of furosemide
15 min after tracer application and bladder catheterisa-
tion are recommended, to minimise fetal radiation.”!

While PET and scintigraphy alone cause only minor
radiation exposure of the fetus, PET/CT exposes the
fetus to a relatively high radiation dose due to the com-
bination of two imaging methods involving ionising radi-
ation. Therefore, PET/CT should be postponed until
after completion of pregnancy.' °> PET/MRI is a reason-
able alternative to eliminate the ionising radiation from
CT, which could be considered for the staging of lymph-
oma, for example.54

IMAGING OF METASTATIC SPREAD TO SPECIFIC REGIONS
OF THE BODY

Metastatic pulmonary nodules

Pulmonary metastases can be evaluated with chest radio-
graphs, CT or with dedicated MRI. CT offers the highest

sensitivity, with only minor radiation exposure of the
fetus (table 2).°° °® Chest radiographs in the posteroan-
terior and lateral views may generally be accepted as
screening tools in non-pregnant patients with known
malignant disease, but with a low clinical suspicion of
metastatic disease.”” Chest CT is much more sensitive
for the detection of pulmonary metastases, due to the
higher spatial resolution and lack of superimposition of
anatomical structures. In case of clinical suspicion of
pulmonary metastases or a high propensity of the under-
lying malignancy for metastatic spread to the lungs, as is
the case in sarcomas, head and neck cancer, and
advanced stage melanoma, CT of the chest is indicated
in the non-pregnant patient.57 The same indications for
radiological screening for pulmonary metastases should
be applied to pregnant patients. Chest radiography and
chest CT without contrast only result in minimal radi-
ation exposure of the fetus (table 2), while the finding
of pulmonary metastases as a sign of disease spread may
tremendously affect treatment. Increasing numbers of
studies exist that report MRI of the chest to perform
similarly to CT in the detection of pulmonary metasta-
ses, thus supporting an increasing role of MRI; this
needs to be further evaluated.”®® MRI should only be
used for the detection of pulmonary metastases if the
radiologist and technician are experienced in the appli-
cation of MRI for this indication, otherwise, CT of the
chest may be considered.

Metastatic mediastinal lymphadenopathy

To evaluate mediastinal lymph nodes for metastatic
disease, MRI has been shown to be comparable to CT.*’
If a patient needs imaging of the chest to evaluate for
pulmonary metastases and there is a reasonable chance
of having mediastinal metastatic lymph adenopathy,
chest CT acquired after the intravenous application of
iodinated contrast agent appears to be a reasonable
imaging strategy to allow assessment of the lung paren-
chyma and an optimised evaluation of mediastinal struc-
tures at the same time. After administration of an
iodinated contrast agent during pregnancy, screening of
the newborn for hypothyroidism is warranted, as men-
tioned above.

Bone metastases

To scan for distant metastases in the bones, MRI that
includes T1-weighted sequences, short T inversion recovery
sequences and diffusion-weighted imaging is the primary
imaging method of choice during pregnancy.e’él_67 Bone
scintigraphy during pregnancy is recommended only if
MRI cannot be performed or cannot sufficiently answer
the question of whether skeletal metastases are present.

Brain metastases

To scan for brain metastases in patients with neuro-
logical symptoms, MRI without contrast agent is the pre-
ferred imaging modality.56
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STAGING OF DIFFERENT MALIGNANT DISEASES

Cancer during pregnancy is a relatively rare phenom-
enon, with an incidence of 1 in 1000-1500 pregnan-
cies.”” Diagnosis and treatment should be optimised
towards the maximal benefit for the mother while avoid-
ing harm to the child as much as possible. The inci-
dence of malignancies in pregnant women is similar to
that in non-pregnant women of the same age.1 The
most frequently diagnosed malignancies are listed in
table 3.

Breast cancer
Breast US with reported high sensitivity and specificity is
the standard method for the evaluation of a palpable
breast lesion during pregnancy.”’ Breast US allows a con-
fident diagnosis of clearly benign lesions, such as simple
cysts. After identifying a solid lesion, controversial
recommendations have been reported concerning
further work up. Biopsy is warranted without delay,™®
and—if the lesion demonstrates suspicious features—
mammography is recommended to evaluate for suspi-
cious calcifications that extend further than the lesion
visible on US. Furthermore, with adequate abdominal
shielding, bilateral mammography in two planes delivers
a dose of <0.06 Gy to the fetus and, thus, presents a neg-
ligible risk.”" °°  Initially, one mediolateral oblique
view should be acquired. In case of suspicious findings
in addition to those discovered on US, craniocaudal as
well as mediolateral oblique views of both breasts are
needed to evaluate the patient for multicentric and
bilateral disease.” °° Owing to the necessity for
gadolinium-based contrast agent and its inherent risks to
the fetus, breast MRI cannot be recommended during
pregnancy, and it should only be used with the utmost
caution if US and mammography are deemed inad-
equate, and if essential diagnostic information is
expected.

