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Foreword

Pregnancy should be a time of rejoicing for a woman and her partner with the
thrill of a new birth to look forward to. After delivery, breastfeeding allows
bonding and provides the best source of nutrients for the baby. In a few
patients, however, pregnancy does not come alone, and a woman’s biggest
fear, breast cancer, develops in a few women at a time in their life when they
should be optimistically looking toward the future. Also for some women,
breastfeeding can be a challenge. Although breastfeeding seems the most
natural thing in the world, I am not sure we are really honest with women
about how challenging breastfeeding can be.

Current books available to doctors dealing with breast problems during
pregnancy and lactation are limited. They are written from one perspective
and rarely give a balanced or comprehensive view of the problems. This book
provides a range of views and perspectives of the problems women experi-
ence during pregnancy and lactation. Rather than me extolling the virtues of
this book which are clear just from looking at the chapter listing, I thought it
might be worthwhile sharing two challenging patients as a background as to
why a new book dealing with pregnancy and lactation problems is so timely
and necessary — some of the patient details have been modified to protect
their identity. When you read their stories, you will understand why there is a
need for such a book and why the authors and editors are to be congratulated
for producing such a valuable text.

e RP was a 30-year-old nurse. She was pregnant and was having problems
with morning sickness. She went to her GP to get advice, and just as she
was on the way out of the consultation, she mentioned rather as an after-
thought that she had a breast lump. GP appointments in the UK are only
10 min, and the GP indicated that normally as it was another problem, she
should make another appointment to have her breast lump assessed, but
the GP at that visit did perform a breast examination and confirmed a
lump, reassuring that the lump felt benign. A routine referral to see a breast
surgeon was made. Two weeks later, RP attended a breast clinic where a
breast lump measuring 30 mm was confirmed, and while a fibroadenoma
was considered the most likely, a core biopsy was performed. The pathol-
ogy showed the lump was a triple-negative breast cancer and as RP was
only 20 weeks pregnant. Chemotherapy was then started, and she was
referred to genetics. The response to chemotherapy was good, but the gene
test showed an abnormality in BRCAI, and this was thought likely
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pathogenic. Chemotherapy was completed, the baby was delivered, and
then surgery followed. A bilateral mastectomy with reconstruction was
performed after discussion of the implications of the BRCA1 abnormality.
Within the breasts, there was no residual disease at the site of the initial
cancer after chemotherapy. RP had a good cosmetic outcome from her
surgery, and all wounds healed. She coped amazingly well during what
was a hugely stressful time. Her baby was bottle-fed and thrived. Given
the wish for more children, a decision was taken by RP and her husband to
have IVF with preimplantation genetic testing to ensure any subsequent
children did not carry the BRCA1 gene abnormality. It was during this
time that the genetics team contacted RP with updated information, which
had now concluded the genetic abnormality in BRCA1 present in RP had
been downgraded to a variant of unknown significance. RP found this
news devastating and confusing. Explaining what the downgrading meant
as arisk to RP and her daughter took time and numerous visits, and slowly,
RP understood this was good news in that her daughter was no longer at
increased risk and the downgrading meant that she could keep her ovaries.
For patients like this, a huge team of professionals is involved in treating
and supporting her through very difficult times. At a time when she was
just getting her life on track, RP found the news about the downgrade to be
a huge psychological blow.

HS was a 34-year-old first-time mother. She started to breastfeed with
much hope and great enthusiasm. Within a week, her nipples became
cracked. She was spending more than 8 hours a day breastfeeding, and her
baby was struggling to get enough milk. HS received advice from breast-
feeding counsellors and health visitors, but the advice was not always con-
sistent. She developed pain, erythema and swelling but delayed seeing her
GP by 48 hours. The infection did not settle, and she was given a second
course of antibiotics. HP in retrospect had a breast abscess by the time of
the second course of antibiotics, and when she was eventually referred to
hospital, her whole breast was erythematous and oedematous with enlarged
tender axillary nodes and systemic signs of sepsis. Both nipples were
excoriated, and HP was exhausted and in pain. Two abscesses were drained
by aspiration and irrigation with local anesthetics. After an in-depth dis-
cussion, it was decided to stop breastfeeding and suppress her milk flow
with cabergoline. This is something we rarely do, but the whole breast was
inflamed and very tender. Her baby was transferred to bottle feeding and
coped well. HP was discharged home the next day on oral antibiotics and
needed two more aspirations in the following week. After 10 days, HP was
reviewed, and I could hardly believe it was the same woman. She was
happy, enjoying her baby, and in no pain. HP felt very guilty that she had
not managed to breastfeed for longer, but she was happy with life. Her
abscesses had settled, and her breast slowly returned to normal with no
obvious change in shape.

A journalist writing in the UK newspaper The Guardian recently wrote:
“As I type this, the clock hands are creeping towards 2.30 a.m., and my
baby daughter is slumbering beside me having had her first feed of the
night. There will, unquestionably, be more. I am on hand 24/7 to meet her



Foreword

dietary needs, an always-open milk bar with only one thing on the menu
and only one employee serving the drinks. There is very little customer
feedback, though occasionally I am rewarded with a loud and strangely
satisfying burp.” She goes on “we must be honest about how tough breast-
feeding can be. A procession of midwives — all of them kind, all of them
determined to show me just how straightforward nature can be — grapple
with my baby’s head and my nipple and try to bring them together in per-
fect harmony. It does not work. I spent my daughter’s first evening on earth
painstakingly squeezing out tiny droplets of colostrum into a minuscule
syringe. It is only the next day that, infuriated perhaps by my increasingly
cack-handed attempts, she eventually complies.” She finishes “nature can
be marvelous and can also be capricious, but it is also supremely
painful.”

The key to management of any patient experiencing problems is an excel-
lent knowledge base, communication, and teamwork. While the two patient
stories and the perspective of the journalist might not be common, they are
important reminders that problems do occur during pregnancy and lactation.
This book provides the depth of information to allow the reader to provide
care for such patients. Importantly, this book deals with both physical and
psychological aspects of diseases and conditions affecting women in preg-
nancy and lactation. It is not just getting the patient better physically that
matters; equally important is dealing with patient’s fears and anxieties.
Ensuring they have a good quality of life is also paramount. I hope that you
find this book useful and enjoy reading it as much as I have. I know that if you
do read this book and ever come across patients with such extreme problems,
you will have all the knowledge, information, and skills you need to manage
such patients.

Edinburgh, UK Michael Dixon



Preface

Pregnancy naturally goes with hope and happiness in the family. However,
the experience might be linked up with a sense of anxiety, because of the
thrilling anticipation of a dearest newcomer whose needs might be hard to
fulfill by the parents. When, in these circumstances, health of the expectant
mother seems endangered, the whole family gets distressed. This situation
also alarms the physicians, who know that diseases are likely to be over-
looked during gestation and difficult to approach because of safety issues for
the mother and child.

The notion to write this book originated from the numerous women who
came to us for various complaints in their breasts, from a distorted look to
intractable mastitis or alarming lumps during these early phases of
maternity.

Unfortunately in recent years, we are faced with increasing numbers of
pregnancy-associated breast cancers; this is due both to the decreasing age of
breast cancer and to the globally increasing age of childbearing. Whereas
diagnosis and management of malignancy in the prenatal and postnatal set-
tings is associated with several challenges, approaching benign conditions
are sometimes no less defying in these periods.

In this book, we have tried to discuss every condition of the breast that
may bother women in their prenatal and breastfeeding days. Physiologic
alterations, benign disorders, and malignancies of the breasts are approached
in view of concerns in pregnancy and lactation. In addition, care of the mother
and fetus during and after treatment of pregnancy-associated breast cancer,
fertility and gestation after treatment of the disease, as well as related psycho-
logical aspects are conversed. The authors of all chapters are academics from
valued dedicated centers around the world and have written the texts based on
effective medical literature, international clinical guidelines, and systematic
practice.

We hope that this book will meet the needs of general physicians, gyne-
cologists, surgeons, internists, oncologists, and every other practitioner who
deals with problems of the breasts in pregnant and nursing women.

Tehran University of Medical Sciences, Ramesh Omranipour
Tehran, Iran
Tehran University of Medical Sciences, Sadaf Alipour

Tehran, Iran
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Anatomy and Physiology
of the Breast during Pregnancy

and Lactation

Ashley Alex, Eva Bhandary,
and Kandace P. McGuire

Abstract

The mature breast is located within the ante-
rior thoracic wall, lying atop the pectoralis
major muscle. Pubertal changes lead to incom-
plete development of the breast, a process
which is only completed during pregnancy.
The incomplete breast consists mostly of adi-
pose tissue but also lactiferous units called
lobes. These eventually drain into the lactifer-
ous ducts and then into the lactiferous sinus
and then to the nipple-areolar complex. During
pregnancy, the breast undergoes both ana-
tomic and physiologic changes to prepare for
lactation. During the first trimester, the ductal
system expands and branches out into the adi-
pose tissue in response to the increase of
estrogen. Elevated levels of estrogen also
cause a decrease in adipose tissue and ductal
proliferation and elongation. Estrogen also
stimulates the pituitary gland which leads to
elevated levels of prolactin. By the twentieth
week of gestation, mammary glands are suffi-
ciently developed to produce components of

milk due to prolactin stimulation. Milk pro-
duction is inhibited by high estrogen and pro-
gesterone levels and colostrum is produced
during this time. In the third trimester and then
rapidly after birth, these levels decrease,
allowing for milk production and eventual let-
down to allow for breastfeeding. Most preg-
nancies cause the areola to darken, the breast
to increase in size, and the Montgomery
glands to become more prominent. Post-
lactational involution occurs at the cessation
of milk production caused by a decline in
prolactin.

Keywords

Anatomy - Physiology - Pregnancy -
Colostrum - Breastfeeding - Involution

1.1 Overview

The mature breast is located within the anterior
thoracic wall, between the second and sixth inter-
costal cartilage. More specifically, the innermost

A. Alex, B.S. - E. Bhandary, B.S. - K. P. McGuire,
M.D. (b))

Department of Surgery, Division of Surgical
Oncology, Virginia Commonwealth University/
Massey Cancer Center, Richmond, VA, USA
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mcguire @vcuhealth.org

© Springer Nature Switzerland AG 2020

portion of the breast lies atop the pectoralis fascia
of the pectoralis major, serratus anterior, external
oblique abdominal muscles, and the upper extent
of the rectus sheath; it measures from 10 to 12 cm
in diameter. Breasts are cone shaped structures
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that extend from each lateral border of the ster-
num to the anterior axillary line. During puberty,
the onset of the menstrual cycle and changes in
hormones such as estrogen and progesterone in
the body leads to the incomplete development of
the breast. Only during pregnancy will the female
breast mature to its full capacity.

Most of the incompletely developed breast
consists of adipose tissue, but also comprises
fibroglandular parenchyma and connective tissue.
The breast parenchyma contains 15—20 units
called lobes. These lobes are made up of 20—40
lobules and each lobule consists of 10—100 hol-
low cavities known as alveoli that are a few mil-
limeters in size [1]. Cuboidal epithelium capable
of synthesizing the protein and lipid components
of breast milk, and myoepithelial cells capable of
contracting epithelial cells compose each alveo-
lus. The lobes of the breast drain into lactiferous
ducts which broaden to form a sinus prior to con-
verging with the nipple. Major ducts are made up
of double layers of cuboidal epithelial cells and
minor ducts are made up of a single layer of
cuboidal cells while the lactiferous sinus is lined
by stratified squamous epithelial cells. (Fig. 1.1).

The lactiferous sinus drains to the nipple-
areola complex- the more pigmented circular
area on the vertex of the breast. Underneath the
areola, smooth muscle fibers lie in a circular pat-
tern in the dense connective tissue and parallel to
lactiferous ducts in order to erect nipples in

response to appropriate stimuli. The areola also
contains sweat, sebaceous and accessory glands
called the Montgomery tubercles, which secrete
oils [2] (Fig. 1.2).

1.2  Breast Changes during

Pregnancy and Lactation

Anatomical and physiological changes occur in
the mature breast as a result of elevated hormone
levels during pregnancy. The alveolar epithelium
increases in size and begins the secretion of com-
ponents of the milk in response to elevated estro-
gen levels as early as ovulation. During the
second week of pregnancy, the corpus luteum
secretes estrogen and progesterone; while the
placenta takes on this role during later stages of
pregnancy. Prior to pregnancy, the ratio of adi-
pose tissue to glandular and ductal tissue is large
in mammary glands. During the first trimester,
the ductal system expands and branches out into
the adipose tissue in response to the increase of
estrogen. Elevated levels of estrogen also cause a
decrease in adipose tissue. Approximately
8 weeks after fertilization, trophoblasts, the cells
that eventually become the placenta, produce the
human chorionic gonadotropin (hCG) hormone.
HCG works to prevent degradation of the corpus
luteum and stimulate the corpus luteum to con-
tinue the production of progesterone and estro-

Fig. 1.1 Physiological changes in the breast during preg-
nancy, lactation and involution. (a) Breast in mid-
pregnancy. Acinar cells have a hobnail appearance with
vacuolated cytoplasm. Note absence of luminal secre-
tions. Hematoxylin and eosin stain. (b) Lactating breast.
The acini are expanded with accumulation of secretions.
Acinar epithelium appears finely vacuolated. Hematoxylin

and eosin stain. (¢) Involution of breast 1 month after ces-
sation of lactation. Acini are dilated with accumulation of
secretions. Hematoxylin and eosin stain. (Reprinted from
“Breast Pathology”, Second Edition, Syed A. Hoda,
Normal Breast and Developmental Disorders, Pages
1-23, Copyright 2017, with permission from Elsevier)
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Fig. 1.2 The anatomy
of the mature breast
prior to pregnancy.
(Reprinted from “Atlas
of Pelvic Anatomy and
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sinus)

terminal duct terminal duct
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Gynecologic Surgery”,
Fourth Edition, Donna
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Pages 1169-1180,
Copyright 2016, with
permission from
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gen. HCG peaks at around the ninth week of
pregnancy and declines afterward [3].

During early pregnancy, serum progesterone
levels increase from 27 ng/ml (range, 20.0-
42.2 ng/ml) to 138 ng/ml (range 105-215, ng/ml)
during late pregnancy. Elevated concentration of
progesterone induces lobular branching and
enlargement in the breast. On the other hand,
serum estrogen levels rise from 2 ng/ml (range,
1.19-4.00 ng/ml) during early pregnancy to
22 ng/ml (range, 13.6-35.6 ng/ml) during late
pregnancy [4]. Increased concentration of estro-
gen leads to some increase in the proliferation of
adipose tissue but mainly leads to ductal prolif-
eration and elongation. These lobular-ductal units
replace a fair amount of adipose tissue during

Superficial pectoralis fascia

Lobule

Rib

Subcutaneous
fat lobules

mammary gland development in pregnancy [5].
As these hormone concentrations rise, ductal-
lobular proliferation continues to occur.
Estrogen levels also impact the size and activ-
ity of the anterior pituitary gland in the brain. The
pituitary gland can increase up to 36% in size
when estrogen stimulation leads to an increase in
the number and size of lactotroph cells within the
gland [6]. This stimulation results in the synthesis
and secretion of prolactin by lactotroph cells.
Prolactin is a hormone that induces lactation in
alveolar cells of lobules in mammary glands [7].
By the twentieth week of gestation, mammary
glands are sufficiently developed to produce
components of milk due to prolactin stimulation.
Some ejection of milk occurs when myoepithe-
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Fig. 1.3 The hormones
of pregnancy. HCG,
prolactin, progesterone,
and estriol (primary

HORMONES OF PREGNANCY

form of estrogen) shown

Corpus luteum

Placenta

throughout the different
stages of pregnancy.
(Reprinted from
“Physiology”, Sixth
Edition, Linda

S. Costanzo,
Reproductive
Physiology, Pages
461-482, Copyright
2018, with permission
from Elsevier)

Hormone level

HCG °

30

Weeks of pregnancy

lial cells respond to oxytocin and contract milk-
producing alveolar cells. However, higher
concentrations of estrogen and progesterone cir-
culating in the blood inhibit milk production dur-
ing pregnancy [8, 9] (Fig. 1.3).

The second trimester of pregnancy involves
the accumulation of colostrum through milk
acini, which include milk-producing cuboidal
epithelial cells and myoepithelial cells that con-
tract them [10]. Colostrum is any milk that is
released during the first couple of days after par-
turition. A key characteristic of colostrum is the
presence of an abundance of antibodies produced
by lymphocytes compared to the presence of low
quantities of lipids produced by epithelial cells.
When the breast increases in size as a response to
increased hormone levels, lymphocytes, eosino-
phils, and plasma cells aggregate within the con-
nective tissues contributing to the release of
antibacterial compounds into the alveoli. As
immune cells and plasma cease to accumulate in
the breast, the production of colostrum decreases
and lipid-rich breast milk increases.

During the third trimester, the ductal system
continues to expand, dilate and fill with colos-
trum. After birth, there is a rapid decrease in

progesterone while there is an increase in
prolactin and oxytocin. Prolactin pushes forward
milk production, while oxytocin triggers the let-
down reflex that allows the infant to withdraw
breast milk from the milk ducts. The let-down
reflex is a neuroendocrine reflex that results in
the release of milk when the nipple-areola com-
plex is stimulated. When an infant sucks on the
nipple, it stimulates the fourth intercostal nerve
present in the breast, causing the hypothalamus
to release oxytocin [11]. Myoepithelial cells
around the alveoli contract and squeeze the milk
out, pushing it down the ducts and out of the
nipple in response to oxytocin [12].

