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be used to assess for PABC. Dynamic contrast enhanced
breast MRI is not recommended during pregnancy; however,
it may safely be performed in lactating women to evaluate ex-
tent of disease or for high risk screening.

This article reviews appropriate imaging evaluation of the
pregnant or lactating woman, and showcases the imaging
features of benign and malignant lesions occurring during
pregnancy and lactation. Many benign lesions, including fi-
broadenoma and lactating adenoma, can mimic malignancy.
New or growing solid masses occurring during pregnancy and
lactation should be further evaluated with imaging and biopsy,
to avoid a delay in a potential cancer diagnosis.
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Pregnancy-associated Breast
Cancer and Other Breast Disease:
A Radiologic Review

Andrew Ony, MD; Lisu A Mullen, MD; Susun C. Harvey, MD

reast cancer is the most com-
B mon malignancy affecting
women, accounting for 30%
of all new cancer diagnoses in 2018.
Despite its high incidence, breast can-
cer carries a favorable prognosis, with
a 90% five-year survival rate for all
stages combined. ' Improvements in
screening techniques with advancement
in both patient and clinician educa-
tion have been paramount in detecting
breast cancer at earlier stages and dra-
matically reducing overall mortality
and morbidity. >3
A subset of breast cancer cases, spe-
cifically during pregnancy, is usually
diagnosed at more advanced stages and
carries a worse prognosis. 4® Mortal-
ity rates were shown to be nearly 50%
higher for cases of pregnancy associ-
ated breast cancer (PABC) compared
with non-PABC.” A meta-analysis of
3268 cases showed that PABC had a
significantly higher risk of death than
non-PABC with hazard ratio of 1.44;
95% CR [1.27-1.63]; PABC was in-
dependently associated with higher

Affiliations: Drs Ong and Mullen, Division
of Breast Imaging, Johns Hopkins Univer-
sity School of Medicine, Baltimore, MD.
Note: Dr Harvey is currently with Hologic,
Inc. but when this article was written was
with Johns Hopkins University School of
Medicine, Baltimore, MD.

FIGURE 1. 28-year-old patient, 36 weeks pregnant, who presented with two palpable right breast
lumps. Sonographic evaluation showed two separate hypoechoic masses in the right breast,
(A) located at 11:00 and (B) located at 2:30. Biopsy proved both masses to be fibroadenomas.

mortality, particularly those diagnosed
shortly postpartum.?

Fortunately, PABC is relatively
uncommon with an approximate inci-
dence of 1 in every 3,000 pregnancies,
comprising only 3% of all breast cancer
cases. >'9 However, a recent large US
population-based study showed an up-
trend in the overall incidence of PABC
between 2001-2013, which has been
postulated to largely result from women
delaying childbearing until a later age.'

PABC is defined as breast cancer
presenting during pregnancy or up to
one year postpartum. Naturally, PABC
has added repercussions and diagnostic
urgency given that the disease process

and treatments will ultimately affect
both the mother and fetus if diagnosed
during pregnancy. Additionally, a myr-
iad of physiological breast changes
occur in response to the hormonal stim-
ulation of pregnancy, which makes
clinical and radiologic evaluation tech-
nically difficult.

Currently, there is a paucity of litera-
ture on PABC. Intrinsic challenges and
lack of awareness have been postulated
to contribute to the delay in diagnosis,
which is a major factor in the overall
poor prognosis.'! Thus, it is critical to
be aware of this diagnosis. The goal of
this article is to illustrate the expected
changes to the breast during pregnancy

10 W  APPLIED RADIOLOGY

www.appliedradiology.com

September—October 2020



PREGNANCY-ASSOCIATED BREAST CANCER AND OTHER BREAST DISEASE

SA-CME

DETAILS ON PAGE 9

FIGURE 2. 27-year-old patient, 28 weeks pregnant, who presented with a palpable right breast lump. (A) Sonographic evaluation showed a
hypoechoic mass with cystic areas (arrows). (B) Color Doppler images demonstrated marked internal vascularity. Biopsy proved the mass to
be a lactating adenoma.