Along with the lungs, the bones and liver are the most
common sites of metastatic spread. Chest X-ray or CT,

Table 3 Incidence rates of the most frequently diagnosed
malignancies during pregnancies

Incidence of malignant tumours per pregnancies or
deliveries

Tumour type

Incidence

1:3000-10 000
1:2000-10 000

Breast cancer
Cervical cancer

Hodgkin’s lymphoma 1:1000-6000
Melanoma 2-5:100 000
Leukaemia 1:75 000—-100 000
Ovarian cancer 4-8:100 000
Colorectal cancer 1:13 000

Thyroid cancer 14:100 000

Brain and spine 3.6:1 000 000

Gestational trophoblastic tumour 1:20 000-1:160 000

156 83 and84.

Modified from references

US of the liver and MRI, without contrast agent, for the
detection of osseous lesions are recommended for
staging in locally advanced disease or in case of symp-
toms suggestive of distant metastases." If the risk for
distant metastases is low, imaging for distant disease
shoulglobe postponed until after pregnancy, if performed
at all.”

Cervical cancer

Abdominopelvic staging is usually performed by MRI
without contrast agent using mainly T2-weighted
sequences that provide information about local extent
(including hydronephrosis as a sign of parametric inva-
sion), lymphatic spread and distant metastases to the
abdomen.”® 7 For the evaluation of distant metastases to
the lungs and bones, the same guidelines as those for
breast cancer should be followed.

Haematological malignancies

Hodgkin’s disease is a more frequent occurrence during
pregnancy than non-Hodgkin’s lymphoma, due to a
peak in incidence in young adults. An unusual presenta-
tion of a haematological malignancy that is associated
with pregnancy is bilateral lymphoma of the breast.”® ™!
Bilateral breast involvement with acute lymphoblastic
leukaemia has also been described.”

In newly diagnosed lymphoma in the non-pregnant
patient, PET-CT of the neck, chest, abdomen and pelvis
is recommended, but this hybrid imaging modality is
generally not recommended during pregnancy.””
Instead, US of the neck, abdomen and pelvis, as well as
MRI without contrast of the neck, chest and abdomen,
are preferable. CT of the chest may be added if MRI is
insufficient for the evaluation of pulmonary parenchy-
mal disease. If available, PET/MRI might be a reason-
able option, offering high soft tissue contrast and
functional information.”® In the diagnosis and staging of
leukaemia, a disease conceptualised as a disseminated
malignancy of the haematopoietic system, there is no
role for imaging-based staging as in other malignan-
cies.”” Whenever imaging is warranted, non-ionising
imaging modalities are preferred over X-rays and CT, as
a general rule, if a high degree of diagnostic accuracy
can be obtained with these modalities.

Melanoma

The indication for staging examinations in melanoma
depends on the depth of invasion of the primary skin
lesion and on regional lymph node status or clinically
evident signs of distant metastases. Routine radiological
staging is recommended in patients with stage III and IV
disease only.76 In patients with a low risk for distant
metastases, if imaging is requested at all, chest X-ray and
US of the liver and the regional lymph nodes may be
used. If the melanoma is located on the lower extrem-
ities or lower body, MRI may be warranted to evaluate
for pelvic lymphadenopathy.”® Evaluation for pulmonary
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or brain metastatic disease follows the aforementioned
recommendations.

Ovarian cancer

US is usually the first—and often the only—imaging
modality to evaluate ovarian masses. In case of suspi-
cious features, MRI without contrast agent may be
helpful to further characterise the lesion and to evaluate
the abdominal cavity for any sign of malignancy or
metastases. In the presence of suspicious features on US
or MRI, surgical evaluation is usually required.”®

Thyroid cancer

US is usually the first-line imaging modality to evaluate
the thyroid and cervical lymph nodes. In case of suspi-
cious findings, histological diagnosis rather than thyroid
scintigraphy may be attempted.”® 77 Especially in cases
of poorly differentiated aggressive types of thyroid
cancer, chest imaging may be warranted, because the
lungs are the most common sites of distant metastases.
Therefore, native CT or MRI of the chest may be per-
formed, with CT having the highest sensitivity for small
pulmonary nodules, which are often seen in thyroid

cancer.”®!

Malignant tumours of the brain and spine

MRI is the imaging modality of choice in suspected
primary tumours of the brain and spine. In the charac-
terisation of a central nervous system tumour,
contrast-enhanced MRI and perfusion MRI play essential
roles and should not be withheld if the information
gained is expected to affect treatment.”® Advanced MRI
sequences, such as arterial spin labelling, which may
identify malignant gliomas based on hyperperfusion
without the use of gadolinium-based contrast agents,
may obviate the need for contrast administration.”