Most pregnancies cause the areola to darken,
the breast to increase in size, and the Montgomery
glands to become more prominent; [3] indicating
that the body is ready for lactation. Failure in
these changes can create problems with breast-
feeding, typically associated with producing
inadequate milk [13]. One point to notice here is
that all of these changes lead to the enlargement
of the breasts, but the size of the breast does not
equate to its functional capacity. The maximum
capacity of storing milk varies from 80 ml to
600 ml in volume. During breastfeeding, breasts
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capable of storing a lower volume of breast milk
empty quickly, but alveolar cells within the mam-
mary glands synthesize breast milk rapidly in
contrast to alveolar cells in breasts with larger
capacity [11].

Post-lactational involution occurs at the cessa-
tion of milk production caused by a decline in
prolactin. Massive apoptosis and cell death occur
in the mammary gland and the tissue in the breast
is remodeled. The connective tissue of the lob-
ules goes from a loose to a dense structure. Acini
lose lining cells and the basement membrane of
the acini becomes thicker [10].
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Abstract

Physical exam of the breast is a very important
part of breast assessment both for breast can-
cer screening, and when approaching breast
lesions. Examination during pregnancy and
breastfeeding follows exactly the same method
as non-pregnancy periods. However, physical
changes that occur in the breast during these
times due to hormonal effects cause altera-
tions that can on one hand conceal some
pathologic disorders, and may on the other
hand appear as pathologic findings while
being purely physiologic. This chapter focuses
first on some key points for an accurate breast
examination, and then reviews some challeng-
ing controversial findings that may be noticed
during breast exam in a pregnant or lactating
woman.
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2.1 Overview

Breast examination (BE) is a skill that needs both
experience and attention. One should not only
put adequate time but also care enough to exam-
ine all parts that are involved in breast disease,
that is whole breasts, axillary regions, and supra-
and infraclavicular areas. BE includes taking
related history from the patient, breast inspection
(BI), and breast palpation (BP) [1, 2].

During the interview, in addition to general
items such as age and queries about systemic
and underlying diseases or medications, ques-
tions should be asked about menstrual and
reproductive history including consumption of
exogenous hormones; past history of irradiation
to the chest or recent trauma, any type of breast
surgery, previous breast imaging, and breast
symptoms including pain, swelling, skin discol-
oration, recent asymmetry, or enlargement; as
well as nipple eczema, itching, desquamation,
retraction, or secretions. Furthermore, previous
history of benign breast disecase and breast,
ovarian or other cancer, and a family history of
any of these malignancies should be enquired
[3,4].

During BI, the examiner should inspect breasts
and lymph node-bearing areas in different posi-
tions for various pathologic changes such as
breast edema or asymmetry; skin edema, dim-
pling, ulcer, retraction, or color change; nipple
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desquamation or disfiguration; as well as any
ulcer or swelling [3-5].

While performing BP, the upper trunk should
be disrobed so that relevant areas are completely
exposed. The examiner should be aware that
some breasts contain much glandular tissue and
feel very nodular on palpation. It is the skill of
the physician to be attentive about the symmetry
of thick or nodular areas of the breast, as well as
any abnormality that might be palpated as hard,
or firmer, among those areas. Thus, the presence
of any lump, thickening, or nodularity in the
breast should be assessed. Thereafter, palpation
of axillary, supraclavicular and infraclavicular
areas, as well as slight nipple squeezing for any
significant discharge should be performed [3-5].

The following four aspects should be defi-
nitely considered in a perfect BE:

First, in view of the appropriate timing, BE is
better performed when the breast is not edema-
tous, engorged, and tender because of cyclical
hormonal effects. Normally, women feel uncom-
fortable with their breasts from 1 to 2 days before
their menstrual period to the first or second days
of the menses. Some women experience a sense
of heaviness for a longer duration in their breasts,
beginning even 1 week before, and going on
throughout menstruation. BE should, therefore,
preferably be performed at a time where breasts
are at ease, most ideally the week after the men-
ses. In extreme cases, breasts tenderness occurs
during the major part of the hormonal cycles,
which is considered pathologic, and the BE is
inevitably performed on sensitive breasts.

Second, from the aspect of the anatomic extent
of the breasts (see also Chap. 1), it should be kept
in mind that despite its more limited average ana-
tomic definition, breast tissue might extend from
below the clavicle to a few centimeters under the
inframammary line from top to bottom, and from
midsternum to midaxillary lines from side to side
(Fig. 2.1) [3, 6-8]. All these parts should be care-
fully examined during a BE. For this purpose and
to avoid leaving out any part, it has been pro-
posed to always follow a definite pattern for pal-
pating the entire breast; suggested patterns are
depicted in Fig. 2.2a. Practically, one can use a

Fig. 2.1 Boundaries of the expected extent of breast
examination

combination of patterns (Fig. 2.2b), but it seems
wise to follow approximately the same combined
pattern for all women to perform BE accurately.

Third, in terms of how to palpate the breast, it
is important not to pinch breast tissue during BE
because fibroglandular components will be felt
similar to pseudomasses through fatty tissue
(Fig. 2.3). Breast tissue must be palpated by the
pads of the 3 middle fingers (Fig. 2.4), pressing
the breast to the chest wall in different levels of
pressure, with small circular motions of the fin-
gers in each point.

All findings of BI and BP should be docu-
mented. Picturing the roundness of the breast as a
clock, location of each pathologic or even chal-
lenging physiologic finding should be noted
down. It is preferable to show the size of the
lesions, distance from the areola, and placement
as hour on the clock in a sketch (Fig. 2.5). In
addition, shape, consistency, mobility, and cir-
cumference of any lump must be noted.

2.2  Concernsin Pregnancy

and Lactation

Physical examination of the breasts during preg-
nancy or at the time of breastfeeding follows
basically the same rules and methods as a usual
BE. However, physiologic changes that occur
during these periods affect the size, shape, and
consistency of the breasts (see also Chap. 1),
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Fig.2.2 (a) Suggested
patterns of breast
palpation. (b) Practical
combined pattern of
breast palpation

Fig. 2.3 Pseudomass detected when pinching the breast
during breast palpation

making BE much more difficult because of
increased nodularity and diffuse firmness [1, 9—
11]. Therefore, it is strictly recommended to per-
form BE in women who are planning for
pregnancy, and at the first prenatal visit [12, 13].
A record should always be kept of results of these
examinations.

Most of the apparently abnormal findings in
BE of gravid or nursing women are physiologic
alterations (Table 2.1). However, breast masses

Fig. 2.4 Pads of the middle 3 fingers for appropriate
breast exam

do occur in this period. Although lumps that
occur in all women might occur and even enlarge
in pregnant and nursing mothers, some masses
are unique to this time, including galactoceles,
lactating adenomas, or infarctions [1, 14, 15].
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Fig. 2.5 Defining a breast lesion by location and size in
the breast

Furthermore, even though breast lumps are more
frequently benign in these periods, malignancy
does occur and might impose a diagnostic chal-
lenge [9, 16, 17]. It should be emphasized that
pregnant women are generally younger than
40 years, and thus any cancer would probably
first be suspected based on physical findings and
not on mammography [5]. For every indetermi-
nate finding, the physician should not delay fur-
ther evaluation by mammography or biopsy in
case of persistent doubt [9, 12, 18] (see also
Chaps. 3 and 4).

2.2.1 During Pregnancy

Physiologic changes of pregnancy influence both
BI and BP (see also Chap. 1). These are summa-
rized in Table 2.1.

2.2.1.1 In History Taking

Complaints of pain might aggravate, which war-
rants no more investigation if bilateral and asso-
ciated with breast engorgement, except for a
complete BE. Unilateral pain and tenderness
needs to be assessed to rule out mastitis and
breast abscess (see also Chaps. 5 and 7).

The woman may complain of nipple dis-
charge. The discharge may be colored, similar to
physiologic discharge observed in non-pregnant
women, which does not need further evaluation.
Milk discharge beginning in pregnancy is consid-
ered physiologic and is more commonly expected
to occur in the last trimester [19, 20]. However, a
most alarming symptom is bloody nipple dis-
charge, which may occur as a consequence of
physiologic changes of pregnancy. This and
watery discharge need a more thorough assess-
ment as explained below (see also Chap. 5).

2.2.1.2 In Breast Inspection

Result of BI in pregnant women is sometimes
alarming because of pronounced changes in the
appearance of the breasts, and evidence about the
significance of each sign is scarce. The author
therefore refers to the experience based on prac-
tice in her institute. Unexpectedly, findings of BI
are unilateral in some circumstances, which
cause much distress. This phenomenon may per-
haps be secondary to unequal amount of breast
tissue components on the two sides. Any previous
asymmetry in breast volumes may become exag-
gerated, causing one to notice it for the first time.
Engorged breasts may appear slightly erythema-
tous; this redness is ordinarily intensified in more
dependent areas, such as around the areola or in
lower halves (Fig. 2.6).

Edema occurs both in breast parenchyma and
skin. Skin edema may cause dimpling, which is
occasionally localized to a small area such as a
few centimeters, in any part of the breasts. This
might be a normal variant if not accompanied by
other pathologic findings in BE and ultrasound
(US). Edema of the nipples and areolas produce
disturbing pictures not unlike malignant infiltra-
tion in some circumstances, but these must not
alarm the examiner if seen bilaterally while other
parts of BE and US are within normal limits.
Another expected finding in pregnant women is
axillary swelling, which is secondary to physio-
logic changes that occur correspondingly in pre-
existing axillary breasts and is sometimes



Table 2.1 Positive findings in breast exam caused by physiologic changes of pregnancy and lactation

Findings in Physiologic . Should be ruled- Diagnostic
Hints Follow-up
breast exam correlate out approach
During Pregnancy
In Breast Inspection
Breast Observe for
Pain and . Mastitis and US if severe other
engorgement May be unilateral . .
tenderness breast abscess and unilateral presentations of
and edema . .
infection
US, cytol
Bloody I . > cyioloy .
. Proliferation of . Papilloma, breast | recommended, | Observe with
nipple . May be unilateral .
. duct epithelium cancer rarely mammo | serial exam
discharge
IDP
Breast Breast Is ex'aggeration of Brea§t lump US if clinically
engorgement previous causing .. No
asymmetry suspicious
and edema asymmetry enlargement
Mastitis and Us 0.111y if
. localized and
Breast More severe in breast abscess, ..
Erythema . suspicious, No
engorgement dependent parts inflammatory
breast cancer rarely mammo
IDP
. . . Occa§1onally Mastitis and US, and Ob.serve with
Dimpling Skin edema localized to a serial exam +/-
breast cancer mammo [DP
small area Us
Edema of the N Us 1.f (lzhmcally
Swollen . May be Mastitis and suspicious,
. nipple and . No
nipple-areola asymmetric breast cancer rarely mammo
areola
IDP
Hypertrophy of | May b Pathologi
Axillary YPETIOply OF | Ay be athologic US if clinically
. ectopic axillary | asymmetric or lymphadenopathy, .. No
swelling . . suspicious
breast unilateral axillary mass
In Breast Palpation
A tri .
syfumetiio Development May feel like a Factual breast US, rarely
focal . No
. of alveoli mass lumps mammo [DP
nodularity
If watery,
F tl ilateral, and
Watery . . requenty Factual watery unrateral, an
. Milk secretion | precedes milk . spontaneous: No
discharge . discharge
secretion US, and
mammo [IDP
in up to 20% of
Bloody Proliferation of | gravid women, Papilloma, breast | US, and Observe with
discharge duct epithelium | especially in 2" cancer mammo IDP serial exam
and 3™ trimesters
During Lactation *
Biopsy only in
NipPle ~Suckling of the | May lead to nipple Paget’s disease extre.n?e L.ocal care of the
erosion infant ulcer suspicious nipple
cases
Bloody If it continues
nipple Epithelial for more than can go on with
itheli . w
.pp P . . Inup to 15% of Papilloma/ breast | 2 months after 8 .
discharge, proliferation of . . breastfeeding
. . nursing mothers | cancer delivery, US +
mixed with the ducts
. mammo *+
milk .
biopsy

US = ultrasound, mammo = mammography; a. All findings of breast exam during pregnancy apply in breastfeeding also.
The mother should empty her milk as much as possible before breast exam. IDP = if doubt persists.
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Fig. 2.6 Enlargement,
edema, erythema, and
areolar darkening in the
breasts of a 27 weeks
pregnant woman

Severe marking of bra secondary
to sevious skin edema

asymmetric or even unilateral because of differ-
ent amounts of breast tissue in axillae. These can
happen actually in any other ectopic breast tissue
as well, although seen rarely (see also Chap. 5).

2.2.1.3 In Breast Palpation

Development of alveoli during pregnancy might
not occur symmetrically, and these can be felt as
focal nodularities, or even feel similar to masses.
Whereas extra work-up should not be done for
physiologic nodularities, any suspicion of a mass
should be assessed with US. If US illustrates
glandular tissue and this correlates with the
examiner presumption, no further work-up needs
to be done. However, if presence of a mass is
highly assumed, further follow-up by mammog-
raphy, and biopsy when necessary, must be per-
formed [11, 15, 21, 22].

Nipple discharge should be checked by
squeezing of the nipple. According to the author’s
experience, watery discharge frequently precedes
milk secretion, and squeezing should be repeated
several times to find this out. Even when milk is
not seen coming out of the breast after multiple
attempts, if the discharge is from both breasts, it
can be followed up for few weeks to get sure that
it is not milk. If not, the same approach as that
followed for non-pregnant women with discharge
is followed. When the discharge is bloody, com-
plete BP and US should be done. If no pathology

is found, physiologic discharge of pregnancy
should be considered because this occurs in up to
20% of gravid women, especially in the second
and third trimesters [9, 11, 13, 17, 23, 24] (see
also Chaps. 4, 5, 6 and 8).

2.2.2 During Lactation

Changes are about the same in lactation, except
that milk fills the spaces, BE becomes more chal-
lenging, and lactating adenoma, galactoceles,
and mastitis are much more common compared
with pregnant women (see also Chaps. 6 and 7)
[1, 14, 15]. In addition, axillary breasts might get
filled with milk, and get more enlarged and more

asymmetric; breast asymmetry may also
get aggravated in breastfeeding mothers
(Fig. 2.7).

However, same criteria as above imply for
BE. The specific point is that the breasts should
be emptied, whether by nursing or by draining
milk out, and palpation be done afterward.
Bloody nipple discharge, mixed with milk, may
occur in 15% of nursing mothers, who can go on
with breastfeeding. However, if it continues for
more than 2 months after delivery, further work-
up should be carried out [11, 14, 17, 18, 20, 24].
Breastfeeding may cause nipple erosion or ulcer.
These are not considered dangerous and need no
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Fig. 2.7 Breast
asymmetry in a mother
nursing her fifth child;
she only used her right
breast for breastfeeding

further follow-up except for an intractable
expanding case which would need tissue sam-
pling; actually when nipple eczema and desqua-
mation persist despite appropriate local care and
treatment, Paget’s disease should be considered
(see also Chap. 18).
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Abstract

All breast disorders found during pregnancy
and lactation should be carefully evaluated.
Most of them are benign, but it is essential to
exclude pregnancy-associated breast cancer
(PABC), which is too often diagnosed late.
The first-line imaging technique is ultrasound
(US), which must be completed by mammog-
raphy if there is any clinical or US suspicious
sign. In lactating patients with PABC, breast
magnetic resonance imaging (MRI) can be
useful for local assessment.

Management depends on the precise anal-
ysis and BI-RADS! classification of the
lesion. During pregnancy and lactation, there
is an overlap in imaging: many benign lesions

'BI-RADS (Breast Imaging-Reporting and Data System)
is a standardized breast imaging terminology, and a clas-
sification system for mammography, ultrasound, and MRI
of the breast.

BI-RADS 1: normal finding.
BI-RADS 2: benign finding.
BI-RADS 3: probably benign (likelihood of cancer <2%).

BI-RADS 4: indeterminate or suspicious of malignancy
(>2 t0 <95%).

BI-RADS 5: highly suggestive of malignancy (>95%).
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can grow, infarct, become heterogeneous and
thus suspicious, and on the other hand, PABC
does not always present with typical malig-
nant features. That is why biopsy must be per-
formed if after the clinical and radiological
evaluation the doubt persists, i.e. for all
BI-RADS 4 and 5 lesions, and for some
BI-RADS 3 lesions.

Keywords

Adenoma - Breast - Galactocele - Lactation -
Fibroadenoma - Mammography - MRI -
PABC - Pregnancy - Ultrasound

3.1 Ultrasound

US is the first-line imaging technique for young
women, pregnant or lactating, because of its
safety, availability, and the essential information
it gives [1-4]:

* When there is doubt about a lump, US can
confirm the clinician’s feeling that there is
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actually no lump but just normal fibroglandu-
lar tissue.

e US accurately diagnoses simple cystic lesions
(cyst, galactocele).

e US investigates all other (solid and atypical
cystic) lesions with precise description and
BI-RADS classification.

e During pregnancy, duct ectasia is frequent,
and breasts are more hypoechoic in US
(because of lobular hyperplasia and duct
dilation).

e During lactation, there is diffuse hyperecho-
genicity, prominent ductal system, and
increased vascularity in US.

* Benign lesions, particularly fibroadenomas
and hamartomas may increase in size during
pregnancy, become heterogeneous in US, and
undergo infarction. They may therefore look
suspicious [1-6].

3.2 Mammography

It is important not to perform mammography in
young patients when unnecessary, for example
for breast pain, if clinical examination and US are
diagnostic and reassuring. However, it should be
performed whenever there is a persistent doubt
after clinical and US examination, as it is often
helpful and is not dangerous, whereas the delay
in diagnosis of PABC is very deleterious for both
the mother and the infant.