FIGURE 3. 29-year-old lactating patient, 10 months postpartum, who presented with a pain-

less palpable right breast lump. Sonographic images showed a well-circumscribed cystic
lesion with a fat-fluid level, consistent with a galactocele.

and lactation and the appropriate diag-
nostic approach when evaluating preg-
nancy associated breast complaints.
Also, this work highlights key imaging
characteristics that can help distinguish
benign from malignant processes.

Physiological Changes

During pregnancy and lactation,
the breast undergoes physiological
changes that are driven by fluctuat-
ing levels of estrogen, progesterone,
and prolactin. Increasing estrogen

levels secreted by the placenta induce
growth of both the ductal system and
surrounding stroma with large quan-
tities of adipose tissue deposition and
increased glandular vascularity. Si-
multaneously, increasing progesterone
levels play a synergistic role with es-
trogen by causing further maturation of
the breast lobules and alveoli with the
secretory characteristics of the alveoli
cells being developed.!''!3

Estrogen and progesterone, though
essential for breast development during

pregnancy, cause inhibition of milk pro-
duction. Concentrations of both these
hormones significantly drop near the
end of pregnancy and immediately after
parturition, eliminating their inhibitory
effects. On the other hand, secretion of
prolactin by the pituitary gland steadily
increases throughout pregnancy and,
when unopposed by estrogen and pro-
gesterone, promotes the synthesis of
milk. A few weeks postpartum, prolactin
concentrations also return to basal levels;
however, milk production is sustained by
breast feeding, which induces intermit-
tent spikes of marked prolactin secretion.

Clinically, these changes cause in-
creasing firmness, volume, and nodular-
ity to the breast which persists through
lactation and makes physical exam-
ination progressively more problem-
atic.'"'# This correlates with markedly
increased fibroglandular breast paren-
chyma, which affects the appearance
of the breast tissue on mammography,
ultrasound, and MRI, and changes the
overall sensitivity and utility of the vari-
ous radiologic modalities.

Radiologic Evaluation

Most pregnant women fall below
the recommended age for annual mam-
mographic screening, with the median
age at diagnosis of PABC being 33-34
years.*3 Thus, imaging evaluation of
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FIGURE 4. Puerperal mastitis with abscess in two different patients. (A) 34-year-old patient, several weeks postpartum, who had stopped
breast feeding, and (B) 23-year-old patient who was 4 months postpartum and breast feeding. Both patients presented with a palpable lump.
Ultrasound evaluation demonstrated a heterogeneous complex hypoechoic cystic mass in both cases. For patient A, biopsy of the mass was
performed, with result of abscess, and culture of fluid aspirated from the mass grew Staphylococcus aureus. For patient B, biopsy of the mass
yielded lactational/secretory changes with acute and chronic inflammation, and culture of fluid aspirated from the mass showed no growth,

which may have been related to prior antibiotic treatment.

FIGURE 5. 31-year-old patient, 10 weeks pregnant, who presented with a palpable lump in
the left axilla. (A) Ultrasound of the left axilla showed an abnormal lymph node with thick cor-

tex and effacement of the fatty hilum. Biopsy showed poorly differentiated infiltrating ductal
carcinoma. Patient then underwent diagnostic mammogram and whole breast ultrasound
to assess for the primary tumor. (B) Ultrasound showed an irregular hypoechoic mass with
numerous echogenic foci, consistent with calcifications. (C) Mammography demonstrated a
mass in the inner lower left breast with pleomorphic calcifications in a segmental distribution|[-
circle] as well as enlarged left axillary lymph nodes (arrow). Biopsy of the breast mass demon-

strated infiltrating ductal carcinoma.