Gestational trophoblastic tumour

Gestational trophoblastic tumours arise as a direct conse-
quence of pregnancy. They comprise hydatiform moles,
placental site trophoblastic tumours and choriocarcin-
oma, with choriocarcinoma being the most malignant
form.”® ™ For the assessment of local tumour extent, US
and MRI without contrast can be used. MRI allows
assessment of the entire abdomen for metastatic
lesions.” Pulmonary metastases are a frequent occur-
rence and should be evaluated using chest radiography
or chest CT.%

COUNSELLING AND INFORMED CONSENT

The pregnant patient, probably even more than the
non-pregnant patient, will have doubts about the risks
posed by diagnostic imaging. The objective of informed
consent is to address the patient’s questions, and to
provide information about the possible risks and bene-
fits of diagnostic imaging.* ¥ ' The oncologist, together
with the radiologist, is encouraged to make every effort

to explain to the patient—in a way that the patient is
able to understand and follow—the reasons for imaging,
the imaging procedures, and the risks and benefits of
the imaging method chosen. Although some imaging
methods may increase the risks of teratogenesis or car-
cinogenesis, the patient should be informed about the
comparatively small absolute risks even after completing
imaging.4 919 It is also essential that the patient under-
stands the potential benefits of the planned examination
and knows why she might need to be exposed to radi-
ation or other imaging. The referring clinician may also
be encouraged to help explain to the patient that
imaging is required in order to obtain necessary diag-
nostic information. Written, informed consent should be
obtained from all patients.”

CONCLUSION

Diagnostic imaging for staging pregnant patients with
cancer is a challenging task that must be addressed by a
multidisciplinary team of physicians. As a first step, the
team has to consider the possible benefits imaging may
provide the individual patient for overcoming her
disease. The multidisciplinary team must make the most
useful choice of imaging modalities, to obtain informa-
tion needed to offer the patient the most effective treat-
ment for the disease stage. The radiologist is a crucial
player in this process, as he or she must guide the
choice of imaging modalities in such a way that will
accurately answer the clinicians’ questions, keeping in
mind that not only the patient, but also the unborn
child, must be protected from excess radiation and risk.
Finally, the team of physicians should involve and
counsel the patient in such a way that she does not have
to fear harm to herself or the fetus from single, well-
planned imaging studies.

Competing interests None declared.
Provenance and peer review Commissioned; internally peer reviewed.

Open Access This is an Open Access article distributed in accordance with
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, provided
the original work is properly cited and the use is non-commercial. See: http://
creativecommons.org/licenses/by-nc/4.0/

REFERENCES

1. Voulgaris E, Pentheroudakis G, Pavlidis N. Cancer and pregnancy:
a comprehensive review. Surg Oncol 2011;20:e175-85.

2. Nguyen CP, Goodman LH. Fetal risk in diagnostic radiology. Semin
Ultrasound CT MR 2012;33:4-10.

3. Brent RL. Saving lives and changing family histories: appropriate
counseling of pregnant women and men and women of reproductive
age, concerning the risk of diagnostic radiation exposures during
and before pregnancy. Am J Obstet Gynecol 2009;200:4—24.

4. Tirada N, Dreizin D, Khati NJ, et al. Imaging pregnant and lactating
patients. Radiographics 2015;35:1751-65.

5. Walter H. Review of radiologic physics. Lippincot Williams & Wilkins,
2010.

6. McCollough CH, Schueler BA, Atwell TD, et al. Radiation exposure
and pregnancy: when should we be concerned? Radiographics
2007;27:909-17; discussion 917-8.

Woitek R, et al. ESMO Open 2016;1:¢000017. doi:10.1136/esmoopen-2015-000017


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1016/j.suronc.2011.06.002
http://dx.doi.org/10.1053/j.sult.2011.09.003
http://dx.doi.org/10.1053/j.sult.2011.09.003
http://dx.doi.org/10.1016/j.ajog.2008.06.032
http://dx.doi.org/10.1148/rg.2015150031
http://dx.doi.org/10.1148/rg.274065149

Open Access

8

7. Gomes M, Matias A, Macedo F. Risks to the fetus from diagnostic 35. Kanal E, Barkovich AJ, Bell C, et al., Expert panel on MR Safety.
imaging during pregnancy: review and proposal of a clinical protocol. ACR Practice guideline for imaging pregnant or potentially pregnant
Pediatr Radiol 2015;45:1916—-29. adolescents and women with ionizing radiation. J Magn Reson

8. Coakley F, Cody D, Mahesh M. The pregnant patient: alternatives to Imaging 2013;37:501-30.

CT and dose-saving modifications to CT techniqgue—image Wisely. 36. Ziskin MC, Morrissey J. Thermal thresholds for teratogenicity,
2010. http://www.imagewisely.org/imaging-modalities/computed- reproduction, and development. Int J Hyperthermia 2011;27:374-87.
tomography/medical-physicists/articles/the-pregnant-patient 37. De Wilde JP, Rivers AW, Price DL. A review of the current use of

9. ACR—SPR Practice Parameter for Imaging Pregnant or Potentially magnetic resonance imaging in pregnancy and safety implications
Pregnant Adolescents and Women with lonizing Radiation. for the fetus. Prog Biophys Mol Biol 2005;87:335-53.