If biopsy of a lesion shows breast cancer, and
mammography has not been performed, it should
be done for assessment of overall extension and
therapeutic decision, whatever the age of the
patient, during pregnancy and lactation. In this
case, mammography must be bilateral and
include craniocaudal (CC) and mediolateral
oblique (MLO) views of the affected breast and
at least MLO view of the contralateral breast
[1-8].

3.2.1 Concerns in Pregnancy

For a 4-view mammogram, the mother receives
a dose of radiation to the breast of 3 mGy, and

the uterus less than 0.03 pGy [7]. The fetus is
thus exposed to a negligible amount of radia-
tion of about 0.001-0.01 mGy, depending on
fetal weight and gestational age [1, 2, 4], as
compared with natural weekly radiation of
0.02 mGy received by the fetus [5]. There is a
consensus that when fetal dose is less than
50 mGy, the risk is negligible. During preg-
nancy, mammography can eventually be per-
formed with a lead screen or apron (mostly for
patient reassurance).

3.2.2 Concerns in Lactation

It is recommended to perform mammography
immediately after breastfeeding, as breast den-
sity will be lower.

Highlights

e During pregnancy and lactation, there is dif-
fuse and often marked increase in breast den-
sity and decrease in adipose tissue.

* Benign microcalcifications can be found, sec-
ondary to gestational or secretory hyperplasia.
They are generally round, regularly shaped,
diffuse or focal.

e If a lesion shows fatty density (galactocele,
lactating adenoma, hamartoma), benignity can
be affirmed and biopsy avoided.

e In PABC, mammography is suggestive in
75%—80% of cases, showing suspicious
microcalcifications or architectural distortion,
often undetected with US [6, 8].

3.3 Breast Magnetic Resonance
Imaging
3.3.1 Concernsin Pregnancy

On the basis of current knowledge, the injection
of Gadolinium must be avoided during preg-
nancy, as it enters the fetal circulation and,
although no cases of adverse fetal effects have
been reported, animal studies have shown adverse
effects [9]. Other concerns with MRI are heating,



3 Breast Imaging in Pregnancy and Lactation

19

which may affect cell migration during the first
trimester, and acoustic noise, which may damage
fetal hearing (by 24 weeks, once the fetal ear
develops).

MRI (without injection) is not forbidden dur-
ing pregnancy if necessary. However, as breast
MRI needs Gadolinium injection to be contribu-
tive, it is not performed. In cases of PABC, the
adequate assessment is done with bilateral mam-
mography and US, which are complementary.
Nevertheless, some researchers [10] have recently
studied special sequences that do not require
Gadolinium injection and may thus be interesting
for PABC during pregnancy.

3.3.2 Concerns in Lactation

An MRI can be performed during lactation. Its
main indication is diagnosed PABC, as its exten-
sion can be underestimated in these young patients.

A small percentage of Gadolinium is excreted
in breast milk and absorbed by the infant, with no
reported cases of direct toxicity [11]. Cessation
of breastfeeding seems nevertheless preferable,
with a recommendation to the mother to express
and discard the milk of both breasts for 12-24 h.
Contrast agent is undetectable in the mothers’
circulation after 24 h [9].

Fig.3.1 A 27 years-old,
6 month pregnant
woman with palpable
mass. US shows oval
mass with
microlobulated borders.
Biopsy: lactating
adenoma

Highlights

e Increased background parenchymal enhance-
ment during lactation, which may be asym-
metric, and diffuse high signal intensity on
T2-weighted images can decrease efficacy.

e In Myers’ study [12], MRI’s sensitivity in
PABC was found to be excellent (98%), the
most common findings being solitary mass
(55%), multiple masses (15%), and non-mass
enhancement (23%).

e Slightly less than one-fourth (23%) of patients
had larger tumor extension showed by MRI
(and histologically proved), and it changed
surgical management in 28% of cases.

3.4 Radiological Appearances
of Breast Diseases during
Pregnancy and Lactation

3.4.1 Lactating Adenoma

The US shows a solid mass of benign appearance
(BI-RADS3) resembling fibroadenoma (well
delimited, homogeneous hypoechoic, with

main axis parallel to the skin). Sometimes its
appearance can be misleading, and biopsy
may be needed: microlobulated (Fig. 3.1) or
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Fig.3.2 A 31 years-old
lactating woman with
painless palpable mass.
US shows oval, well
circumscribed 45 mm
mass containing
multiple small anechoic
foci. Biopsy: lactating
adenoma

poorly defined borders, zones of anechoic
fluid (Fig. 3.2), or heterogeneous content
(BI-RADS 4).

If mammography is performed, it can be visi-
ble as a well-defined mass. When it contains fat
density (because of the colostrum in the secretory
lobules), benignity can be affirmed.

3.4.2 Galactocele

It is the most common benign breast lesion in lac-
tating women, generally diagnosed after deliv-
ery (see also Chap. 6). The US shows a round or
oval, well-delimited structure, whose appearance
depends on the proportions of fluid, fat, and pro-
tein. It can be anechoic, hypoechoic, contain a
fluid-fat level, or fine echoes. If there is
inflammation, it may appear as an atypical cystic
lesion with a thick wall (Fig. 3.3).

If mammography is performed, galactocele
can be visible as a well-defined mass. As with
lactating adenoma, when it contains fat density
(sometimes a fat-fluid level), benignity can be
affirmed. Clinical examination and US are usu-
ally sufficient. If in doubt, aspitarion affirms the
diagnosis when it brings milky fluid.

3.4.3 Breast Infarction

Necrosis and bleeding can occur during preg-
nancy and lactation in hypertrophic breast tissue
or in a preexisting mass as fibroadenoma, hamar-
toma, or lactating adenoma (see also Chap. 6).
Patients present with an often painful mass,

Fig. 3.3 A 28 years-old lactating woman with palpable
mass. US shows heterogenous mass, with thick echoic
wall and hypoechoic center, whose long axis is not hori-
zontal. Biopsy: galactocele

which appears solid and heterogeneous on US
(BI-RADS 4) (Fig. 3.4). Associated lymphade-
nopathy may further divert the diagnosis. Biopsy
is required.

3.4.4 Fibroadenoma

It is the most frequently observed tumor during
pregnancy and generally has a BI-RADS 3
benign appearance on US (oval, main axis paral-
lel to the skin, hypoechoic homogeneous, well
delimited) (see also Chap. 6).
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Fig.3.4 A 26 years-old
lactating woman

(2 weeks postpartum)
with palpable mass,
local pain and slightly
inflammatory skin. US
shows oval,
microlobulated, slightly
heterogeneous 45 mm
mass. Biopsy: lactating
adenoma with large
areas of ischemic
necrosis

Fig. 3.5 A 26 years-old, 4 months pregnant woman.
The breast mass was known for years but grew recently.
US shows well defined, heterogeneous round mass.
Biopsy: fibroadenoma

However, during pregnancy and lactation, it
can grow, bleed, and undergo ischemic changes.
In those cases, its appearance becomes ambigu-
ous (BI-RADS 4): it may have poorly defined
borders, fluid component, and heterogeneous
structure, thus requiring biopsy to rule out malig-
nancy (Fig. 3.5).

3.4.5 Fibrocystic Disease
As in all women, cysts can be simple or compli-

cated (thick fluid contents, no wall). Puncture can
be useful for diagnostic purposes (if there is

doubt about a complicated cyst) or to drain pres-
surized and/or painful cysts.

3.4.6 Hamartoma

It may have a typical BI-RADS 2 “breast in
breast” appearance on US. However, diagnosis
can be more challenging if there is associated
infarction, and the mass appears atypical,
BI-RADS 4. If mammography is done and there
is a fatty component, benignity can be affirmed,;
if not, biopsy should be performed to rule out
malignancy.

3.4.7 Mastitis and Abscess

These conditions are rare during pregnancy;
they are more frequent during lactation.
Staphylococcus aureus often causes abscesses,
whereas Streptococcus infections often manifest
as diffuse mastitis. Clinical examination is usu-
ally sufficient for diagnosis (see also Chaps. 5
and 7).

US should be performed if abscess formation
is suspected or in the absence of a quick response
to antibiotic treatment. Abscess on US appears as
an irregular hypo or anechoic mass, with a thick
wall, which can contain fluid-debris levels, and
has posterior acoustic enhancement (Fig. 3.6).
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Fig.3.6 A 39 years-old lactating woman (2 months post-
partum) with painful inflammatory mass. US shows
30 mm oval well-circumscribed mass with regular, thick
echogenic wall and posterior acoustic enhancement.
Needle aspiration result: abscess

US is also very useful to guide needle aspiration
and, if necessary, catheter drainage. In case of
mastitis, US can show ill-defined hypoechoic
areas of parenchyma.

If the patient does not respond quickly to anti-
biotic therapy, mammography and biopsy must
be done, as inflammatory breast cancer must be
ruled out in these young patients.

3.4.8 Pregnancy-Associated Breast
Cancer

Delayed diagnosis of PABC is unfortunately fre-
quent (often more than 6 months) (see also Chap.
11). This delay has many causes: lack of aware-
ness- both by the patient and the physician- of the
possibility of breast cancer in these young
patients; fear of mammography, wrongly consid-
ered as dangerous and useless; and probably the
wish to be, in this context, reassuring. It is essen-
tial to avoid delay in diagnosis: “Let’s wait until
delivery” must not be accepted. Patients gener-
ally present with a large palpable mass. All
masses should be evaluated with US, and biopsy
specimens from all suspicious masses should be
collected and examined without postponement.
Mammography is safe and useful in pregnant

Fig. 3.7 A 38 years-old woman, 5 months pregnant,
with palpable mass. US shows a mass with parallel orien-
tation and posterior acoustic enhancement, but borders are
microlobulated and lateral part of the mass is irregular.
Biopsy: Grade 3 invasive ductal carcinoma

women, and both mammography and MRI are
safe and useful in lactating women.

US is often diagnostic, showing a typical
BI-RADS 5 lesion: heterogeneous solid mass
with irregular borders, vertical main axis, and
acoustic shadowing. However, PABC is not
always that typical [1] because of the frequency
of high-grade infiltrating ductal carcinomas that
progress very quickly and do not always induce
stromal reaction. Ayyappan et al. [13] reported a
high frequency of lesions with horizontal main
axis (60%) and posterior enhancement (60%).
This falsely reassuring appearance can be mis-
leading (Fig. 3.7), especially in these young
patients in whom benign lesions are much more
frequent.

That is why it is crucial that radiologists pay
close attention to the analysis of lesion borders.
Whenever microlobulated and/or irregular bor-
ders are seen, lesion must be categorized as
BI-RADS 4 and a biopsy should be conducted. In
high-risk patients, particularly BRCAI mutation
carriers (Fig. 3.8), breast cancers often have a
pseudo-benign appearance.

In rare cases, US can be falsely reassuring [8]
either because the cancer is exclusively or
predominantly intraductal (in those cases,
mammography is diagnostic) or because it is
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benign-looking, particularly in patients with
BRCA I mutation, whose mutational status is not
always known at diagnosis (see also Chap. 17).
Mammography must thus be performed when
clinical or US results are uncertain or suspicious.
In our series of 117 PABC [8], despite high breast
density, mammography showed, in 80% of cases,
signs that immediately orientated the diagnosis:
55% of lesions demonstrated malignant microcal-
cifications and 15% had asymmetric density or
architectural distortion, which may be overlooked
in US. Mammography is also important to deter-
mine the extension of breast cancer, particularly
with the microcalcifications, and helps rule out
contralateral disease [14]. US and mammography

Fig. 3.8 A 39 years-old woman, 7 months postpartum,
with high-risk family history. US shows small oval,
benign-appearing left breast mass (BI-RADS3). Biopsy:
Grade 3 invasive ductal carcinoma. Subsequent genetic
evaluation revealed BRCA1 mutation

are thus necessary and complementary (Fig. 3.9)
in PABC during pregnancy and lactation.

During lactation, when PABC is diagnosed in
these young patients, mammography and US can
be completed by breast MRI for optimal determi-
nation of lesion extension, and often in a neoad-
juvant chemotherapy program. In Myers’ study
[12] of PABC, despite moderate or marked back-
ground parenchymal enhancement, breast MRI
had a very high sensitivity (98%) for PABC, with
the lesion appearing as a solid mass (55%) or as
non-mass enhancement (23%). They found new
contralateral disease in 4% of patients (which is
similar to the rate found in breast cancer not asso-
ciated with pregnancy), and surgical manage-
ment was changed in 28% of their patients.

Common Practices
in Imaging during Pregnancy
and Lactation

3.5

When a patient presents with a complaint, in
most cases a breast lump, a precise clinical and
radiological assessment must be performed. Both
physician and patient may want to postpone it
until delivery or end of lactation, but this has to
be avoided. In most cases, it is benign (80% of
masses during pregnancy and lactation [2]), and
the patient can be easily reassured, which is very
important during those crucial moments of life.

a

Fig. 3.9 A 31 years-old woman, 12 months postpartum,
with palpable retroareolar mass. Ultrasound shows (a)
Heterogenous 30 mm retroareolar mass and (b) Suspicious
focal cortical thickening of axillary node. (c)

b c

Mammography (magnification view) shows irregular
microcalcifications extending on 7.5 cm. Biopsy: Grade 3
invasive ductal carcinoma with high grade extensive DCIS
and axillary node metastasis
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When it is malignant, quickness in assessment is
essential, as delay in management is a frequent
and detrimental prognostic factor. PABC is often
aggressive and needs fast multidisciplinary man-
agement. Efficient treatment is possible and can
be implemented during pregnancy (see also
Chaps. 12-16).

In non-pregnant patients, generally categories
BI-RADS 4 and 5 require biopsy, and a 6-month
follow-up is recommended for BI-RADS 3
lesions. In pregnant and lactating patients,
BI-RADS 3 lesions will be either biopsied or
very closely monitored (every 1-2 months).

If discovered during pregnancy or lactation, a
BI-RADS 3 lesion resembling fibroadenoma can
either be closely monitored (US every
1-2 months) or examined by a biopsy to avoid
the stress of this close monitoring. In decision
making, different factors must be evaluated: per-
sonal risk, anxiety, lesion size, as well as local
customs. A 10-mm BI-RADS 3 lesion will more
often be monitored, and larger lesions (>3 cm)
will more easily be biopsied.

If a fibroadenoma was known before preg-
nancy, no follow-up is needed if the lesion is sta-
ble. It often grows, and a 20% growth, if appearance
remains benign, is not worrisome: patient should
be reassured, and clinical and US follow-up is
enough. Biopsy is necessary to rule out malig-
nancy if the increase in size is very important or if
the lesion’s aspect becomes ambiguous.

In case of multiple fibroadenomas, monitoring
is usually sufficient. If there is doubt, one can
first conduct a biopsy for the most suspicious
nodule, followed up by a biopsy for the others.

It is important to know that during pregnancy
and lactation, there is an overlap in imaging
appearance of lesions. Benign lesions can grow
and become heterogeneous (often because of
infarction) and be classified as BI-RADS 4: only
biopsy can clarify the diagnosis. On the other
hand, PABC does not always present with
typical malignant features, partly because of
the frequency of grade 3 infiltrating ductal

carcinomas, which progress too rapidly to induce
the characteristic stromal reaction generally asso-
ciated with breast cancer. Imaging work-up of
PABC consists of bilateral mammography and
US, when diagnosed during pregnancy. It can be
completed by breast MRI if needed after
delivery.
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in Pregnancy and Lactation
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Abstract

Breast tissue reveals some physiologic
changes during pregnancy and lactation due
to hormonal alterations. Whole range of
breast diseases including inflammatory,
benign and malignant neoplasms can be seen
in pregnancy but due to concurrent physio-
logic changes, may lead to diagnostic chal-
lenges. This chapter reviews sampling
methods and histologic features of common
benign breast lesions in pregnancy and lacta-
tion periods.
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4.1 Overview

Female breasts confront several physiological alter-
ations in pregnancy and lactation, such as vascular
and lobular hyperplasia resulting from hormonal
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effects. These changes interfere with physical
examination and analysis of imaging studies [1].

In the first trimester of pregnancy, terminal
duct lobular units get enlarged and expanded,
whereas fibrofatty stroma is reduced. In addi-
tion, stromal vascularity enhances and mononu-
clear cell infiltration occurs. Dilatation of
superficial cutaneous venous system and notice-
able areolar pigmentation accompanied by small
lobular secretions may be observed by the end of
the first trimester. In second and third trimesters,
lobular growth advances with cellular expan-
sion. Cytoplasmic vacuolization of lobular epi-
thelial cells occurs, and secretions are deposited
in swollen lobular glands [2] (see also Chap. 1).

4.2 Breast Sampling

Pre-surgical assessment of breast lesions
improves decision making and helps clinicians in
designing treatment plans. The pathologist must
be informed that the patient is pregnant or in lac-
tating state before assessing the specimen. Three
most conventional procedures include fine-needle
aspiration biopsy (FNAB), core needle biopsy
(CNB), and vacuum-assisted biopsy (VAB).
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4.2.1 Fine-Needle Aspiration Biopsy
FNAB was first developed in 1930, but it was not
accepted throughout the next 25 years, till regu-
larly applied for diagnostic purposes in palpable
breast lesions in the 1950s. This procedure
extracts cells from the lesion, and the assessment
will therefore consist of cytologic evaluation of
the specimen.

Pregnancy and lactation can cause false-
negative and false-positive results in cytologic
examination, and breast FNAB is not widely
approved in these periods. Atypical nuclear fea-
tures such as hyperchromasia and nuclear
enlargement, as well as increased mitosis and
lobular hyperplasia in glandular epithelium with
secretory changes lead to challenging interpreta-
tion. If atypical findings are present, they should
not be attributed to pregnancy or lactation with-
out additional evidence, and therefore biopsy
would be necessary in this setting.