PABC is predominantly diagnostic
in nature. Most patients present with
a palpable breast lump that can eas-
ily be assessed with ultrasound (US).
Furthermore, given the lack of radi-
ation and high sensitivity of between
86.7% -100%, US is easily the test of
choice.!>16

Sonographically, the increase in the
non-glandular fibrofatty tissue during
pregnancy causes the breast paren-
chyma to appear diffusely more hy-
poechoic.'5"!8 During lactation, the
breast parenchyma becomes diffusely
echogenic due to proliferation of glan-
dular components and production of

milk rich in fat. During this time, prom-
inent ducts and increased vascularity
can also be observed.!+18

Mammography may also be used
to assess for PABC with physiolog-
ical changes manifesting as marked
increase in parenchymal density and
breast size.'> However, owing to the
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FIGURE 6. 34-year-old lactating patient
who presented with a palpable left breast
lump. (A) Diagnostic US showed an
irregular hypoechoic mass. (B) Addition-
ally, a 1.7cm abnormal left axillary lymph
node was identified with thick cortex. (C)
Diagnostic mammogram showed a cor-
responding irregular mass in the outer
central breast (circle). Biopsy of the mass

ductal carcinoma with ipsilateral axillary i

lymph node metastases.

median age of women with PABC,
mammography is typically recom-
mended only if there is high suspicion
for malignancy or to determine extent
of disease.!! This is because mam-
mography is less sensitive compared
to ultrasound with studies reporting
sensitivities between 78-87% in the
setting of PABC.% !> 1? For lactating
women 40 and older, mammography is
considered appropriate.

Mammography is generally consid-
ered safe during pregnancy and lacta-
tion.?° It is important that radiologists
be prepared to discuss radiation safety
with patients and referring providers,
who are often hesitant due to perceived
risks. The fetus is most susceptible to
radiation-induced malformations during
the first trimester, believed to occur with
exposure greater than 0.05 Gy of radia-
tion. However, performing standard two-
view mammography of each breast with
abdominal shielding exposes the fetus
to ~0.003-0.004 Gy, a minimal fetal ra-
diation exposure. There is no proven
carcinogenic effect of mammography in
lactating women.!!-2

Currently, dynamic contrast enhanced
(DCE) breast MRI is not recommended
during pregnancy. Based on the current

DETAILS ON PAGE 9

American College of Radiology (ACR)
appropriateness guidelines, there is in-
sufficient safety data for the fetus, and its
diagnostic role has not been established.
MRI is only recommended during preg-
nancy when the risk-benefit ratio is
clearly defined by the disease process
and predicted outcome.'®-20

During lactation, DCE breast MRI
may be safely performed to evaluate
the extent of disease or for high-risk
screening. Gadolinium is considered
safe during lactation with very low con-
centrations found in the produced milk.
2! The current ACR guidelines do not
require patients to discontinue breast
feeding, though patients may pump and
discard breast milk for 24 hours after
gadolinium administration to fully ex-
crete the contrast and thus avoid any in-
gestion by the infant. 202!

Since breast MRI is not typically
performed during pregnancy, the phys-
iological changes observed on MRI
are typically of lactating women. Like
other modalities, the physiological
changes are manifested as increased
breast parenchymal. A few small-scale
studies have shown rapid, moderate
to marked increased background en-
hancement, which is postulated to be

secondary to increased perfusion. Ad-
ditionally, there is diffusely increased
T2 signal from milk production within
the breast tissue 2223

Previous reports have hypothesized
that the increased background enhance-
ment would limit the value of DCE breast
MRI in pregnant and lactating patients;
however, a small case series showed that
it was able to accurately detect all breast
cancers in five cases. 2 Also, in a recent
retrospective study, preoperative MRI
was shown to be 98% sensitive at detect-
ing tumors. More importantly, in 28% of
those cases, MRI changed surgical man-
agement by showing greater extent of
disease or pathologically proven larger
tumor burden compared to ultrasound
and mammography >*