Amended. 2014. http://www.acr.org/~/media/9e2ed55531fc4b4fa53 38. Kok RD, de Vries MM, Heerschap A, et al. Absence of harmful
ef3b6d3b25df8.pdf effects of magnetic resonance exposure at 1.5T in utero during the

10. Wagner L, Lester R, Saldana L. Exposure of the pregnant patient to third trimester of pregnancy: a follow-up study. Magn Reson Imaging
diagnostic radiations: a guide to medical management. Medical 2004;22:851-4.

Physics Publishing, 1997. 39. Bouyssi-Kobar M, du Plessis AJ, Robertson RL, et al. Fetal

11.  United Nations Scientific Committee on the Effects of Atomic magnetic resonance imaging: exposure times and functional
Radiation. UNSCEAR 2010 report. 2010. outcomes at preschool age. Pediatr Radiol 2015;45:1823-30.

12.  Wagner LK, Hayman LA. Pregnancy and women radiologists. 40. Fetal MRI. Wimberger-Prayer D, Ed. Berlin: Springer-Verlag Berlin
Radiology 1982;145:559-62. Heidelberg, 2011.

13.  ACOG Committee on Obstetric Practice. ACOG Committee Opinion. 41. Tyndall DA. MRI effects on craniofacial size and crown-rump length
Number 299, September 2004 (replaces No. 158, September 1995). in C57BL/6J mice in 1.5T fields. Oral Surg Oral Med Oral Pathol
Guidelines for diagnostic imaging during pregnancy. Obstet Gynecol 1993;76:655-60.
2004;104:647-51. 42. Edwards MJ. Review: hyperthermia and fever during pregnancy.

14. Tremblay E, Thérasse E, Thomassin-Naggara |, et al. Quality Birth Defects Res Part A Clin Mol Teratol 2006;76:507-16.
initiatives: guidelines for use of medical imaging during pregnancy 43. Chen MM, Coakley FV, Kaimal A, et al. Guidelines for computed
and lactation. Radiographics 2012;32:897-911. tomography and magnetic resonance imaging use during pregnancy

15.  Wang PI, Chong ST, Kielar AZ, et al. Imaging of pregnant and and lactation. Obstet Gynecol 2008;112:333—40.
lactating patients: part 2, evidence-based review and 44. Wang PI, Chong ST, Kielar AZ, et al. Imaging of pregnant and
recommendations. AJR Am J Roentgenol 2012;198:785-92. lactating patients: part 1, evidence-based review and

16. Risk of Teratogenesis from GadoliniumlUCSF Radiology. http://www. recommendations. Am J Roentgenol 2012;198:778-84.
radiology.ucsf.edu/patient-care/patient-safety/ct-mri-pregnancy/ 45. Hemmati M, Mashayekhi F, Firouzi F, et al. Effects of
teratogenesis-gadolinium electromagnetic fields on reelin and Dab1 expression in the

17. Tao G, Yew DT, Gu T, et al. Sex-related differences in the developing cerebral cortex. Neurol Sci 2014;35:1243-7.
anteroposterior diameter of the foetal cisterna magna. Clin Radiol 46. Litmanovich DE, Tack D, Lee KS, et al. Cardiothoracic imaging in
2008;63:1015-18. the pregnant patient. J Thorac Imaging 2014;29:38-49.

18. Stiller CA, Parkin DM. Geographic and ethnic variations in the 47. Okuda Y, Sagami F, Tirone P, et al. [Reproductive and
incidence of childhood cancer. Br Med Bull 1996;52:682—703. developmental toxicity study of gadobenate dimeglumine formulation

19. Colletti PM. PET-CT in the Pregnant Patient. 2012. http://www. (E7155) (3)—Study of embryo-fetal toxicity in rabbits by intravenous
imagewisely.org/~/media/lmageWisely Files/NucMed/PETCT in the administration]. J Toxicol Sci 1999;24(Suppl 1):79-87.

Pregnant Patient.pdf 48. Marcos HB, Semelka RC, Worawattanakul S. Normal placenta:

20. McCollough CH. CT dose: how to measure, how to reduce. Health gadolinium-enhanced dynamic MR imaging. Radiology
Phys 2008;95:508-17. 1997;205:493-6.