FNAB has several benefits, including speed of
performance, minimally invasiveness, safety, and
low cost. Furthermore, FNAB needs no anesthe-
sia because it is accompanied by minimal tender-
ness and pain. In addition, in patients who
consume anticoagulants, there is no need for dis-
continuation of therapy before FNAB. Results of
FNAB can be available in few hours, which is a
substantial advantage of this procedure. FNAB is
practical and helpful for probable abscesses in an
inflamed breast or painful cysts containing thick
fluid.[1, 3] Moreover, effectiveness of FNAB has
been proved for cystic lesions, and for evaluating
axillary lymph nodes where increased cortical
thickness is detected on ultrasound (US).

Despite these benefits, FNAB has also some
restrictions. Disadvantages of FNA include
inability to differentiate between in situ and inva-
sive lesions, poor sensitivity, and high costs for
determining proliferation index as well as ER,
PR, and HER2 status. FNAB also harbors lower
sensitivity and specificity than procedures that
involve tissue sampling and involves a higher
percentage of extracting non-diagnostic speci-
mens, especially in non-palpable lesions.

Nowadays, FNAB is suggested as a diagnostic
tool for cystic lesions and suspected lymph node

metastasis. In addition, it may be useful for eval-
uating lesions in the vicinity of the chest wall and
superficial palpable masses to rule out regional
recurrence. FNAB is not practical for solid
lesions, including papillary, atypical, lobular, and
fibrous lesions, such as radial scar or sclerosing
adenosis.

4.2.2 Core Needle Biopsy

CNB can extract adequate tissue from the lesion,
and is of a greater diagnostic value than FNAB
(78% versus 55%) in pre-surgical assessment.
Tissue biopsy is the best technique for evaluating
breast masses under US or mammographic
guidance.

CNB was first carried out in the 1990s, pri-
marily for recognition of silent breast lesions;
however, it soon replaced FNAB, not only for its
validity in diagnosing benign lesions but also
because of its ability in discriminating between
in situ and invasive carcinoma. CNB is an inva-
sive process that can be performed under US or
mammography with local anesthesia. In some
cases, the lesion is small and CNB can fragment
or completely remove it; therefore, a marker
should be placed in the bed of the lesion to make
further localized treatment possible.

Present recommendations suggest at least 3
sample collections from focal lesions and 5 sam-
ples for lesions containing microcalcification. In
one extensive review of 20 publications, sensitiv-
ity and specificity of FNAB were detected as
35-95% and 48—100%, respectively; whereas
sensitivity and specificity of CNB were 85—100%
and 86—100%, respectively [4]. This study
showed more reproducibility for CNB
specimens.

4.2.3 Vacuum-Assisted Biopsy

The use of VAB for removal of suspicious clus-
ters of microcalcification under the guidance of
mammography started in the 1990s, and it was
also used for biopsy under US supervision there-
after. Many studies have shown lower false-
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negative results for VAB than CNB (slightly less
than 10% for CNB), with higher sensitivity and
specificity for diagnosing atypical ductal hyper-
plasia—like lesion or ductal carcinoma in situ,
because of the higher amounts of tissue removal
that is achieved in VAB. On average, a 11- or
12-gauge needle in VAB takes 40 mg of tissue,
whereas CNB carries only 17 mg. However, VAB
is 10—15 times more expensive than CNB.

4.2.4 Practical Use of Core Needle
Biopsy versus Vacuum-
Assisted Biopsy

BI-RADS 4 or 5 lesions should be evaluated by
CNB, a technique with a very high negative pre-
dictive value (up to 99.4%). Indications of VAB
for diagnostic purposes consist of determining
nature of small lesions (<5 mm) and groups of
microcalcification, as well as judgment of non-
diagnostic results of other biopsy methods.
However, VAB can also be used for some thera-
peutic intentions, including removal of lesions
with a low risk of malignancy (BI-RADS 3 and
4a) such as fibroadenomas and intraductal papil-
lomas, which have even been reported to be com-
pletely removed by an 8G needle in lesions less
than 3 cm in size. This procedure might also be
performed for lesions with distressing symptoms
of pain, anxiety, or discomfort, or when the
patient desires so, in some instances. VAB should
not be used with therapeutic intent in malignant
lesions because of fragmentation of the specimen
in time of resection, which precludes assessment
of margins [4].

4.3  Histologic Characteristics
of Benign Breast Lesions

in Pregnancy and Lactation

Breast lumps in pregnancy and lactation are
mostly benign (80%) [5]. Throughout pregnancy
and the lactating period, the breast can be affected
by some distinct conditions such as lactating ade-
noma, galactocele, mastitis and lactational breast
abscess that are specific to this period (see also
Chaps. 6 and 7). In addition, other disorders that

involve non-pregnant women such as fibrocystic
changes or fibroadenoma may be seen during lac-
tation and pregnancy.

4.3.1 Lactating Adenoma

Lactating adenoma is a benign lesion, consisting
of the most common breast lump within preg-
nancy and puerperium. Clinically, the lesion is
mobile, usually painless and slow growing, mea-
suring less than 5 cm in size. It occurs mostly
in the third trimester of pregnancy or the lactation
period, and often in women in their 30s (see also
Chap. 6). The etiology of lactating adenoma is
ambiguous; some believe that it is a variant of
fibroadenoma, tubular adenoma, or lobular
hyperplasia, whereas others suggest that it is a
neoplastic process that arises de novo.

Definitive diagnosis of lactating adenomas is
by histologic examination of the specimen, which
can be provided by CNB. Microscopic examina-
tion exhibits a well-delineated lesion composed
of secretory lobules lined by epithelial cells con-
taining granular, foamy, and vacuolated cyto-
plasm traversed by delicate connective tissue
septa between lobules (Fig. 4.1). In some cases,
CNB may not be demonstrative, and
histopathological evaluation of the excisional
biopsy specimen is required to rule out malig-
nancy [6-10].

Lactating adenomas commonly subside after
pregnancy and lactation. Similar to fibroade-
noma, infarction may occur in these lesions.

4.3.2 Galactocele

Galactoceles are the commonest benign lesions
of lactating breasts and usually appear after the
cessation of breastfeeding, or while milk is not
completely evacuated from the lactating breast
(see also Chap. 6). Galactocele is a cystic struc-
ture filled with milk-like fluid, sometimes multi-
loculated. It might contain inflammatory cells
including many foamy macrophages and also fat
droplets and necrotic debris. Cuboidal or flat
epithelial cells line the internal surface of the
cyst.
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Fig. 4.1 Lactational
changes in a lactating
adenoma

Fig. 4.2 Galactocele. (a) Gross picture of an opened
multicystic galactocele, (b, ¢) Microscopic features show
the cuboidal or flat epithelial cell-lined internal surface of

Removing the milk (within lactation) or thick
fluid (in old lesions) by aspiration is both diag-
nostic and therapeutic. Cytology smears show
dispersed macrophages between benign acinar
cell clusters and fat droplets as vacuoles in back-
ground. In fact, the cyst is composed of expanded
epithelial and myoepithelial cell-lined terminal
ducts or ductules containing milk. Enzymes
denature milk ingredients during time and cause
integration of fat globules [4, 9, 11]. The sus-
pected etiology of galactocele is blockage of
mammary duct in the lactating breast, mostly by
inflammation and very rarely by a tumor [3]
(Fig. 4.2).

the cysts containing numerous foamy macrophages, fat
droplets, necrotic debris and dispersed mononuclear
inflammatory cells (top right and lower part of picture)

4.3.3 Infarction

Breast infarction in pregnancy or lactation may
occur as a result of hypertrophic physiologic
changes within prior lesions such as fibroadeno-
mas, lactating adenomas, or hamartomas. It is
detected as a palpable painful ill-defined mass
with variable consistency from soft to hard; and
is sometimes misinterpreted as carcinoma (see
also Chap. 6). In this situation, biopsy but not
aspiration cytology is recommended [12, 13].
Microscopic examination shows a ghostly frame-
work of underlying structures in hematoxylin and
eosin—prepared slides. Structure of the tissue can
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be seen better by Reticulin stain or CK AE1/3 if
it is not completely destroyed. Thrombosed ves-
sels may be detected in some instances [14, 15].

4.3.4 Fibroadenoma

Overall, histologic features of fibroadenomas
during pregnancy or lactation are not different
from other periods. Fibroadenomas are one of the
most prevalent benign breast lesions in women
younger than 35 years. In pregnancy, fibroade-
noma is seen commonly, sometimes produced de
novo; but more frequently developing from
enlarging previous lesions. Increase in size
occurs secondary to stimulation of hormone
receptors in the lump in response to the hormonal
changes of pregnancy and breastfeeding.
Infarction may occur, mostly in large ones [13]
(see also Chap. 6). Grossly in the non-pregnant,
non-lactating woman, fibroadenoma has a bosse-
lated surface with firm white, gray, or tan bulging
and rather homogeneous cut sections containing
very fine clefts; observable by sharp eyes or
under a magnifying glass.

Fibroadenomas greater than 5 cm (about 4%
of the total) are named giant fibroadenoma; none-
theless, this terminology is not universally
accepted. Giant fibroadenomas usually appear in
pregnant or lactating women [16]. Histologic
study reveals both glandular and stromal prolif-
eration with two growth patterns including intra-
canalicular (when the stroma is plentiful and
compresses glands) and pericanalicular (when
the glands have original shape); but none of them
has prognostic or clinical significance, and some
fibroadenomas have both architectures simulta-
neously [17].

4.3.5 Fibrocystic Changes

Fibrocystic breast changes are very common and
develop in 90% of women within their lives (see
also Chap. 6). Despite the effect of estrogen, pro-
gesterone, and prolactin in creating fibrocystic

disease, there are no dissimilarities between
cystic changes in pregnant and non-pregnant
women. Cysts originate from terminal duct lobu-
lar units with variable size, lined by flattened epi-
thelial cells that are absent in some foci. Cyst
content may consist of clear, cloudy yellow or
bluish fluid. Under some circumstances, cysts
rupture, and an inflammatory response composed
of many foamy macrophages and cholesterol
clefts occurs [13, 18, 19].

4.3.6 Nipple Discharge

Nipple discharge is classified as physiologic and
pathologic (see also Chaps. 2, 5, and 6). The for-
mer can be observed in pregnancy and lactation
when it is commonly bilateral, milky, green, yel-
low or white, from multiple lactiferous duct ori-
fices and may continue up to 1 year after
childbirth or ending lactation. Bloody nipple dis-
charge in pregnancy or lactation is uncommon
and probably is due to vascular engorgement and
trauma, but other causes such as intraductal pap-
illoma, duct ectasia, and malignant lesions should
be ruled out especially if persisting after weaning
or aggravated within lactation. Pathologic nipple
discharge is usually unilateral, spontaneous,
bloody or serous, and comes from one duct ori-
fice. Any of these characteristics may be suffi-
cient to assume a pathologic nature for the
discharge, especially when an underlying mass
lesion is detected. Evaluation of pathologic nip-
ple discharge involves taking exact history, phys-
ical examination, and imaging studies including
mammography and US. In non-pregnant women
of all ages, the most common etiology of patho-
logic nipple discharge is intraductal papilloma
(in 35—-48% of the cases) and duct ectasia
(17-36%), but underlying malignancy (espe-
cially in situ carcinoma) constitutes about 5—21%
of circumstances. Cytologic examination for
detecting malignancy is not suggested owing to
the low sensitivity detected in several studies, but
a high negative predictive value was observed in
several works [20-23].
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Clinical Presentations of Breast
Disorders in Pregnancy

and Lactation

Dhananjay Kulkarni

Abstract

The breast tissue undergoes significant physi-
ological change during pregnancy and lacta-
tion. These changes can give rise to some
unique disorders during pregnancy, puerpe-
rium and lactation or exaggerate pre-existing
conditions. Clinical examination becomes less
reliable due to textural change and density of
breast tissue as a result of hormonal changes.
The main symptoms during pregnancy and
lactation are breast pain, mastitis, lactational
abscess, breast lump, and blood- stained nip-
ple discharge.

Lactational mastitis/ abscess must be
treated without delay. Open incision and
drainage of lactational abscess is rarely
required, any lactational abscess should be
treated with appropriate antibiotics and ultra-
sound guided aspiration of the pus.

Any breast lump during pregnancy and lac-
tation should be investigated with triple
assessment. Pregnancy associated breast can-
cer (PABC) must be ruled out. The choice of
investigations and treatment needs careful
consideration. While ultrasound is the investi-
gation of choice, mammography can be per-
formed with abdominal shielding if
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malignancy is suspected. Core biopsy is nec-
essary for evaluation of any breast pathology
but it comes with risk of infection, bleeding,
hematoma and even milk fistula.

The treating clinical specialist must be
aware of certain unusual unique clinical con-
ditions in pregnancy and lactation including
accessory axillary breast tissue, gigantomastia
and Raynaud’s phenomenon.

Keywords

Breast diseases - Breastfeeding - Clinical
presentation - Pregnancy - Signs - Symptoms

5.1 Overview

The breast tissue undergoes significant changes
during pregnancy and lactation. The ratio of glan-
dular breast tissue to adipose and supporting con-
nective tissue in the breast alters significantly
with much more glandular proliferation. The
breasts grow significantly in size and its vascular-
ity almost doubles during this period. The vascu-
larity of breast tissue can increase by 180%. Also,
dilated veins can be seen under the skin of the
breast [1-6]. The nipple and areola become
more pigmented and enlarged as a result of
estrogen effects. Towards the end of the third
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trimester, the skin becomes thin and the support-
ing stromal and adipose tissue in the breast is
involuted, replaced by dense glandular tissue.
This makes the breast very firm. Bilateral, multi-
duct, serous nipple discharge is common at this
stage of pregnancy (see also Chap. 1).

These changes pose difficulties in clinical as
well as radiological assessment of symptoms
during this period. Although most of the lesions
in the breast during pregnancy and lactation are
benign, careful triple assessment (clinical, radio-
logical and pathological) is essential to rule out
pregnancy-associated breast cancer (PABC) [7,
8].

Some of these lesions are situated deep under
the dense breast tissue virtually making them
impossible to be deteced just by clinical exami-
nation. Hence it is important to thoroughly assess
any symptom with triple assessment wherever
appropriate.

As far as pathological assessment is con-
cerned, core biopsy of the lesions is more reli-
able. The breast cells undergo considerable
morphological changes during pregnancy and
lactation making cytology difficult to interpret
and false positive rates could be high.

5.2  BreastPain

Physiologic breast pain is common during preg-
nancy and lactation because of ongoing changes
and increased vascularity. The usual symptom is
a bilateral, mild, dull ache that is generalized and
diffuse in nature.

It is not common to see mastitis or breast
infection during pregnancy, but lactational or
puerperal mastitis and breast abscesses are very
common. The causative organisms are usually
gram-positive with Staphylococcus aureus and
Streptococcus being the most common. It is
thought that the bacteria from nose and throat of
the baby find their way through the cracks on the
nipple while breastfeeding. The stagnant milk
provides an ideal conducive environment for
growth and proliferation of bacteria causing
infection, thereby leading to abscess formation.
Lactational mastitis and abscess can cause sepsis

and systemic symptoms such as generalized mal-
aise, nausea, fever, tachycardia, or painful lump
with redness of overlying skin and fluctuant
swelling. Treatment should never be delayed. If
necessary, intravenous antibiotics should be
administered immediately. Only 5-10% of
patients with lactational mastitis will form an
abscess. Rarely, infection from methicillin-
resistant S aureus can prove fatal. Hence, a sam-
ple of pus aspirate must always be sent for culture
sensitivity examination [9, 10].

An ultrasound (US) exam will confirm if there
is any underlying abscess. Features such as tissue
edema, enlarged reactive axillary nodes, and pus
collection confirm infective etiology. However,
breast cancer can mimic mastitis and must be
ruled out in these scenarios by triple assessment.

If US confirms pus collection/abscess, then
this pus can be aspirated under US guidance
using local anesthesia. The aspirate should be
tested for culture and sensitivity. This procedure
should be repeated until symptoms resolve;
patient’s progress must be carefully monitored.

Because the patient is still breastfeeding, the
choice of antibiotics should be carefully consid-
ered. Patients can continue to breastfeed during
the treatment of lactational mastitis and even
breast abscess. Stagnant milk in the breast pro-
vides ideal conditions for bacteria to grow.
Patients should be encouraged to breastfeed or
use milk pump while the treatment is going on.
Any potential delay in treatment can lead to sep-
sis and local complications such as skin
necrosis.

If the pus is thick and cannot be aspirated, or
if the abscess is very superficial, then mini-
incision and drainage can be considered. The
abscess cavity should not be packed after incision
and drainage. This can lead to persistent cavity
and milk fistula (see also Chap. 13). In addition,
putting in drains should be avoided, however
large the cavity might be. The mini-incision
should be made at a non-dependent area of the
abscess cavity, and it should be as small as pos-
sible [11].

Wherever possible, a small tissue sample
should be collected for histology to rule out any
possibility of underlying malignancy. The abscess
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cavity can be irrigated with local anesthetics.
Re-aspiration may be required after every 2-3
days until there is no more pus.

Malignancy must be ruled out if the patient’s
condition does not improve. A tissue biopsy is
necessary. Furthermore, US of the axillary nodes
can provide insight, and it is a useful tool to dif-
ferentiate between mastitis and inflammatory
breast cancer (see also Chap.7).