Another recent small cohort study
showed that noncontrast breast MRI
using diffusion tensor imaging (DTI)
could be used in adjunct with other mo-
dalities in detecting PABC, evaluating
the symptomatic breast, and screening
high risk women during pregnancy. %
These studies show that MRI may be
of value in the management of PABC
despite current recommendations and
further research to explore these roles is
necessary.
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FIGURE 7. 33-year-old lactating patient, 1 month postpartum, who presented with a tender breast lump in the right breast. (A) US showed a
heterogeneously hypoechoic mass with parallel orientation. (B) Power Doppler demonstrated peripheral and internal vascularity. Biopsy of the

mass revealed diffuse large B-cell lymphoma.

Common Benign Disorders

As in non-pregnant young females,
the most common benign tumors associ-
ated with pregnancy are fibroadenomas.
It is postulated that the majority of fibro-
adenomas are present before pregnancy
but become apparent as they grow with
rising hormone levels. Clinically, these
present as painless, palpable, and rub-
bery masses, and are often multiple and
bilateral. Imaging findings are similar to
those of non-pregnant patients: an oval,
well-circumscribed hypoechoic mass.
In the setting of pregnancy or lactation,
for a growing fibroadenoma or a new
solid-appearing mass, even with be-
nign features, image-guided biopsy and
pathologic correlation is recommended
(Figure 1).!1:13.14

An uncommon benign entity that
mainly occurs in the setting of preg-
nancy, typically in the 3 trimester, is an
infarcted fibroadenoma. The etiology is
likely a rapidly growing fibroadenoma,
secondary to increased hormones, that
eventually outgrows its blood supply.
This produces variable imaging patterns
depending on the severity of infarction.
These lesions can have heterogeneous
echotexture, internal cystic spaces, and
ill-defined or irregular borders, mim-
icking malignancy and often requiring
pathological confirmation. Another form

of fibroadenoma that may mimic malig-
nancy is a fibroadenoma with secretory
hyperplasia or lactational changes. This
is thought to be due to hormone sensi-
tive epithelial cells within the fibroade-
noma, which are stimulated and undergo
growth of the ductal elements in a simi-
lar manner to normal mammary tissue
related to increased hormone levels.
Sonographically, these typically show
heterogeneous echotexture with hyper-
echoic areas, dilated ducts, and intrale-
sional cysts. Secretory like calcifications
may be seen on mammography.!! 1314
Lactating adenomas comprise a
fourth kind of benign tumor and are
unique to pregnancy and lactation.
They are often indistinguishable from
fibroadenomas on imaging and patho-
logically. They usually present as pal-
pable, solid, and mobile masses during
the 3™ trimester or during lactation and
can be multiple and bilateral. Their
typical sonographic appearance is of
a solid hypoechoic and oval, mass that
is circumscribed and may have microl-
obulations (Figure 2A); color Doppler
evaluation typically shows internal vas-
cularity (Figure 2B). Posterior acoustic
enhancement may be present secondary
to intralesional fluid. Like fibroadeno-
mas, lactating adenomas may also in-
farct and be painful, causing the lesion

to have a heterogeneous appearance
under imaging which can mimic malig-
nancy.!3:1426

Lactating women can also develop
galactoceles, which are the most com-
mon benign breast masses in these
patients. Galactoceles occur predom-
inantly after cessation of breastfeed-
ing, but they occasionally can occur
during lactation and, rarely, in the 3™
trimester.'® They are caused by milk ob-
structing a duct, inducing dilation of the
obstructed portion and forming a com-
plex cystic lesion. Fluctuating amounts
of internal degraded milk products and
surrounding inflammatory changes
cause variable imaging appearances.
Typically, these are oval shaped, with
variable echogenicity depending on fat
content and age of the lesion; they may
begin as anechoic and show increasing
echogenicity as they age. Internal vas-
cularity should never be seen, although
surrounding hyperemia is common due
to surrounding inflammatory changes.
Occasionally, a fat-fluid level may be
observed that is pathognomonic (Figure
3). The majority of galactoceles resolve
spontaneously.'!- 1314