21. Raman SP, Johnson PT, Deshmukh S, et al. CT dose reduction 49. De Santis M, Straface G, Cavaliere AF, et al. Gadolinium
applications: available tools on the latest generation of CT scanners. periconceptional exposure: pregnancy and neonatal outcome. Acta
J Am Coll Radiol 2013;10:37—41. Obstet Gynecol Scand 2007;86:99—101.

22. Yousefzadeh DK, Ward MB, Reft C. Internal barium shielding to 50. Thomsen HS, Morcos SK, Aimén T, et al. Nephrogenic systemic
minimize fetal irradiation in spiral chest CT: a phantom simulation fibrosis and gadolinium-based contrast media: updated ESUR
experiment. Radiology 2006;239:751-8. Contrast Medium Safety Committee guidelines. Eur Radiol

23. Webb JA Thomsen HS, Morcos SK, et al. The use of iodinated and 2013;23:307-18.
gadolinium contrast media during pregnancy and lactation. Eur 51. Colletti PM. PETCT in the pregnant patient. 2012. http://www.
Radiol 2005;15:1234-40. imagewisely.org/~/media/lmageWisely Files/NucMed/PETCT in the

24. ACR Committee on Drugs and Contrast Media. ACR Manual on Pregnant Patient.pdf
Contrast Media: Version 10.1. 2015. 52. Takalkar AM, Khandelwal A, Lokitz S, et al. 18F-FDG PET in

25. Morrison JC, Boyd M, Friedman BI, et al. The effects of pregnancy and fetal radiation dose estimates. J Nucl Med
Renografin-60 on the fetal thyroid. Obs Gynecol 1973;42:99-103. 2011;52:1035-40.

26. Atwell TD, Lteif AN, Brown DL, et al. Neonatal thyroid function after 53. Devine CE, Mawlawi O. Radiation safety with positron emission
administration of IV iodinated contrast agent to 21 pregnant patients. tomography and computed tomography. Semin Ultrasound CT MR
AJR Am J Roentgenol 2008;191:268-71. 2010;31:39-45.

27. Bourjeily G, Chalhoub M, Phornphutkul C, et al. Neonatal thyroid 54. de Haan J, Vandecaveye V, Han SN, et al. Difficulties with diagnosis
function: effect of a single exposure to iodinated contrast medium in of malignancies in pregnancy. Best Pract Res Clin Obstet Gynaecol
utero. Radiology 2010;256:744-50. Published Online First: 19 Oct 2015. doi: 10.1016/j.

28. Kochi MH, Kaloudis EV, Ahmed W, et al. Effect of in utero exposure bpobgyn.2015.10.005
of iodinated intravenous contrast on neonatal thyroid function. 55. Bruegel M, Gaa J, Woertler K, et al. MRI of the lung: value of
J Comput Assist Tomogr 2012;36:165-9. different turbo spin-echo, single-shot turbo spin-echo, and 3D

29. Rajaram S, Exley CE, Fairlie F, et al. Effect of antenatal iodinated gradient-echo pulse sequences for the detection of pulmonary
contrast agent on neonatal thyroid function. Br J Radiol 2012;85: metastases. J Magn Reson Imaging 2007;25:73-81.
e238-42. 56. Doyle S, Messiou C, Rutherford JM, et al. Cancer presenting during

30. Amant F, Deckers S, Van Calsteren K, et al. Breast cancer in pregnancy: radiological perspectives. Clin Radiol 2009;64:857—71.
pregnancy: recommendations of an international consensus 57. Mohammed TL, Chowdhry A, Reddy GP, et al. ACR
meeting. Eur J Cancer 2010;46:3158-68. Appropriateness Criteria® screening for pulmonary metastases.

31. Loibl S, von Minckwitz G, Gwyn K, et al. Breast carcinoma during J Thorac Imaging 2011;26:W1-3.
pregnancy. International recommendations from an expert meeting. 58. Regier M, Schwarz D, Henes FO, et al. Diffusion-weighted
Cancer 2006;106:237—46. MR-imaging for the detection of pulmonary nodules at 1.5 Tesla:

32. ACR-ACOG-AIUM-SRU Practice Parameter for the Performance of intraindividual comparison with multidetector computed tomography.
Obstetrical Ultrasound. 2014. http://www.acr.org/~/media/ J Med Imaging Radiat Oncol 2011;55:266-74.
f7bc35bd59264e7cbe648f6d1bb8b8e2.pdf 59. Schroeder T, Ruehm SG, Debatin JF, et al. Detection of pulmonary

33. Torloni MR, Vedmedovska N, Merialdi M, et al. Safety of nodules using a 2D HASTE MR sequence: comparison with MDCT.
ultrasonography in pregnancy: WHO systematic review of the AJR Am J Roentgenol 2005;185:979-84.
literature and meta-analysis. Ultrasound Obstet Gynecol 60. Koyama H, Ohno Y, Kono A, et al. Quantitative and qualitative
2009;33:599-608. assessment of non-contrast-enhanced pulmonary MR imaging for

34. Ciet P, Litmanovich DE. MR safety issues particular to women. management of pulmonary nodules in 161 subjects. Eur Radiol
Magn Reson Imaging Clin N Am 2015;23:59-67. 2008;18:2120-31.