Granulomatous lobular mastitis is an uncom-
mon variant of breast inflammation that mimics
breast cancer. It is associated with pregnancy and
lactation and occasionally develops within few
years of pregnancy. Although its etiology remains
unknown, Corynebacterium has been associated
with this condition. Even the imaging can some-
times fail to differentiate between lobular masti-
tis and cancer [12-16]. Patients usually present
with a firm growing mass in the breast with occa-
sional redness of overlying skin. In the later
stages, multiple superficial abscesses are com-
mon. The final diagnosis is based on histology,
and it classically shows non-caseating granulo-
mas with chronic inflammatory changes.
Antibiotics and steroids are prescribed, along
with incision and drainage/aspiration of associ-
ated abscesses. Surgical excision of the mass is
not required routinely (see also Chap. 7).

Breasts are expected to grow in size during
pregnancy and lactation. However, if the growth
is rapid, disproportionate, enormous, and causes
physical and psychological symptoms, it is
termed gigantomastia. It is probably an autoim-
mune condition, but hormonal changes during
pregnancy are also thought to play a significant
role. Cases have been reported in the literature in
patients with systemic lupus erythematosus, and
lupus supports autoimmune etiology [17-23].
Some definitions of gigantomastia are based on
the amount of tissue that might need excision
during reduction surgery. These vary from 800 to
1800 g or more of tissue. Usually the onset of
symptoms occurs during puberty, pregnancy or
lactation; it can affect both breasts or rarely one
breast. The breasts can rapidly enlarge, becoming
enormous within a short time span. Although
benign, it can lead to skin ulceration, sepsis,
infarction, and bleeding. Diagnosis of giganto-

mastia is largely clinical, although random core
biopsies can be performed. It requires surgical
intervention such as breast reduction surgery or
even mastectomy which can be done after deliv-
ery, or better after end of lactation if the patient
can wait (see also Chap. 6).

5.3 Nipple Discharge

Blood-stained nipple discharge is not common
during pregnancy, although slightly hemoglobin-
positive (on a dipstick), multiple-duct, bilateral,
nonspontaneous discharge is common. But uni-
lateral, spontaneous, blood-stained single duct
discharge is suspicious. Any local nipple pathol-
ogy such as rash, ulcer, or crack should be ruled
out as the cause on examination [24] (see also
Chap. 2). Intraductal papilloma can occur during
pregnancy and lactation. The presenting feature
is usually blood-stained nipple discharge. In
absence of any atypia on histopathology and
benign features on imaging, intraductal papillo-
mas can be managed conservatively during preg-
nancy and lactation. However, their progress
should be monitored, and surgery should be con-
sidered after completion of breastfeeding (see
also Chap. 8).

Bilateral, multiple-duct (serous yellow, white,
or green) discharge, on the other hand, is mostly
physiologic and related to the pregnancy-induced
changes in the breast tissue. Sometimes the dis-
charge is related to some medications (hormonal,
H,-receptor antagonists, antihypertensives, or
antidepressants) the patient consumes.

US, Doppler, mammography, magnetic reso-
nance imaging (MRI) without contrast, magnetic
resonance ductography, nipple discharge cytol-
ogy, and even ductoscopy have been described as
investigation modalities. Real-time color Doppler
gray-scale US is the diagnostic procedure of
choice in this group of young patients who are
either pregnant or breastfeeding. It probably has
slightly higher sensitivity than mammography
because of the density of breast tissue.
Mammography also should be undertaken care-
fully using abdominal shielding. MRI scan is not
considered very useful because there is a contro-
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versy surrounding gadolinium contrast in preg-
nant and lactating patients. The rapid uptake of
gadolinium by lactating tissue also reduces sensi-
tivity. Finally, it is difficult to perform an MRI in
pregnant patients because of issues with prone
position (see Chap. 3).

Cytology of nipple discharge or galactography
are not very sensitive tests and can give false-
positive results (see also Chap. 4).

Breast duct endoscopy or breast ductoscopy
offers a minimally invasive approach in the inves-
tigation of pathological nipple discharge.
However, its role during pregnancy or lactation is
not yet fully explored [25-28].

If no cause is found, total duct excision proce-
dure is the last option for diagnosis in selected
few patients where malignancy is suspected. This
generally does not need to be performed during
pregnancy and can await delivery, except in
highly suspicious cases which should be
approached very soon.

5.4 Palpable Breast Mass

During pregnancy, the breast tissue undergoes
changes as a result of increased levels of hor-
mones. The changes include growing vascularity,
increased ductal and glandular tissue, and reduc-
tion in supporting stromal tissue (see also Chap.
1). This gives rise to extremely dense breast tis-
sue, which in turn reduces sensitivity of clinical
examination (see also Chap. 2). This is also the
reason for late presentation and manifestation of
breast cancer. It also poses challenges for imag-
ing and reduces the sensitivity of conventional
imaging techniques (see also Chap. 3).

Many preexisting breast lumps enlarge during
pregnancy because of the effects of hormonal
changes and become more apparent. The common
lumps found during pregnancy and lactation are
fibroadenomas, cysts, galactoceles, and lactating
adenomas (see also Chap. 6). It is not necessary
to excise biopsy-proven benign lumps during
pregnancy, and although a US may show benign
features such as anechoic lesions with posterior
enhancement (in case it is a cyst or a galactocele)
or well-circumscribed isoechoic lobulated lesions

in favor of fibroadenoma, core biopsy is recom-
mended for new solid lesions [29, 30].

Galactocele (see also Chaps. 3 and 6) is a
retention cyst with pent-up milk as a result of
blocked milk duct. It can appear at any time dur-
ing the third trimester of pregnancy and lactation,
as well as during weaning of breastfeeding. It
could be associated with inflammation and fat
necrosis; patients usually present with a tender
lump, usually at a central location. US shows a
unilocular or multiloculated fluid-filled, thin-
walled structure. Aspiration provides relief and
galactoceles usually do not re-fill after aspiration
[31].

Fibroadenomas (see also Chaps. 3 and 6) are
hormone sensitive, and hence, they can grow dur-
ing pregnancy. US features include a well-
circumscribed lobulated lump with isoechoic
texture and posterior acoustic shadowing. Owing
to a sudden increase in size, these lumps can have
cystic spaces, increased vascularity, and even
central infarction. Final diagnosis is made after
conducting a core biopsy. Fibroadenomas are
known to enlarge during pregnancy because of
the effect of hormonal changes (estrogen) and
regress in size after pregnancy. If a patient has a
biopsy-proven fibroadenoma from before preg-
nancy, follow-up scans should be undertaken if it
grows in size, and progress should be monitored.

Lactating adenomas (see also Chap. 6) typi-
cally develop during the third trimester (either as
a single lump or occasionally multiple lumps)
and decrease in size or even disappear after deliv-
ery. On US, lactating adenomas mimic fibroade-
nomas. Core biopsy is essential [30].

Occasionally, the fibroadenoma or lactating
adenoma can undergo infarction, leading to sud-
den increase in size and associated pain. Core
biopsy usually will help diagnose infarction.

Phyllodes tumors (see also Chap. 19) are rare
during pregnancy, and malignant phyllodes with
metastasis during pregnancy or lactation are
extremely rare. Their growth is supposedly not
affected by pregnancy or lactation because there
are no hormone receptors. However, it is very dif-
ficult to differentiate fibroadenomas from phyl-
lodes on imaging, and hence, biopsy must be
performed. Furthermore, if the biopsy suggests a
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phyllodes tumor, its benign or malignant nature
cannot be confirmed on mere core biopsy. So, in
such situations, the tumors must be surgically
excised with adequate surrounding margins to
avoid recurrence.

Fat necrosis can occur as a result of trauma or
enlargement of breasts during pregnancy. Patients
usually present with a painful tender lump, some-
times with associated redness of overlying skin.
Oil cysts can form as a result of fat necrosis.
US-guided core biopsy is the diagnostic proce-
dure of choice. FNA cytology is difficult to inter-
pret because of physiologic changes in the breast
tissue.

Core biopsy can lead to complications such as
bleeding from the nipple, hematoma, and milk
fistula. Lactating mothers should be warned of
these complications. The local anesthesia admin-
istered takes about four hours to wear off; some
of it can get into the milk, and hence, patients
should be advised not to breastfeed from the
affected side for about 4 hours. Patients should
then preferably use a milk pump and discard the
milk before resuming breastfeeding from that
side. Milk fistula, although uncommon, is very
difficult to treat. It may continue until the patient
stops breastfeeding (see also Chap. 13).

It is helpful to keep a record of the preexisting
lumps in the breast such as fibroadenomas, in the
form of US images and biopsies. It helps with
comparison and monitoring during pregnancy
and lactation (see also Chap. 2).

5.5 Pregnancy-Associated

Breast Cancer

Most of the breast disorders during pregnancy are
benign in nature, but they have similar presenta-
tion as pregnancy-associated breast cancer
(PABC). Hence, clinical examination followed
by appropriate imaging is of paramount impor-
tance during pregnancy and lactation.

Any cancer diagnosed during pregnancy or
within one year of pregnancy or while breast-
feeding is termed PABC [32-37]. The average
age of patients with PABC is 32-38 years, and it

is associated with about 1 in 3000 to 10,000 preg-
nancies (see also Chap. 9).

Unlike patients undergoing breast cancer
screening, PABC is diagnosed after manifesta-
tion of physical signs such as breast lump, lymph-
adenopathy, change of breast shape, skin changes,
etc. (See Chap. 11). The most common presenta-
tion is the appearance of a painless mass. It is
usually associated with higher grade tumors and
advanced stage at presentation. The outcome of
PABC is the same when compared with non-
pregnant women. However, the diagnosis is often
delayed. As a result, the outcome and prognosis
remain poor. Patients with PABC are likely to
have large tumors, vascular invasion, and even
distant metastases at presentation.

The changes in hormonal levels during preg-
nancy also affect the breast tissue. The breast tis-
sue increases in volume and density. This makes
the clinical examination difficult and less reliable
(see also Chap. 2). Nevertheless, a thorough
examination must be conducted alongside imag-
ing. The radiologic features of PABC are same as
other breast cancers on US as well as mammog-
raphy (see Chap. 3).

The carriers of BRCA 1 and 2 mutations are at
a higher risk of developing PABC, and these
patients should undergo imaging, including US
and MRI before and after pregnancy. Their symp-
toms should be assessed during pregnancy with
triple assessment whenever required, and they
should be under strict surveillance throughout
their pregnancy [38] (see also Chap. 17).

5.6  Other Breast Symptoms
during Pregnancy

and Lactation

Symptoms associated with nipple and areola that
are observed during pregnancy, and especially
during lactation include eczematous rash, ulcer-
ation, and bleeding. Careful evaluation by the
breast surgeon and even a dermatologist is pru-
dent. If the symptoms do not subside with routine
treatment such as good hygiene and the use of
antibacterial soap, moisturizer, antibiotics and
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steroid cream, then a punch biopsy of the lesion
is necessary.

Raynaud phenomenon was described by
Maurice Raynaud in 1862. It is one of the reasons
of painful breastfeeding. If not treated appropri-
ately, many women discontinue breastfeeding on
account of excruciating pain. It is characterized by
episodic spasms of the arterial wall muscles in
small arteries of mainly the digits, followed by
vasodilatation. Similar spasms can also affect the
nipple and areola arteries during pregnancy and
especially lactation. It is often mistaken for a
Candida albicans infection. There has to be a pre-
cipitation of symptoms because of exposure to
cold, biphasic or triphasic color change, and asso-
ciation of symptoms with pregnancy and breast-
feeding to confirm the diagnosis of Raynaud
phenomenon. Patients experience extreme pain
while breastfeeding and notice ‘“blanching” of
nipple, which later turns dark bluish-purple before
returning to normal [39-42]. Patients with
Raynaud phenomenon are more likely to develop
hypertension during pregnancy and are susceptible
to preterm labor, miscarriage, and fetal complica-
tions. Symptoms can be managed by avoiding cold
and any vasoconstrictive drugs and nicotine.
However, a calcium channel blocker like nifedip-
ine is also recommended. The amount of nifedip-
ine excreted in breast milk is very small, and hence
it is considered safe to use during breastfeeding.

Accessory breast tissue is the aberrant excess
breast tissue along the embryonal milk line. It
occurs in 0.4-0.6% of population. It is mostly
located in the axilla. It can be unilateral or bilat-
eral and can grow in size during pregnancy (see
also Chap. 2). Patients usually present with axil-
lary lump, pain, and cosmetic issues. Accessory
tissue in axilla can cause discomfort and pain,
even restricted shoulder joint movement, and it
can be cosmetically unacceptable. It can be
treated with excision or liposuction. But it is bet-
ter to delay surgery until after stopping breast-
feeding. Because it is a part of normal breast
tissue in an abnormal location, it can develop
benign breast diseases as well as malignancy
[43-45].

Accessory nipple can become prominent and
uncomfortable during pregnancy and lactation.

Some patients have accessory third nipple along
the milk line, typically close to the inframam-
mary fold. This is even known to produce milk
during lactation. Accessory nipple excision can
be offered if patients are symptomatic, but is bet-
ter be deferred until after delivery.
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Abstract

Benign cystic or solid lumps frequently occur
in the breasts of young women, and conse-
quently can also be seen during pregnancy and
lactation. Simple cysts do not increase the risk
of malignancy. The current management is
routine follow-up. Complex cysts are thick
walled or contain a mass, and should be fol-
lowed by a US-guided biopsy and then treated
similar to any non-gravid, non-lactating
patient.

Galactoceles can be detected during the
last trimester of pregnancy and during or after
stopping lactation. Aspiration can be done to
confirm the content. Co-existence of galacto-
cele and malignancy is extremely rare, and the
key is to follow up until it resolves.

Fibroadenoma is the most frequent
lesion found during pregnancy and lactation.
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Management is usually conservative after
triple assessment. Surgery is usually not rec-
ommended in pregnant and lactating women
unless rapid increase in size occurs or there is
discordance in the triple assessment.

Lactating adenomas are sometimes inter-
preted as a variant of fibroadenoma. They can
naturally disappear at the end of pregnancy or
lactation. Management is usually conserva-
tive, and an excisional biopsy is only man-
dated if it is rapidly enlarging or if there is
discordance in the triple assessment.

Gestational gigantomastia is a rare condi-
tion consisting of diffuse severe hypertrophy
of both breasts during pregnancy. Mastectomy
and reconstruction may rarely be required in
such cases.

Keywords
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6.1 Cystic Masses
6.1.1 Fibrocystic Changes

Fibrocystic change (FCC) of the breast is a com-
mon benign condition that occurs between the
ages of 35 and 50 years. Symptoms include cycli-
cal mastalgia and tender nodularity of the breasts.
It often occurs bilaterally, mainly in the upper
outer quadrants, and may consist of physiological
changes arising in response to hormonal fluctua-
tions that take place during the menstrual cycle
[1] (see also Chap. 4). Swelling, pain, and tender-
ness of FCC occur during ovulation and decrease
after menstruation begins. It may be character-
ized by sensation of pain or itchiness in the
nipples.

Although the pathophysiology is not well
defined, the close association of FCC with the
menstrual cycle and the fact that these changes
diminish after the onset of menopause suggest a
link between cyclical hormonal changes and
breast tissue alterations. This chronic fluctuation
in hormone levels leads to the development of
small cysts and areas of fibrosis.

Clinical findings range from nodularity to dis-
crete diffuse masses dispersed throughout the
breast, but mostly located in the upper outer
quadrants of the breasts. The masses may wax
and wane, or remain static at times. The nodular-
ity of the breast may render detection of breast
cancer difficult. Rarely, cancers such as lobular
carcinoma may present with a non-lump nodular-
ity of the breast and must be ruled out if there is
persistent nodularity.

Diagnosis requires a comprehensive history to
ascertain risk factors, and diagnostic imaging,
with a mammogram recommended for those
aged 35 years and older and an ultrasound (US)
for any age. The findings of FCC on US are non-
specific and include multiple cysts of varying
sizes, dilated ducts, and echogenic foci represent-
ing fibrous tissue that may cause posterior sound
attenuation [2].

Dupont has classified FCC into nonprolifera-
tive lesions, proliferative lesions without atypia,
and proliferative lesions with atypia (atypical

hyperplasia) [3]. The great majority of breast
biopsies (up to 70%) show nonproliferative
lesions [1].

Adenosis is a common proliferative lesion
without atypia that is characterized by glandu-
lar structures and maintain normally arranged
epithelial and myoepithelial components.
Adenosis causes lobular-based lesions with
increased numbers of acini or tubular structures
that may vary from case to case [4]. Sclerosing
adenosis (SA) is a compact proliferation of
acinar or tubular structures with pronounced
intralobular fibrous connective tissue [4].
Occasionally, SA may be associated with atypi-
cal lobular hyperplasia, lobular carcinoma in
situ, and ductal carcinoma in situ. SA increases
risk of cancer slightly, similar to usual ductal
hyperplasia [4].

6.1.1.1 Concerns in Pregnancy
and Lactation

Pregnancy provides a period of sustained pres-
ence of high levels of estrogen and progesterone,
hence providing a proliferative environment in
the breast. During this time, the breast is tender,
swollen, and nodular, which in turn can mask pal-
pable masses (see also Chaps. 1 and 2).

The diagnosis of FCC is one of exclusion;
thus, close clinical follow-up to ensure resolution
or stability of palpable masses is required to
ensure that cancers are not left undetected.
Although Magnetic Resonance Imaging (MRI)
can be done when US is normal and the European
Committee on Radiation Risk has also reported
that gadolinium-based contrast could be safely
used during pregnancy, because it would not only
be less absorbed into placenta but also be rapidly
excreted to kidney [3], scarce safety information
is available to make it a routine investigation in
pregnancy. However, the contrast medium in
MRI, gadolinium, is considered to be relatively
safe for use during lactation as it is excreted in
small amounts in breast milk [5] (see also Chap.
3). Image-guided core biopsy is suggested for
these masses if there are corresponding
US-detected lesions because they may be diffuse,
and freehand biopsy may miss the lesion.
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Fig. 6.2 Complicated cyst with septations and irregular walls

Treatment of FCC is conservative, and exci-
sion should be reserved for cases with very high
suspicion of missing a diagnosis of malignancy.