A fifth benign entity commonly seen
during lactation but infrequently during
pregnancy is puerperal mastitis. The
mechanism of infection is disruption of

14 W  APPLIED RADIOLOGY

www.appliedradiology.com

September—October 2020



LEFT SAG 6 O'CLOCK LEFT TRANS 6 O'CLOCK

FIGURE 8. 29-year-old patient, 3 weeks postpartum, who presented with a palpable left breast mass with associated purple discoloration of the
skin. (A) Ultrasound evaluation showed an irregular hypoechoic mass (B) with marked internal and surrounding vascularity on color Doppler.
Punch biopsy of the involved skin showed angiosarcoma, and core biopsy of the breast mass showed low-grade angiosarcoma involving breast
parenchyma. (C) STIR sequence MRI images showed skin thickening with hyperintense signal (circle). (D) Postcontrast MRl maximum intensity
projection (MIP) image showed an enhancing mass with multiple large feeding vessels (circle).
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the nipple epithelium and milk stasis,
resulting in retrograde spread of bac-
teria, typically Staphylococcus aureus
and Streptococcus. Patients clinically
present with an erythematous, edem-
atous, and painful breast. Diagnosis
can be made based on clinical findings
when uncomplicated, though imaging
work-up may be necessary if there is
poor response to antibiotics or concern
of an underlying abscess. Ultrasound
is the modality of choice, with sono-
graphic findings of mastitis including
skin thickening, decreased parenchymal
echogenicity, and increased vascular-
ity. An abscess will typically appear as
a complex hypoechoic cystic mass with
peripheral vascularity and posterior
acoustic enhancement (Figure 4).!416:18

Treatment of puerperal mastitis con-
sists of antibiotics and frequent breast-
feeding or breast expression to limit
milk stasis. Ultrasound-guided aspira-
tion should be considered for drainage
of an abscess to provide pain relief and
to shorten illness duration. If the ab-
scess persists or recurs, repeat drainage
should be performed.”-'*!® In atypical
or refractory cases, further work-up
with mammography and US should be
considered, owing to the overlap of ra-
diologic and clinical findings of infec-
tion and inflammatory breast cancer.
Image-guided core needle biopsy or
skin-punch biopsy may be necessary if
there is suspicious imaging or clinical
features.!4!3

Pregnancy-associated Breast Cancer

Women with PABC typically pres-
ent with a firm, painless, and palpable
lump that is frequently non-mobile.'>:
26 Additional presentations include
unilateral breast enlargement with
skin thickening, nipple retraction, and
nipple discharge.?” As in non-preg-
nant patients, the most common breast
cancer associated with pregnancy is
invasive ductal carcinoma, with the
pregnancy-associated malignancies
having more aggressive histological
features. Middleton et al showed that
the most common histological subtype

DETAILS ON PAGE 9@

in 39 cases of PABC was a high-grade
tumor that was estrogen and proges-
terone negative with increased rates of
lymphovascular invasion.?

The imaging appearance of PABC
is similar to that of non-gestational
breast cancer. Nearly all cases of PABC
present with the unifying sonographic
finding of a mass.!*>?” Ultrasound fea-
tures that typically signify a malignant
rather than a benign process include a
hypoechoic mass that is taller than it is
wide, with indistinct or spiculated bor-
ders. Enlarged axillary lymph nodes
may also be present in the setting of
lymph node metastases. (Figures 5, 6)
It has been reported that PABC often
shows large cystic components, and up
to 63% of these malignancies display
posterior acoustic enhancement — find-
ings that are typically associated with
benign lesions.! 2?3 Thus, it is imper-
ative that biopsy be considered in the
setting of a new solid mass found on ul-
trasound during pregnancy, even with-
out suspicious features, to avoid delay
in care.