8 Woitek R, et al. ESMO Open 2016;1:¢000017. doi:10.1136/esmoopen-2015-000017


http://dx.doi.org/10.1007/s00247-015-3403-z
http://www.imagewisely.org/imaging-modalities/computed-tomography/medical-physicists/articles/the-pregnant-patient
http://www.imagewisely.org/imaging-modalities/computed-tomography/medical-physicists/articles/the-pregnant-patient
http://www.imagewisely.org/imaging-modalities/computed-tomography/medical-physicists/articles/the-pregnant-patient
http://www.imagewisely.org/imaging-modalities/computed-tomography/medical-physicists/articles/the-pregnant-patient
http://www.imagewisely.org/imaging-modalities/computed-tomography/medical-physicists/articles/the-pregnant-patient
http://www.imagewisely.org/imaging-modalities/computed-tomography/medical-physicists/articles/the-pregnant-patient
http://www.acr.org/~/media/9e2ed55531fc4b4fa53ef3b6d3b25df8.pdf
http://www.acr.org/~/media/9e2ed55531fc4b4fa53ef3b6d3b25df8.pdf
http://dx.doi.org/10.1148/radiology.145.2.7134471
http://dx.doi.org/10.1097/00006250-200409000-00053
http://dx.doi.org/10.1148/rg.323115120
http://dx.doi.org/10.2214/AJR.11.8223
http://www.radiology.ucsf.edu/patient-care/patient-safety/ct-mri-pregnancy/teratogenesis-gadolinium
http://www.radiology.ucsf.edu/patient-care/patient-safety/ct-mri-pregnancy/teratogenesis-gadolinium
http://www.radiology.ucsf.edu/patient-care/patient-safety/ct-mri-pregnancy/teratogenesis-gadolinium
http://www.radiology.ucsf.edu/patient-care/patient-safety/ct-mri-pregnancy/teratogenesis-gadolinium
http://www.radiology.ucsf.edu/patient-care/patient-safety/ct-mri-pregnancy/teratogenesis-gadolinium
http://www.radiology.ucsf.edu/patient-care/patient-safety/ct-mri-pregnancy/teratogenesis-gadolinium
http://www.radiology.ucsf.edu/patient-care/patient-safety/ct-mri-pregnancy/teratogenesis-gadolinium
http://www.radiology.ucsf.edu/patient-care/patient-safety/ct-mri-pregnancy/teratogenesis-gadolinium
http://dx.doi.org/10.1016/j.crad.2008.02.007
http://dx.doi.org/10.1093/oxfordjournals.bmb.a011577
http://www.imagewisely.org/~/media/ImageWisely Files/NucMed/PETCT in the Pregnant Patient.pdf
http://www.imagewisely.org/~/media/ImageWisely Files/NucMed/PETCT in the Pregnant Patient.pdf
http://www.imagewisely.org/~/media/ImageWisely Files/NucMed/PETCT in the Pregnant Patient.pdf
http://dx.doi.org/10.1097/01.HP.0000326343.35884.03
http://dx.doi.org/10.1097/01.HP.0000326343.35884.03
http://dx.doi.org/10.1016/j.jacr.2012.06.025
http://dx.doi.org/10.1148/radiol.2393042198
http://dx.doi.org/10.1007/s00330-004-2583-y
http://dx.doi.org/10.1007/s00330-004-2583-y
http://dx.doi.org/10.2214/AJR.07.3336
http://dx.doi.org/10.1148/radiol.10100163
http://dx.doi.org/10.1097/RCT.0b013e31824cc048
http://dx.doi.org/10.1097/RCT.0b013e31824cc048
http://dx.doi.org/10.1259/bjr/29806327
http://dx.doi.org/10.1016/j.ejca.2010.09.010
http://dx.doi.org/10.1002/cncr.21610
http://www.acr.org/~/media/f7bc35bd59264e7cbe648f6d1bb8b8e2.pdf
http://www.acr.org/~/media/f7bc35bd59264e7cbe648f6d1bb8b8e2.pdf
http://dx.doi.org/10.1002/uog.6328
http://dx.doi.org/10.1016/j.mric.2014.09.002
http://dx.doi.org/10.1002/jmri.24011
http://dx.doi.org/10.1002/jmri.24011
http://dx.doi.org/10.3109/02656736.2011.553769
http://dx.doi.org/10.1016/j.pbiomolbio.2004.08.010
http://dx.doi.org/10.1016/j.mri.2004.01.047
http://dx.doi.org/10.1007/s00247-015-3408-7
http://dx.doi.org/10.1016/0030-4220(93)90077-H
http://dx.doi.org/10.1002/bdra.20277
http://dx.doi.org/10.1097/AOG.0b013e318180a505
http://dx.doi.org/10.2214/AJR.11.7405
http://dx.doi.org/10.1007/s10072-014-1690-z
http://dx.doi.org/10.1097/RTI.0000000000000064
http://dx.doi.org/10.2131/jts.24.SupplementI_79
http://dx.doi.org/10.1148/radiology.205.2.9356634
http://dx.doi.org/10.1080/00016340600804639
http://dx.doi.org/10.1080/00016340600804639
http://dx.doi.org/10.1007/s00330-012-2597-9
http://www.imagewisely.org/~/media/ImageWisely Files/NucMed/PETCT in the Pregnant Patient.pdf
http://www.imagewisely.org/~/media/ImageWisely Files/NucMed/PETCT in the Pregnant Patient.pdf
http://www.imagewisely.org/~/media/ImageWisely Files/NucMed/PETCT in the Pregnant Patient.pdf
http://dx.doi.org/10.2967/jnumed.110.085381
http://dx.doi.org/10.1053/j.sult.2009.09.005
http://dx.doi.org/10.1016/j.bpobgyn.2015.10.005
http://dx.doi.org/10.1002/jmri.20824
http://dx.doi.org/10.1016/j.crad.2008.08.020
http://dx.doi.org/10.1097/RTI.0b013e3182010bf9
http://dx.doi.org/10.1111/j.1754-9485.2011.02263.x
http://dx.doi.org/10.2214/AJR.04.0814
http://dx.doi.org/10.1007/s00330-008-1001-2