6.1.2 Simple Cysts

Simple cysts are macrocysts that form because of
involution of the breast and obstruction of the
ducts. These fluid-filled cysts develop from dila-
tation of the terminal ductal lobular unit (TDLU)
[2]. In most cysts, the epithelial lining is either
flattened or totally absent. In only a small number
of cysts, an apocrine epithelial lining is observed.

These cysts occur between the ages of 30 and
55 years. Cystic lumps may appear overnight and
can be painful. These are thin-walled and appear
as a well-circumscribed anechoic mass with pos-
terior acoustic enhancement (Fig. 6.1) with
absent vascularity on US [1]. On a mammogram,

these can be found as a classical radiolucent halo
around a well-circumscribed mass. Cysts are not
associated with an increased risk of carcinoma
development. The current consensus on the man-
agement of simple cysts is routine follow-up of
the patient, without further therapy. Aspiration
can be done for symptomatic tender palpable
cysts.

6.1.3 Complex Cysts

Complicated cysts are cysts with septa showing
low echoes in US (Fig. 6.2), whereas complex
cysts are cysts that are thick walled or have
masses within the walls of the cysts. Changing
the position of the patient during US can help dif-
ferentiate debris from intracystic masses, that is,
debris move with change in position [2].
Incidence for malignancy in complex cysts is less
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Fig. 6.3 Bloody nipple discharge — papillary lesion/ papilloma. (a, b) Periareolar complex cyst- intraductal papilloma
(¢) Complex cyst- intracystic papillary carcinoma

than 2% [6]. However, if the lesion also includes
an intracystic mass, it should be regarded as “sus-
picious for neoplasm” and managed as a solid
lesion; a US-guided core needle biopsy would be
indicated.

Papillary lesions may present as cystic masses.
Intraductal papillary lesions (Fig. 6.3a,b) mostly
present with bloody nipple discharge, can be
benign (intraductal papilloma), and are associ-
ated with high-risk lesions, or malignancy.
Papillomas may obstruct ducts and secrete fluid,
thereby forming cysts. Central papillomas origi-
nate from large ducts usually in the subareolar
region with no TDLU involvement, whereas
peripheral papillomas usually begin in the TDLU
and extend into the ducts [6]. Risk of malignancy
is higher in peripheral papillomatosis (see also
Chap. 8).

Intracystic masses (Fig. 6.3) may also be due
to intraductal proliferative lesions, some of which
are classified as high-risk lesions. These patholo-
gies include the following: atypical ductal hyper-
plasia, atypical lobular hyperplasia, and lobular
carcinoma in situ (LCIS) [5] (see also Chap. 8).
These are frequently managed with complete sur-
gical excision after a US-guided biopsy because
histopathologic assessment of the entire lesion
may show associated malignancy. Rarely, a
favorable-prognosis malignancy can present as a
papillary lesion within a cyst. This is called intra-
cystic papillary carcinoma or encapsulated papil-
lary carcinoma(Fig. 6.3c). It makes up only 2%
of breast carcinomas and occurs in older women,

but it can also be found in younger women,
thus affecting women from 34 to 92 years of
age [6].

6.1.3.1 Concerns in Pregnancy

and Lactation
Cystic lesions in the third trimester of pregnancy
and in lactating women are usually caused by
galactocele. Very rarely simple cysts and com-
plex cysts may coexist in the older gravid patient.
If complex cysts are detected during pregnancy
or in lactating women, it should be followed by a
US-guided biopsy; the patient should be treated
similar to any non-gravid or non-lactating patient.
Larger bore core biopsies using 12 G vacuum-
assisted systems and surgical excision are better
avoided in lactating women to prevent a milk fis-
tula (see also Chap. 13).

6.1.4 Galactoceles

Galactoceles are benign lumps that can be
detected during the last trimester of pregnancy
and during lactation, especially after stopping
breastfeeding. These lumps are painless and usu-
ally cystic in nature. Galactoceles are focal dila-
tions of the ductal system resulting from distal
duct obstruction of the TDLU [5]. They contain
fluid with differing amounts of protein, fat, and
lactose [2]. Initially, the content is liquid, thus
appearing cystic and over time, as milk curdles, it
may result in solid components [5]. On aspira-
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Fig. 6.4 Galactocele (a) Well defined cystic mass, anechoic, with fat-fluid collection within it. (b) Needle in lesion,
during aspiration of contents

tion, milky fluid or sticky material may be
observed.

Any new palpable lump must be investigated
with triple assessment including breast exam,
imaging, and cytologic or histologic assessment
when needed. US is an important part of the diag-
nosis workup and should be conducted to exam-
ine these lesions (see also Chap. 3). The fat-fluid
composition of the content shows high echo-
genicity of lipid and low echogenicity of fluid
that gives a characteristic speckled appearance,
which in turn moves with movement or aspira-
tion (Fig. 6.4).

Any masses within complex cysts will need
US-guided biopsy; however, aspiration can be
done to confirm the milky contents. Co-existence
of galactocele and malignancy is extremely rare.
The key is to follow up until the lesion resolves.

6.2 Solid Masses

6.2.1 Fibroadenomas

Fibroadenoma is the most common lesion in the
breast that presents in adolescents and young
women, but it can be found at any age [4]. It is
asymptomatic in 25% of women [7]. Although
most frequently unilateral, in 20% of cases, mul-
tiple lesions occur in the same breast or bilater-

ally [1]. They can cause cyclical mastalgia.
Clinical examination may find a firm, highly
mobile lump that is not attached to the surround-
ing breast tissue, which is classically known as
the breast mouse.

Fibroadenoma consists of proliferation of the
TDLU with both epithelial and stromal compo-
nents [4]. The stroma proliferates around tubular
glands (pericanalicular growth) or compressed
cleft-like ducts (intracanalicular growth) [1]. The
lesion is a hormone-dependent neoplasm that
undergoes lactational changes during pregnancy
and involutes along with the rest of the breast in
perimenopause. Juvenile fibroadenomas that
occur in adolescents are characterized by a more
predominant stromal proliferation and resemble
epithelial changes in gynecomastia; some refer to
it as giant fibroadenoma when it is larger than
5 cm [1]. Complex fibroadenomas occur in older
patients and have a slightly higher risk of cancer;
they contain cysts, SA, epithelial calcification, or
papillary apocrine changes [4]. Biopsy may
sometimes mimic benign phyllodes tumor;
hence, rapidly enlarging masses are best classi-
fied after excisional biopsy [1] (see also Chap. 4).

In US, fibroadenomas are oval in shape with
smooth regular margins, homogeneous internal
echoes, and posterior enhancement (Fig. 6.5) (see
also Chap. 3). Atypical fibroadenomas can pres-
ent with inhomogeneous internal echotexture and
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Fig. 6.5 Fibroadenoma (a, b) B- mode ultrasound: images showing well defined oval solid hypoechoic lesions with
smooth margins. (¢, d) With color Doppler signal showing absence and presence of internal vascularity

posterior shadowing. Unfortunately, triple-
negative breast cancer, medullary, and mucinous
cancer may appear the same [8—10]. Posterior
shadows occur with associated macrocalcifica-
tions, which classically are referred to as popcorn
macrocalcifications on a mammogram.

6.2.1.1 Concerns in Pregnancy
and Lactation

Fibroadenomas can be classified into growing
fibroadenoma, fibroadenoma with infarction, and
fibroadenoma with lactational change in preg-
nancy or lactation [5]. It is the most frequent
lesion found during this period. During preg-
nancy, hormone-sensitive fibroadenomas are
stimulated by pregnancy hormones leading to
secretory hyperplasia [7, 11]. Spontaneous necro-
sis of fibroadenomas is very rare, but it is some-
times observed during pregnancy or lactation. It
can be presumed when there is a sudden pain dur-
ing the third trimester or during birth; it is caused
by embolism within the vessels [11, 12]. Imaging
findings of fibroadenoma are not very different
during pregnancy; however, findings such as dila-
tion of lactiferous ducts and increase in blood
flow are very similar to those of complex fibroad-
enoma; posterior shadows depend on degree of
necrosis. When interpreting fine-needle aspira-
tion for diagnosing palpable fibroadenoma, one
must consider the physiological changes of
cells during pregnancy [14] (see also Chaps. 1, 3,
and 4).

Management is usually conservative after tri-
ple assessment. Excisional biopsy is usually not
recommended in pregnant and lactating women
to avoid hemorrhage, milk fistula, and infection,
unless rapid increase in size occurs (see also
Chap. 13). However, if there is discordance in the
triple assessment, surgical excision is required.

6.2.2 Lactating Adenomas

Lactating adenoma is sometimes interpreted as a
variant of fibroadenoma, tubular adenoma, or
lobular hyperplasia, which are also caused by
physiological changes [4, 5] (see also Chap. 4).
Compared with fibroadenomas that have mixed
stromal and epithelial components, lactating ade-
nomas only consist of epithelial components [5,
11]. Lactating adenoma can naturally disappear
at the end of pregnancy or lactation. It may also
disappear by necrosis, similar to a fibroadenoma
[5]. Approximately 5% of lactating adenomas are
reported to undergo infarction [15].

The usual presentation is a painless, soft,
mobile breast mass found in the third trimester of
pregnancy or breastfeeding period. They may be
multiple and bilateral, or may develop in ectopic
breast tissue along the milk line from the axilla to
the groin [13, 16].

However, acute infarction can cause signifi-
cant enlargement and moderate to severe pain,
thereby making it difficult to be differentiated
from an infected galactocele, abscess, or a high-
grade malignancy with or without cystic degen-
eration [13, 16].

It may be difficult to distinguish between a
lactating adenoma and a fibroadenoma by imag-
ing. A radiolucent or hyperechoic area, which
indicates fat content of breast milk or lactation
hyperplasia, can be seen on US (Fig. 6.6) [5].
Occasionally, the differential diagnosis of malig-
nant lesions is difficult mainly because of unclear
margins, microlobulation, and posterior acoustic
shadowing and heterogeneity, especially with the
necrosis of lactating adenomas [5] (see also
Chap. 3). Moreover, radiological diagnosis
is often challenging owing to lactational
changes. Fine-needle aspiration cytology during
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Fig. 6.6 Lactating adenoma. (a, b) Well defined oval hypoechoic lesion with smooth regular margins showing internal

vascularity on color Doppler

pregnancy and lactation can be confused with
malignant change [14]. Hence, a core biopsy
would be useful. Management is usually conser-
vative, and an excisional biopsy is only mandated
if it is rapidly enlarging or if there is discordance
in the triple assessment.

Lactating adenoma usually does not relapse
after complete resection. Associated malignant
lesions are very rare, and it has no increased risk
of cancer [4].

6.3  Gestational Gigantomastia
Gestational gigantomastia or gravid macromastia
is a rare condition that is characterized by rapid
and diffuse hypertrophy of both breasts during
pregnancy, and is rarely unilateral [17] (see also
Chap. 5). Approximately about 100 cases have
been reported in the literature [17]. It is usually
reported in the second to fourth decade of life and
in the second and third trimesters, and rarely after
pregnancy. It is usually reported in the African
and Asian populations. It complicates between
1:28,000 and 1:118,000 deliveries [19]. Proposed
etiologies include hormonal and/or autoimmune
mechanisms [20, 21] and placenta-breast axis
mediated by parathyroid hormone-related pro-
tein (PTHrP), calcitriol, and human placental lac-
togen [22, 23], but it is mostly unknown.
Although benign, this condition causes severe
psychological, emotional, and physical distress
because of rapid and dramatic enlargement

causing back pain and skin changes, such as peau
d’orange and necrosis that may ulcerate. The
weight of the breast and stretching of the skin
cause great discomfort, and reports of significant
weight gain up to 30 kg that affect the quality
of life of the patient have been reported (Fig. 6.7)
[19].

The features on imaging are non-specific.
Ultrasound generally reveals edematous skin and
non-specific heterogenous stromal changes with-
out any mass lesion (Fig. 6.8).

A biopsy of the lesion is important to differen-
tiate from other differential diagnoses that
include phyllodes tumour, non-Hodgkin’s lym-
phoma and lymphoblastic lymphoma [24].
Biopsy will show changes that are consistent
with pregnancy, including extensive lobular
hyperplasia, dilated ducts, and pseudoangioma-
tous hyperplasia. Some areas may also show
interstitial edema and lymphoplasmocytes in the
stroma and foci of increased fat and connective
tissue [24].

Increased prolactin levels beyond pregnancy
ranges [20] and associated raised PTHrP and
hypercalcemia have been reported [22, 23] but
are not diagnostic.

This condition is treated best with dopamine
agonists [17-28]. Although bromocriptine has
been more widely reported as treatment for ges-
tational gigantomastia, cabergoline has also been
mentioned in pregnancy albeit in smaller num-
bers. The literature shows that the risk of malfor-
mations with either medicine is not greater than
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Fig. 6.7 Gestational
gigantomastia in a 27
years old Iranian
woman, 20 weeks of
gestational age.
(Courtesy of Dr. Sadaf
Alipour)

a

what was found in the general population [29].
The drugs would be continued to term and deliv-
ery of the baby. Termination of pregnancy is
rarely required unless there are other medical
indications or the gestation 1is near-term.
Psychosocial aspects of this condition have been
reported, for example, depression that will
require holistic care.

Although spontaneous resolution of the breast
enlargement occurs in most cases, secondary

b

Fig. 6.8 (a, b) Gestational gigantomastia: ultrasound shows non-specific stromal changes

infection on the skin ulcers complicate matters
[17-28], and mastectomy and reconstruction
may be required in such cases. Hence, early diag-
nosis, before severe skin complications set in,
becomes important.

The rapid growth may complicate anesthesia
on account of reduced chest compliance and lung
volumes. Hence, administration of regional anes-
thesia has been recommended for Cesarean deliv-
eries [19] (see also Chap. 14). A multidisciplinary
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approach involving an endocrinologist, obstetri-
cian, and breast surgeon would be required to
manage the patient.
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Abstract

Breastfeeding is immunoprotective and World
Health Organization recommends exclusive
breastfeeding for about six months with con-
tinuation of breastfeeding for one year or lon-
ger as mutually desired by mother and infant.
But the target for duration of exclusive breast-
feeding has not been reached in a significant
number of women. It may be due to inflamma-
tory breast disease such as milk stasis or lacta-
tional mastitis.

In this chapter we discuss the most com-
mon complications of breastfeeding including
milk stasis, mastitis, and breast abscess. Also
idiopathic granulomatous mastitis, a less com-
mon condition, is discussed due to its confus-
ing characteristics and notuniversally-accepted
treatment strategies.

Breastfeeding mastitis is inflammation of
the breast that can be infectious or non-
infectious. With proper diagnosis and treat-
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ment of this condition, more severe
complications like breast abscess could be
avoided, so that breastfeeding could be contin-
ued in some circumstances.

Keywords

Breast abscess - Breastfeeding -
Granulomatous mastitis - Mastitis -
Pregnancy

7.1 Overview

The benefits of breastfeeding are well recog-
nized, and the World Health Organization
(WHO) recommends exclusive breastfeeding for
the first 6 months after birth, continuing for up to
one year and beyond [1]. Only 50% of women
worldwide reach the 6-month period of
breastfeeding [2]. It may be due to inflammatory
breast disease such as milk stasis or puerperal
mastitis in some instances, which necessitates
adding supplements or completely ceasing
breastfeeding [3].
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7.2  Mastitis

Mastitis is an inflammatory condition of the
breast that is usually associated with lactation
and is less common during pregnancy. It can
progress from the non-infective stage to infective
mastitis. According to variations in the definition
and length of follow up in the postpartum period,
the incidence of mastitis in lactating women is
3-20% with a wide variation among the studies.
The time of occurrence is important in estimating
the incidence. Breastfeeding-associated inflam-
matory breast diseases appear mostly during the
first 12 weeks postpartum [4, 5].

7.2.1 Clinical Presentation

Mastitis during pregnancy and breastfeeding
must be differentiated from severe engorgement,
breast abscess, plugged duct, galactocele, and
inflammatory breast cancer. The clinical charac-
teristics of mastitis include tenderness, swelling,
and a warm wedge-shaped area over the breast,
associated with fever (>38.5 °C), fatigue and flu-
like symptoms (see also Chap. 5). It may or may
not be accompanied by an infection [5]. The pre-
sentation can be subtle with few clinical signs in
the early stages (Fig. 7.1). A large area of breast
swelling with overlying skin erythema can be
recognized in patients with an advanced infec-
tion. Reactive lymphadenopathy may be associ-
ated with axillary pain and swelling. There are

Fig. 7.1 Mastitis during
pregnancy. Mild
erythema and edema is
seen. (Courtesy of Dr.
Sadaf Alipour)

some predisposing factors including primiparity,
obesity, smoking, maternal malnutrition, illness
of mother or baby, poor positioning of the baby,
cessation of breastfeeding, cracked and sore nip-
ples [6-8].