Mammographically, the most com-
mon presentation of PABC is a mass
with or without associated features,
such as skin thickening, calcifica-
tions, and axillary lymphadenopathy,
followed by calcifications without an
associated mass (Figures 5,6). A less
common presentation is skin thick-
ening with generalized increased pa-
renchymal density, typically seen
in inflammatory breast cancer. This
presentation can be confused with pu-
erperal mastitis, which can lead to a
delay in diagnosis 51327

The literature on MRI evaluation of
PABC is sparse, as contrast-enhanced
MRI is considered contraindicated in
pregnancy; most published research
focuses on postpartum and lactating
women. Despite concern that increased
background enhancement could reduce
sensitivity, a recent study by Myers et
al showed that contrast-enhanced MRI
had a sensitivity of 98% in detecting
malignancy. The most common MRI
appearance was of an enhancing mass

with 62% of the PABC displaying an
irregular shape and 66% having irreg-
ular margins. >*In a recent prospective
cohort by Nissan et al evaluating the
feasibility of noncontrast MRI using
DTI, PABC most often appeared as de-
creased diffusivity and maximal anisot-
ropy values when compared to normal
pregnant fibroglandular tissue .2

Atypical Pregnancy-related
Malignancies of the Breast

There are two distinct but uncommon
types of primary lymphomas that affect
the breast, both of which are especially
rare during pregnancy and lactation. The
first, Burkitt Lymphoma, is the less com-
mon of the two, presenting as diffuse
bilateral breast enlargement that affects
younger puerperal women. Classically,
this type of breast lymphoma is catego-
rized as the endemic or African type,
which has been linked to the Epstein-Barr
virus, though there are also sporadic
cases. On imaging, this malignancy
manifests as diffuse bilateral increase in
parenchymal density corresponding to
the infiltrative tumor process.'"-?° The
more common subtype, non-Hodgkin
lymphoma of the breast, typically af-
fects older women. These are usually
unilateral with presentation and imaging
features that are similar to those of breast
carcinoma.?? Although this lymphoma is
not typically associated with pregnancy,
there are a few confirmed cases in puer-
peral women (Figure 7).

Another rare entity that can affect
puerperal women is primary breast an-
giosarcoma. This aggressive tumor oc-
curs sporadically in younger women;
6-12% of these tumors are associated
with pregnancy or lactation.*® Clini-
cally, they present as a painless, rapidly
growing, and palpable mass, often ac-
companied by an adjacent bluish skin
discoloration.*’:3! The mammographic
appearance is nonspecific, with the most
common presenting feature being an
ill-defined noncalcified mass or a focal
asymmetry. Up to 33% of breast angio-
sarcomas are mammographically occult.
Sonographically, these tumors display
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varying echogenicity and may have cir-
cumscribed or ill-defined borders; on
color Doppler, angiosarcomas typically
display marked hypervascuarlity (Figure
8). On MRI, these tumors appear het-
erogeneous, displaying decreased sig-
nal intensity on T1 sequences and high
signal on T2 sequences. Low-grade an-
giosarcomas typically show a persistent
enhancement pattern on contrast-en-
hanced MRI, while high-grade tumors
display rapid enhancement and wash-
out, with large draining vessels possibly
being visualized (Figure 8).3!

Conclusion

PABC is a subset of breast cancer
that carries a poor prognosis. During
pregnancy, the breast undergoes many
physiologic changes that make an imag-
ing diagnosis challenging. Ultrasound
is the primary imaging modality in the
diagnostic work-up for PABC, though
mammography and MRI may also play
a role. Palpable masses presenting in
pregnant or lactating women should un-
dergo prompt imaging evaluation. New
or growing solid masses should be fur-
ther evaluated with biopsy to avoid de-
laying a potential cancer diagnosis.
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