8 Open Access

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Biederer J, Schoene A, Freitag S, et al. Simulated pulmonary
nodules implanted in a dedicated porcine chest phantom: sensitivity
of MR imaging for detection. Radiology 2003;227:475-83.
Stolzmann P, Veit-Haibach P, Chuck N, et al. Detection rate,
location, and size of pulmonary nodules in trimodality PET/CT-MR:
comparison of low-dose CT and Dixon-based MR imaging. /nvest
Radiol 2013;48:241-6.

Usuda K, Sagawa M, Motono N, et al. Advantages of
diffusion-weighted imaging over positron emission
tomography-computed tomography in assessment of hilar and
mediastinal lymph node in lung cancer. Ann Surg Oncol
2013;20:1676-83.

O’Sullivan GJ, Carty FL, Cronin CG. Imaging of bone metastasis: an
update. World J Radiol 2015;7:202—11.

Schmidt GP, Schoenberg SO, Reiser MF, et al. Whole-body MR
imaging of bone marrow. Eur J Radiol 2005;55:33—40.

Steinborn MM, Heuck AF, Tiling R, et al. Whole-body bone marrow
MRI in patients with metastatic disease to the skeletal system.

J Comput Assist Tomogr 1999;23:123-9.

Wilhelm T, Stieltjes B, Schlemmer HP. Whole-body-MR-diffusion
weighted imaging in oncology. Rofo 2013;185:950-8.
Pentheroudakis G, Pavlidis N. Cancer and pregnancy: Poena
magna, not anymore. Eur J Cancer 2006;42:126—40.

Sechopoulos |, Suryanarayanan S, Vedantham S, et al. Radiation
dose to organs and tissues from mammography: Monte Carlo and
Phantom Study. Radiology 2008;246:434—43.

Oto A, Emst R, Jesse MK, et al. Magnetic resonance imaging of the
chest, abdomen, and pelvis in the evaluation of pregnant patients
with neoplasms. Am J Perinatol 2007;24:243-50.

Surov A. Imaging findings of hematologic diseases affecting the
breast. Semin Ultrasound CT MR 2013;34:550-7.

Bohgaki T, Notoya A, Mukai M, et al. Acute lymphoblastic leukemia
with breast infiltration during the second trimester of pregnancy and
followed by successful delivery. Rinsho Ketsueki 1999;40:652—7.
Cheson BD, Fisher RI, Barrington SF, et al. Recommendations for
initial evaluation, staging, and response assessment of Hodgkin and

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

non-Hodgkin lymphoma: the Lugano classification. J Clin Oncol
2014;32:3059-68.

Amit O, Barzilai M, Avivi . Management of hematologic
malignancies: special considerations in pregnant women. Drugs
2015;75:1725-38.