7.2.2 Pathophysiology
and Bacteriology

The primary cause is milk stasis [3, 9, 10]. The
suckling of the infant causes erosions leading to
painful nipple and areola. The pain leads to
incomplete emptying of the breast and milk stasis
in the mammary alveoli. Intraductal pressure
rises owing to milk stasis, and milk penetrates
into the connective tissue. This penetration opens
intercellular junctions of the ductal epithelium
into the connective tissue, creating a primary
sterile inflammation. It is usually followed by a
secondary bacterial infection [10]. The pathogen-
esis of inflammatory breast diseases seems to be
associated with stress [3]. Hypothetically, a
change in the intramammary cytokine profile
(e.g. enhanced concentration of proinflammatory
Th-1-cytokines) occurs because of an elevated
amount of stress around birth that can lead to
breast infections during the puerperal period. An
increase in inflammatory cytokines is accompa-
nied by a decrease in anti-inflammatory cyto-
kines and local immunodeficiency [11].
Nasopharangeal organism from the newborn
babies, such as Staphylococcus aureus and
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Streptococcus, may infect the breast via the dam-
aged epithelial cells of the nipple-areola complex
during breastfeeding. Milk stasis in itself would
be a good culture medium and cause symptoms
[12, 13].

7.2.3 Diagnosis

The diagnosis of mastitis is based on clinical
manifestations, laboratory tests are not routinely
needed [5, 7, 14, 15]. Although differential diag-
nosis of mastitis from milk stasis is possible by
quantifying the leucocytes and pathogenic bacte-
ria in the breast milk, in practice infectious mas-
titis is usually treated without this test if clinical
symptoms of the patient do not improve after 24
hours of conservative management. However, a
culture of the breast milk is useful to guide the
selection of antibiotics; this is particularly impor-
tant in the setting of infection that is severe, hos-
pital acquired, recurrent, or unresponsive to
initial antibiotics [7, 16, 17]. Imaging is useful if
lactational mastitis does not respond to support-
ive care and antibiotics. Ultrasound (US) exam
can help in differentiating mastitis from breast
abscess and also from lactational phlegmon
which can occur in this inflammatory spectrum
[18]. Owing to the thickening of the skin and
fibrous tissue in mastitis, mammography should
not be performed, unless there are suspicious
malignant findings. In addition, it is rare to dis-
cover other severe abnormalities in mammogra-
phy [12].

7.2.4 Treatment

Conservative management includes continued
breastfeeding and draining the milk frequently
[5, 19]. Other measures include supportive care,
rest and adequate fluid intake, non-steroidal anti-
inflammatory drug (NSAID) consumption, warm
or cold compress, and analgesics. Antibiotics are
recommended if symptoms have not improved
[20] although a Cochrane systematic review
found insufficient evidence, owing to a lack of
studies, to confirm when to use antibiotics in the

treatment of mastitis [21]. S. aureus infections
result in severe clinical symptoms from the
beginning, whereas infections caused by
Streptococci are diffuse and cause local abscess
only in the advanced stage of infection. Infectious
mastitis can be treated efficiently using antibiot-
ics, especially amoxicillin-clavulanate 875 mg
taken twice daily orally for 10-14 days.
Cephalexin or dicloxacillin 500 mg taken every
6 h, orally for 10-14 days, is an alternative
empiric therapeutic regimen [7]. It is quite rare,
but puerperal mastitis by methicillin-resistant S
aureus (MRSA) can be very fatal [7].

In the setting of severe infection (e.g. hemody-
namic instability or progressive erythema),
empiric inpatient therapy with vancomycin (15—
20 mg/kg per dose every 8—12 h, not to exceed
2 g per dose) should be initiated; then, it is tai-
lored based on culture and sensitivity results
[21].

7.3  Breast Abscess

The prevalence of breast abscess during preg-
nancy and lactation has been reported from 0.4%
to 11% [8, 22]. It could be related to malnutrition,
low immunity, diabetes mellitus, obesity, and
poor hygiene of skin and overlying clothing. The
nipple and skin are usually the primary sources of
infection. The predisposing factors leading to
breast abscess include overlying skin diseases,
minor cracks, and various forms of trauma to a
bulky breast [23].

A breast abscess is determined as a localized
accumulation of infected fluid in the breast tis-
sue. A hard, tender, and sometimes fluctuant
mass with overlying erythema of the skin is the
most common presentation of a breast abscess
[24] (Fig. 7.2).

Breast abscesses are usually associated with
lactation (puerperal) but can be non-puerperal
[8]. Pregnancy over the age of 30 years, first
pregnancies, gestational age > 41 weeks, and
mastitis are considered as risk factors for devel-
opment of lactational breast abscesses [25] (see
also Chap. 5).
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Fig. 7.2 Lactating breast abscess in a 40 years-old nurs-
ing woman 16 months after delivery (first two photo-
graphs taken by the patient). (a) Two days after beginning

7.3.1 Bacteriology

S. aureus is the most common causative organism
[1], other organisms like Streptococcus or
Escherichia coli are less common [26]. MRSA
has also been reported as a causative organism in
several studies [26-28].

7.3.2 Diagnosis

If abscess formation is suspected, US is required
for diagnosis and treatment (see also Chap. 3).
Irregular boundaries, hypo-echoic or anechoic
mass, thick irregular walls, posterior acoustic
enhancement and liquid debris (fluid-debris)
shades can be observed in the abscess. Sometimes,
the air in the abscess can cause a bright reflection.
The floating hyper-echoic dots help in the differ-
entiation from malignancy [12]. When the patient
is resistant to treatment and satisfactory recovery
is not observed after 1 week of different thera-
peutic modalities, US-guided tissue sampling
and blood tests for HIV should be considered
[19].

7.3.3 Treatment
The goal of any of the interventions performed in

treating an abscess is to remove the infected fluid
as soon as possible. Thereby, pain and discomfort

of symptoms. (b) After 3 days, fluctuation over the
abscess. (¢) After 4 days, impending rupture. The abscess
was drained surgically. (Courtesy of Dr. Sadaf Alipour)

is reduced, allowing the woman to continue
breastfeeding her infant with little or no interrup-
tion. Maintaining the integrity of the breast is
also important, that is, the procedure should
cause minimal or preferably no scarring and
should preserve the function of the breast [28].
Recently, the treatment of lactational abscesses
with single or serial needle aspiration has been
favored in several studies. This is considered to
be effective and less invasive [6, 29, 30]. But cur-
rently it is not clear whether needle aspiration is
a more effective option to incision and drainage
for treatment of breast abscess [6]. There are
reports of insertion of a drain in the cavity of
large abscesses after aspiration to inhibit early re-
accumulation of pus. The results are promising,
and this can replace open drainage with a lower
rate of complications [31, 32]. Incision and drain-
age (I&D) is recommended if the abscess is sub-
areolar, the skin over the abscess is thin and
shiny, or the abscess appears as if it will burst
[33]. I&D is also recommended when the abscess
is large (>3 cm) or if there are multiple abscesses
that fail to respond to aspiration [6, 12]. In order
to allow continued breastfeeding, incision should
not be made in the areola, and breastfeeding from
the affected breast is recommended even if a
drain is inserted in the abscess cavity. I&D will
involve hospitalization and regular dressings.
This is thought to cause considerable distress to
both mother and baby during what is already a
difficult time [17]. Daily washing out of the
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wound may be necessary until secretions decrease
or become clear. Usually, the abscess cavity gran-
ulates and closes within four weeks [28].
Antibiotics are also recommended following
either a needle aspiration or I&D [28]. Antibiotics
of choice, such as dicloxacillin or flucloxacillin
500 mg 4 times daily orally or first generation
cephalosporins may be prescribed. Erythromycin
or clindamycin may be prescribed for women
who are allergic to penicillin. In cases of MRSA,
a breast milk culture and an assay of antibiotic
sensitivities should be undertaken. MRSA strains

are mostly sensitive to vancomycin or trime-
thoprim/sulfamethoxazole and less to rifampin. It
should be presumed that regardless of suscepti-
bility test results, MRSA is resistant to treatment
with macrolides and quinolones [26].

Continuing breastfeeding helps improve
inflammation and promote drainage, and can be
safely performed during antibiotic therapy [13,
26]. If there is no improvement despite these
treatments and if there is any suspicion of malig-
nancy, a cytology test and biopsy should be per-
formed [26] (Fig. 7.3).

Breast Abscess

f

Single or serial needle aspiration +

Continue breastfeeding +  AB

If

v v

v

v v

Subareolar Large (>3 cm) | Thin and shiny skin Multiple Bursting
| abscess ‘ | abscess ‘ ‘ over the abscess ‘ abscesses appearance ‘
|
I I I J
A4
[ 1
Incision + Drainage + Continue breastfeeding + AB

+ Tissue biopsy
Hospitalization and regular dressings

\

Daily washing out of the wound until
secretions become clear

\

Closure of the wound within 4 weeks

|

‘ If no improvement or any suspicion of malignancy

v

Cytology of contents + Biopsy of cavity wall

Fig. 7.3 Treatment of breast abscess during pregnancy or lactation. AB antibiotic therapy
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Delayed, inappropriate, or even inadequate
treatment of a breast abscess may result in per-
manent tissue damage, disfigurement, and more
extensive lesions, which in about 10% of women
could affect future lactation [6].

7.4 Idiopathic Granulomatous

Mastitis

Numerous pathologic processes responsible for
inflammation of the breast, can be included under
the generic heading of granulomatous mastitis.
Idiopathic granulomatous mastitis (IGM) is con-
sidered to be an idiopathic condition with cur-
rently no universally accepted treatment. Several
etiologies have been considered for IGM. They
include hypersensitivity to extravasated lactation
products, local breast trauma, subclinical infec-
tion, autoimmune process, recent history of preg-
nancy, lactation, and use of oral contraceptives
[34-38]. High levels of serum prolactin and
distension of the acini and ducts may result in
rupture of these structures, inducing a granulo-
matous response. Other causes of mammary
granuloma formation such as sarcoidosis,
Wegener granulomatosis, tuberculosis, and a fun-
gal infection must be excluded before a confirma-
tive diagnosis [39].

7.4.1 Concernsin Pregnancy

and Lactation

IGM is unusual in pregnancy, although it usually
occurs few years after lactation [40] (see also
Chap. 5). In a retrospective study of 25 women
diagnosed with IGM from Malaysia, 1 patient
was 25 weeks pregnant and 5 patients were lac-
tating at the time of presentation [41]. In addi-
tion, in a report of 24 patients from Jordan, 4
were pregnant at the time of presentation [42].
There were few other case reports of IGM at
11 weeks [43], 17 weeks [44], and 7 months of
pregnancy [45]. The first two cases of IGM were

treated with corticosteroids, and postpartum
recurrences responded to steroid therapy, as
well.

7.4.2 Pathogenesis

Kessler and Wolloch drew attention to the dis-
tinction between granulomatous and plasma cell
mastitis. Stains and cultures for bacteria, acid-
fast organisms, and fungi are typically negative
[46]. Although the role of Corynebacterium spe-
cies in the pathogenesis of IGM has not been
clearly confirmed, remarkable supporting evi-
dence has been reported by Taylor et al. [47]. The
perilobular distribution and granulomatous char-
acter of the inflammation suggests a cell-mediated
reaction to one or more substances concentrated
in the mammary secretion of lobular cells, but no
specific antigen has been identified [34]. The
lesion usually appears after, rather than during
pregnancy [48]. Coexistent erythema nodosum
has been reported [49].

7.4.3 Diagnosis

Women with IGM typically present with a dis-
tinct, firm-to-hard mass that involves any part of
the breast but tends to spare the subareolar
region (Fig. 7.4). Bilateral involvement is uncom-
mon. The clinical findings often suggest carci-
noma, and mammography may also be described
as suspicious [34]. Synchronous breast cancer
and IGM were reported only in a few case reports.
Although IGM is not the underlying cause of
breast malignancy, the diagnosis of breast cancer
should always be kept in mind. Any other lesions
in the presence of IGM should be assessed to rule
out breast cancer [50]. The lesions are frequently
hypoechoic on US, and are mostly detected by
this modality rather than by mammography.
Owing to the suspicious inherent differential
diagnoses, a histologic diagnosis with needle
biopsy is necessary.
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Fig. 7.4 Idiopathic Granulomatous Mastitis (a) In the right breast of a pregnant woman (26 weeks of gestational age);
(b) In the left breast of a 31 years-old woman during lactation

Persistence or recurrence of the inflammatory
process has been described after biopsy, which
may lead to skin ulceration [51].

7.4.4 Treatment

There is no universally accepted treatment for
IGM [34-37]. The most commonly used thera-
pies include surgical excision of the granuloma,
drainage of the wound, and concomitant steroid
therapy [34-37]. Others suggest the use of antibi-
otics, wide surgical resection, mastectomy, and
use of immunosuppressants [34-37]. Several
studies have proved that recurrences after surgi-
cal excision are frequent, even after bilateral
mastectomy [42, 53]. The rare coexistence of
breast cancer with IGM supports the argument
against operative management of this benign
condition [55]. Currently, surgical management
has become less prominent in treating IGM, and
non-surgical recommendations have become
more common including medications (oral or
topical steroids, methotrexate, azathioprine, and
anti-tuberculosis medications) or close observa-
tion [42, 53, 56-58]. There are significant reports
in the literature indicating that treatment with
methotrexate is effective, can prevent complica-
tions, and can limit adverse effects associated
with corticosteroid use [53].

Corticosteroids have been effective in resolv-
ing the lesions after a specific infectious etiology
has been ruled out [59]. In 1980, DeHertogh et al.

were the first to investigate the efficacy of differ-
ent treatments, and they concluded that cortico-
steroid is an appropriate option for the treatment
of the disease [59]. Furthermore, Sakurai et al.
sought this pharmaceutical approach, and they
authenticated that corticosteroids could be effi-
cient in 87% of patients without any relapse [37].
The results were validated by Su et al. while their
research implied that low doses of corticosteroids
were efficient [60]. Some authors concluded that
steroid therapy is effective and resolution can be
obtained without surgery [37]. Other researchers
found that surgical excision and antibiotics
should be the primary treatment modalities [38,
54].

There are reports demonstrating that clinical
observation of the patient associated with educa-
tion and reassurance can be an effective strategy
to manage IGM with resolution after an average
of about 7 months [55].

With such wide variations in treatment pat-
terns, it is not surprising that published recur-
rence rates can approach 50% ([51]. In fact,
current treatment methods are considered subop-
timal as all therapies can have significant adverse
effects [34-36, 54].

Despite the relatively high incidence of the
disease in Iran, the authors have only had the
experience of 4 cases of IGM during pregnancy
in around 25 years of surgical practice. All were
controlled with low-dose prednisolone (15 mg
per day during pregnancy and postpartum peri-
ods). Of these, 2 stopped breastfeeding because
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of IGM by themselves, whereas the remaining 2
had more than 6 months of breastfeeding. Their
symptoms and lesions are controlled by cortico-
steroid therapy and NSAIDs, and they are visited
every 6 months for follow-up.
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Abstract

Papillomas, atypical hyperplasias, and lobular
carcinoma in situ of the breast are not malig-
nant tumors, but present serious management
challenges when they are diagnosed in a breast
biopsy. Upgrading after excision and increased
possibility of future cancer are risks that
accompany these lesions. While some features
have been defined as high-risk for upgrading,
many practitioners now recommend conserva-

tive non-surgical treatment and vacuum-
assisted biopsy. However, the challenge gets
worse when the patient is pregnant or breast-
feeding because of the limitations in imaging
and treatment in relation to the fetus. This
chapter deals with these problems, although
the best management strategy cannot be
defined because of lack of evidence at
present.
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8.1 Papilloma

8.1.1 Overview
Papillomas are benign proliferative lesions of the
breast comprised of a fibrovascular core covered
by inner myoepithelial and outer epithelial layers
(see also Chap. 4). They usually grow in lactifer-
ous ducts as solitary or multiple lesions. They
may present as palpable masses, image-only
detected lesions, and/or as nipple discharge.
Solitary papillomas are usually centrally
located and can produce clear or bloody nipple
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discharge. Multiple papillomas are typically
peripherally located, less often cause nipple dis-
charge, and may have a higher likelihood of
being associated with adjacent premalignant and
malignant lesions [1]. Papillomas may develop in
women of all ages. Solitary papillomas are often
seen in women of 30—50 years of age while mul-
tiple intraductal papillomas occur at a younger
age [2].

8.1.2 Presentation and Diagnosis

Papillomas are commonly asymptomatic, but
they can present as pathologic (bloody or clear,
single duct) nipple discharge and, less commonly,
as a mass. Bloody nipple discharge is more com-
monly observed in high risk papillary lesions
rather than benign papillomas [3].

The ultrasound (US) presentation of papillo-
mas consists of a solid intracystic lesion or a
dilated duct with or without an associated intra-
ductal mass, but it may sometimes present as a
solid nodule with irregular margins [4] which is
not distinguishable from other breast lesions.
Color Doppler imaging may detect the flow from
an afferent vascular feeding pedicle. In mam-
mography, papillomas have no specific sign; but
larger lesions may appear as round or oval masses
or as nonspecific densities. Up to 25% of solitary
papillomas are associated with benign-appearing
calcifications [5], as can be the case with multiple
peripheral papillomas [6]. Larger papillomas
may appear as enhancing nodules on MRI, which
may have a higher sensitivity in defining the
number and extent of the papillary lesions than
mammography and ultrasonography [7].
Ductography and ductoscopy are other assess-
ment tools that are rarely used for evaluation of
nipple discharge. Cytology smear can confirm
the presence of erythrocytes and give information
about exfoliated cells, which is rarely helpful, as
a tissue diagnosis is still necessary.

The diagnosis is often made by image guided
percutaneous needle biopsy, although core nee-
dle biopsy (CNB) may not be sufficient to distin-
guish benign and malignant papillary lesions,
partly due to fragmentation of the tissues (see
also Chap. 4).

8.1.3 Management

If the result of CNB shows atypia or suspected
malignancy in the papillary lesion, surgical exci-
sion is the standard treatment. However, in benign
papillary lesions without atypia, both options of
follow-up by imaging and surgical excision have
been recommended.

One of the main concerns with papillomas is
the risk of an occult existing malignancy in the
lesion. This happens when a lesion diagnosed as
benign papilloma in CNB is upgraded to malig-
nancy in the histological exam after surgical
resection.