Guillerman RP, Voss SD, Parker BR. Leukemia and lymphoma.
Radiol Clin North Am 2011;49:767-97, vii.

Kauffmann RM, Chen SL. Workup and staging of malignant
melanoma. Surg Clin North Am 2014;94:963-72, vii.

Yalamanchi S, Cooper DS. Thyroid disorders in pregnancy.

Curr Opin Obstet Gynecol 2015;27:406—15.

Furtner J, Schépf V, Schewzow K, et al. Arterial spin-labeling
assessment of normalized vascular intratumoral signal intensity as a
predictor of histologic grade of astrocytic neoplasms. Am J
Neuroradiol 2014;35:482-9.

Allen SD, Lim AK, Seckl MJ, et al. Radiology of

gestational trophoblastic neoplasia. Clin Radiol

2006;61:301-13.

Lurain JR. Gestational trophoblastic disease II: classification and
management of gestational trophoblastic neoplasia. Am J Obstet
Gynecol 2011;204:11-18.

Arbeitsausschuss zur Ermittlung der pranatalen Strahlenexposition
Deutsche Gesellschaft fir Medizinische Physik e.V. Prénatale
Strahlenexposition aus medizinischer Indikation. Dosisermittlung,
Folgerungen fiir Arzt und Schwangere. 2002.

Woussen S, Lopez-Rendon X, Vanbeckevoort D, et al. Clinical
indications and radiation doses to the conceptus associated with CT
imaging in pregnancy: a retrospective study. Eur Radiol Published
Online First: 23 Jul 2015. doi: 10.1007/s00330-015-3924-8

Haas JF, Janisch W, Staneczek W. Newly diagnosed primary
intracranial neoplasms in pregnant women: a population-

based assessment. J Neurol Neurosurg Psychiatry 1986;49:
874-80.

Gestational Trophoblastic Neoplasia: Practice Essentials,
Background, Pathophysiology. http://emedicine.medscape.com/
article/279116-overview#a6

Woitek R, et al. ESMO Open 2016;1:¢000017. doi:10.1136/esmoopen-2015-000017


http://dx.doi.org/10.1148/radiol.2272020635
http://dx.doi.org/10.1097/RLI.0b013e31826f2de9
http://dx.doi.org/10.1097/RLI.0b013e31826f2de9
http://dx.doi.org/10.1245/s10434-012-2799-z
http://dx.doi.org/10.4329/wjr.v7.i8.202
http://dx.doi.org/10.1016/j.ejrad.2005.01.019
http://dx.doi.org/10.1097/00004728-199901000-00026
http://dx.doi.org/10.1016/j.ajog.2010.06.072
http://dx.doi.org/10.1016/j.ejca.2005.10.014
http://dx.doi.org/10.1148/radiol.2462070256
http://dx.doi.org/10.1055/s-2007-973444
http://dx.doi.org/10.1053/j.sult.2013.05.001
http://dx.doi.org/10.1200/JCO.2013.53.2770
http://dx.doi.org/10.1007/s40265-015-0464-0
http://dx.doi.org/10.1016/j.rcl.2011.05.004
http://dx.doi.org/10.1016/j.suc.2014.07.001
http://dx.doi.org/10.1097/GCO.0000000000000226
http://dx.doi.org/10.3174/ajnr.A3705
http://dx.doi.org/10.3174/ajnr.A3705
http://dx.doi.org/10.1016/j.crad.2005.12.003
http://dx.doi.org/10.1016/j.ajog.2010.06.072
http://dx.doi.org/10.1016/j.ajog.2010.06.072
http://dx.doi.org/10.1007/s00330-015-3924-8
http://dx.doi.org/10.1136/jnnp.49.8.874
http://emedicine.medscape.com/article/279116-overview#a6
http://emedicine.medscape.com/article/279116-overview#a6
http://emedicine.medscape.com/article/279116-overview#a6

	Radiological staging in pregnant patients with cancer
	Introduction
	Ionising radiation
	Spontaneous abortion
	Teratogenesis
	Carcinogenesis
	Termination of pregnancy

	Imaging modalities
	Projection radiography
	CT
	Iodinated contrast agents
	Mammography
	Ultrasound
	MRI
	Gadolinium-based contrast agent
	Positron emission tomography and scintigraphy

	Imaging of metastatic spread to specific regions of the body
	Metastatic pulmonary nodules
	Metastatic mediastinal lymphadenopathy
	Bone metastases
	Brain metastases

	Staging of different malignant diseases
	Breast cancer
	Cervical cancer
	Haematological malignancies
	Melanoma
	Ovarian cancer
	Thyroid cancer
	Malignant tumours of the brain and spine
	Gestational trophoblastic tumour

	Counselling and informed consent
	Conclusion
	References