Overall, the rate of upgrading to carcinoma of
a benign needle biopsy proven papillary lesion
without atypia during surgical excision has been
reported as high as 41% [8] and 30% [9], to as
low as 2.3% [10], 2.12% [11], and 0.8% [12]. In
a retrospective review of 97 intraductal papillo-
mas detected in core biopsy between 2005 and
2013, rate of upgrade to cancer on excision was
21% for intraductal papillomas with atypia and
6% for intraductal papillomas without atypia
[13]. In a meta-analysis by Wen and Cheng [14],
in the thirty-four studies including 2236 breast
papillary lesions, the median percentage of
underestimation of malignant papillary lesions at
CNB was 15.7% (95% CI:12.8-18.5%). Seely
et al. [15] compared the upgrade rates to malig-
nancy and atypia in two types of percutaneous
biopsy techniques: vacuum-assisted biopsy
(VAB) and 14-gauge CNB. This study showed
that the upgrade rate to malignancy was 5.5 times
higher with a 14 G CNB than with 10-12 G VAB,
attributing this difference to the lesion being
under-sampled with a smaller biopsy device,
retrieving smaller core samples. In a similar
study [16] a non-vacuum-assisted CNB approach
was associated with a much higher upgrade rate
than that of VAB (10.2% versus 0%).

It has also been shown that when an initial
diagnosis of breast papilloma is made with VAB,
the upgrade rate to malignancy tends to be low,
and long-term imaging follow-up can safely
replace surgical excision [11, 16—18]. Kuehner
etal. [19] reported a cohort study of benign papil-
lary lesions diagnosed by image-guided CNB
between 2012 and 2013. Among 407 patients in
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Table 8.1 Probable risk

Advanced patient age [21], or age > 50 years [19]*

factors for upgrading of
Patient and lesion

Presence of bloody nipple discharge [20]

biopsy-detected papilloma
characteristics

Palpable mass [19, 20]

to malignancy in surgery

Lesion size > 15 [20], or > 10[19], or > 5 [21] mm?

Peripheral location [20], or located > 5 cm from nipple [19]

Imaging features

Presence of mammographic calcifications [21]*

BI-RADS > 4b in mammography [20]

Diagnosis by core needle biopsy ° [15, 16]

Biopsy details

Presence of atypia in specimen [13]

a. In another study, age, lesion size and radiologic features were not associated with
increased risk of upgrading [22]; b. Versus vacuum-assisted biopsy. BI-RADS Breast
Imaging-Reporting and Data System

this study, 327 (80%) underwent surgical exci-
sion and 61 (15%) had imaging follow-up. The
upgrade rate to cancer in the surgical excision
group was low (3.4% were ductal carcinoma in
situ, 2.4% were invasive cancers) and upgrades
were more common among women older than
50, in those with palpable masses, lesions greater
than 1 cm, and lesions located more than 5 cm
from the nipple. No cancers were diagnosed in
the imaging follow-up group. In a study by Ahn
et al. [20] similar factors, such as peripheral loca-
tion and palpability, were found to be associated
with a higher risk of an adjacent carcinoma.
Additionally, the study showed that the presence
of bloody nipple discharge, lesion size on imag-
ing greater than 15 mm and Breast Imaging-
Reporting and Data System (BI-RADS)
classification greater than 4b are associated with
higher upgrade rates to malignancy. Similarly, in
a study of 182 patients with papillary lesions who
underwent surgical excision, upgrade rate was
12%, and advanced patient age, tumor larger than
0.5 cm and presence of mammographic calcifica-
tion within the lesion were associated with higher
upgrade rates [21]. However, in another study on
123 papillary lesions age, race, lesion size and
radiologic features were not associated with an
increased risk of upgrade to carcinoma on exci-
sion: the upgrade rate was 8.3% for papillary
lesions and 12.5% for papillary lesions with
hyperplasia [22]. Factors that might increase the
rate of upgrading of a biopsy-detected papilloma
to malignancy are shown in Table 8.1.

8.1.4 Concernsin Pregnancy
and Lactation

Pregnancy produces changes within the lactifer-
ous ducts that can cause bloody discharge by for-
mation of delicate intraductal spurs which can be
traumatized and shed into the lumen of a duct
[23]. This usually happens when the vascularity
is increased in the late second trimester and in the
third trimester of pregnancy, and often ceases
after delivery. Occult blood has been detected in
up to 20% of pregnant women with non-bloody
nipple discharge and in 15% of lactating women
[24] (see also Chaps. 2, 4 and 5).

However, both solitary and multiple
(peripherally-located) papillomas can occur in
pregnant and lactating women, and can be the
cause of the discharge. US remains the main
modality for assessment of nipple discharge in
pregnancy. Mammography is relatively safe dur-
ing pregnancy and lactation but is often requested
only if there is a high suspicion of malignancy.
As well, although MRI is an acceptable and use-
ful modality for assessing papillomas in non-
pregnant women, routine use of gadolinium in
the evaluation of pregnant patients is not appro-
priate (see also Chap. 3). The use of breast MRI
in lactation also can be of limited value because
breast parenchyma in a lactating patient may
show rapid enhancement following contrast
injection, followed by an early plateau of
enhancement making interpretation of the find-
ings difficult [8].
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As with non-pregnant women, the best
method of definitive diagnosis when an intra-
ductal lesion is detected in the US breast exam
of a pregnant or lactating woman with or with-
out nipple discharge is percutaneous US-guided
needle biopsy. As well, like non-pregnant cases,
detection of atypical or malignant cells should
lead to surgical excision as standard treatment
despite higher risk of bleeding and milk fistula.
When surgery is planned, excision via a subare-
olar incision is often feasible for most central
papillomas. Surgery of non-palpable papillomas
can be performed with guide of nipple discharge
(steel probe duct cannulation from nipple sur-
face, injection of dye or water into the duct) or
wire localization under imaging techniques. In
these circumstances, more peripheral placement
of the incision might lower the incidence of
milk fistula if the surgery is performed in late
pregnancy or during breastfeeding (see also
Chap. 13).

Although a number of studies have reported
high upgrade rates [8, 13, 21], follow-up by
imaging can be helpful in the management of
benign intraductal papilloma in gravid and
breastfeeding women, albeit data regarding the
management of papillary lesions in these patients
are scant.

Since pregnancy-associated breast cancer
(PABC) can rarely present only as bloody nip-
ple discharge, if the result of physical exam,
breast ultrasonography (US) and cytology
smear are normal in a pregnant woman with
bloody nipple discharge, she can be followed
for several months after delivery [24] (see also
Chaps. 2 and 5).

Juvenile papillomatosis of the breast is a
rare entity in children which occurs less com-
monly in young women. In a report of 18
patients with juvenile papillomatosis, five were
diagnosed during pregnancy [8]. The treatment
is surgical excision, and obtaining negative
margins is recommended to prevent recur-
rence. If the mass is diagnosed in the third tri-
mester of pregnancy, excision can be postponed
until after delivery. In the first and second tri-

mesters, it is safe to do complete excision after
performing needle biopsy.

8.2  Atypical Hyperplasias
and Lobular Carcinoma
In-Situ

8.2.1 Overview

Atypical ductal hyperplasia (ADH) is recognized
as a borderline lesion due to the overlap of its
histologic characteristics with Usual Ductal
Hyperplasia (UDH) and low-grade Ductal
Carcinoma in Situ (DCIS), and harbors some but
not all of the diagnostic criteria of the latter. It is
composed of epithelial atypical cells within the
ductal-lobular system of the breast [25, 26].

Lobular neoplasia (LN) is a term comprising
both atypical lobular hyperplasia (ALH) and
lobular carcinoma in situ (LCIS). LN is charac-
terized by proliferation of atypical epithelial
cells within the terminal duct lobular units
(TDLUs); but the degree of TDLU involvement
by neoplastic cells differs in ALH and LCIS
[27, 28]. From the standpoint of cellular appear-
ance, classical LCIS and ALH are essentially
indistinguishable but there are some quantita-
tive differences between the two entities: in
classical LCIS, at least half of the acini in a lob-
ule are filled and distended with uniform, small,
loosely cohesive cells, and sometimes signet
ring cells while the nucleoli are small or absent.
However, if fewer than a half of the acini are
involved, the lesion would be called ALH [27,
28]. LN is multifocal and multicentric in
50-85% of cases, and bilateral in 25-40% [27,
29-31].

8.2.2 Histologic and Molecular
Characteristics

The cytologic features of ADH consist of evenly
spaced, uniform small atypical cells with rounded
nuclei and well-defined borders. The size and
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extent of the lesion is also important in the diag-
nosis of ADH, and it is defined as partial involve-
ment of ducts or complete involvement of fewer
than 2 duct profiles [25, 26]. The histologic dif-
ferentiation of ADH and DCIS is not very objec-
tive, and Tavassoli has suggested a classification
system using the term ductal intraepithelial neo-
plasia (DIN), ranging from DIN 1 to 3 based on
nuclear grade; in this classification carcinoma is
used for invasive tumors only [29, 30].

In LN, the E-cadherin stain is typically nega-
tive and this immunostain is often helpful in dif-
ferentiating LN from DCIS, because the latter is
expectedly characterized by E-cadherin positiv-
ity [27, 28]. The proliferative rate of the cells
constituting ALH is low. These characteristically
show strong expression of estrogen receptors
(ER) and no expression of high-molecular-weight
cytokeratins with CK5/6 immunostains12 [26].

Non-classical or variant forms of LCIS such
as pleomorphic LCIS (pLCIS) and florid LCIS
(fLCIS) harbor some additional features such as
discohesion, central necrosis, calcifications, large
nuclei, and prominent nucleoli [27, 28]. The term
lobular intraepithelial neoplasia (LIN) was sug-
gested by Tavassoli to introduce a three-level
classification for LN, ranging from LIN1 to LIN3
based on the degree and extent of pathologic
changes in cells and acini [28, 33].

8.2.3 Epidemiology

Since the establishment of mammographic
screening, atypical hyperplasia (AH) has been
diagnosed more frequently. It is seen in 0.5 to
17% of benign breast biopsy results depending
on method of biopsy (surgical, vacuum-assisted,
or core needle biopsy), means of radiologic assis-
tance (no imaging assistance, ultrasound, mam-
mography, or MRI guidance), type of biopsied
lesion (from palpable mass to mammographic
microcalcifications), [34—43] and definition of
diagnostic criteria [42]. The true incidence of LN
is unknown, because it is considered to be an
incidental finding without any specific imaging

or clinical features, largely associated with other
lesions in the histologic specimen; and diagnosis
may vary based on pathologic definition.

The mean age at diagnosis of ADH is 46 years
[40]. LN is detected in all ages and has been said
to be more common in pre- and perimenopausal
women, [27, 29, 44] the most frequent age of
detection being between 40 and 55 years [27, 30,
31, 40, 43, 44]. The incidence of LN has been
reported to range from 0.1% for pure ALH to
0.5—7.8% for LCIS with or without ALH [27-31,
33, 40, 44]. Surveillance, Epidemiology and End
Results (SEER) has reported a substantial
increase in age-adjusted incidence rates of LN
from 1978 to 1998 [29, 30, 43, 44]. This rise was
mainly noted among women over 40 years old,
particularly those between 50—59 years of age;
and may be related to routine mammographic
screening and an increasing access to
image-guided biopsy technology, improved accu-
racy histologic interpretation, and widespread
use of hormone replacement therapy in peri- and
post-menopausal women at the reported time
period [28, 30, 33].

8.2.4 Presentation and Diagnosis

ADH most commonly presents as mammo-
graphic microcalcifications, which are similar in
appearance to those associated with DCIS or
invasive breast cancers. It also seldom presents as
a palpable or an image-detected mass [25, 40,
45-48] and it may rarely be seen on a core biopsy
of mammographic distortion [45] or of a non-
mass enhancement in MRI [48].

LN is an incidental finding detected on core or
excisional biopsies of breast imaging abnormali-
ties. The most common imaging findings are
clustered mammographic microcalcifications,
and these are more common in pLCIS [27-31,
33, 34, 44, 48]. LN may also present as a “shad-
owing, avascular, irregular, hypoechoic mass” on
ultrasound; and a “heterogeneous non—mass-like
enhancement with persistent enhancement kinet-
ics” on MRI [31].
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8.2.5 Clinical Course and Prognosis

There are actually two main concerns regarding
AH and LCIS. The first issue is the synchronous
presence of cancer in a biopsied lesion, which
can be detected as an upgrade of the first diagno-
sis when surgical resection of the biopsied lesion
is undertaken.

The rate of upgrade of ADH, diagnosed on
CNB, to in situ or invasive cancer in further exci-
sion is 0—65%, [25, 26, 29, 34, 38, 49, 50] with a
preponderance for DCIS [41, 46]. The risk of
upgrade is highest when ADH has been detected
in a lesion biopsied by a 14-gauge needle without
radiologic assistance or under ultrasound guid-
ance and lowest when a stereotactic VAB of a
mammographically-detected lesion is performed
with a 9- or 11- gauge needle [34]. In addition,
the most common suggested prognosticators of
upgrade are multiple ADH foci, presence of
necrosis and marked atypia, high estimated per-
cent of residual lesion in imaging, no mass
lesions on mammography, initial radiological
large size, and less well trained pathologist [40,
46, 51]. It is remarkable that ADH detected in
MRI has a higher rate of upgrade to cancer than
ADH diagnosed by mammographic sampling,
may be because MRI is primarily used in higher
risk women [32]. Factors that might be associ-
ated with an increased rate of upgrading of
biopsy-detected ADH to malignancy are summa-
rized in Table 8.2.

The rate of upgrade during histologic exam of
the surgically excised samples of biopsy-proven
LN has been from 9—33%, but this falls to 1-3%
with radiological-pathologic concordance [34,
52].

The second concern about AH and LCIS is the
future probability of cancer occurrence in a
woman who has been diagnosed with ADH or
LN.

Overall, AH carries a relative risk of around
three— to four-fold increase in future cancer, and
the risk is greater for women whose lesion is
diagnosed at younger age [35, 37, 53-55]. The
cancer may occur in the same or opposite breast,
[53] and is more frequently invasive rather than
in situ [55]. It is noteworthy that AH was not
present in most of the benign breast biopsies that
preceded a breast cancer [42].

ADH is considered both a risk factor for, and
a potential non-obligate precursor of breast can-
cer; with a three- to five-fold increased risk in the
ipsi-(50-75%) or contralateral (25-50%) side
[25, 26, 32, 36, 38-41, 47, 48, 50], and no spe-
cific histology or grade [47].

Because cancers that follow ALH and LCIS
are both ductal and lobular invasive carcinomas
and are seen in both breasts, LN has been consid-
ered a risk factor for future cancer development.
However, a greater risk of LCIS than the general
population and a higher frequency of ipsilateral
rather than contralateral cancer suggest the pos-
sibility of LN being also a non- obligate breast
cancer precursor. The overall risk is higher for

Table 8.2 Probable risk factors for upgrading of biopsy-detected ADH to malignancy in surgery [32, 34, 40, 46, 51]

No mass on mammography

Imaging characteristics of

Radiological large size

the lesion Detected in MRI *
Significant residue in imaging
By 14-gauge needle

Biopsy details® Without radiologic assistance

Under US guidance

Interpretation by less experienced pathologist

Presence of multiple foci of ADH

Histological assessment

Presence of necrosis

Presence of marked atypia

a. versus lesion detected in mammography; b. versus stereotactic vacuum-assisted biopsy with a 9- or 11- gauge

needle. ADH Atypical Ductal Hyperplasia, US ultrasound
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LCIS than ALH: eight- to ten-fold versus four- to
five- fold [27, 29, 30, 33, 39, 40, 43, 44, 48, 53].

8.2.6 Management

Because of the significant upgrade rate, most cli-
nicians recommend excision as standard treat-
ment for a lesion diagnosed as ADH in biopsy
[25, 26, 32, 35, 38, 41, 46-48, 50, 51, 56].
Observation without surgery has been proposed
in selected cases of biopsy-proven ADH, includ-
ing small lesions detected as mammographic
microcalcifications and completely removed by
VAB, micropapillary type, and few foci of ADH;
however long-term safety has not yet been proved
[32, 34, 48, 51, 56]. To address the elevated life-
time breast cancer risk associated with ADH,
counseling about risk assessment and risk-
reducing options should be provided. The Breast
Cancer Prevention Trial [57] showed that tamoxi-
fen lowered the risk of subsequent cancer in 86%
of women harboring ADH; the problem is very
low long-term adherence of women to the ther-
apy [25, 26, 32, 38, 40, 41, 47, 50, 51]. Some
patients choose to undergo bilateral risk-reducing
mastectomies when diagnosed with ADH due to
the increased future breast cancer risk, this
approach may be considered excessive by most
specialists [25, 41].

Ideal management of LN is still subject to
controversy, fluctuating from only high-risk
screening to radical surgery [29, 31]. Ipsilateral
mastectomy and contralateral mirror-image
breast biopsy, as well as bilateral mastectomy
due to bilateral risk of breast cancer, have been
carried out in the past for cases of LCIS [44]. LN
detected in core needle biopsy in the presence of
radiologic-pathologic concordance for lesions
that are BI-RADS 4 or less does not require exci-
sion and the patient should only be counseled
about her elevated future breast cancer risk [27,
28, 35, 43, 44, 48, 50, 52, 54]; although accord-
ing to some clinicians, excisional biopsy is still a
suitable option in these cases [31]. The consensus
recommendations for LN diagnosed on needle
biopsy in the “first International Consensus
Conference on lesions of uncertain malignant
potential in the breast (B3 lesions)” in January

2016 was to excise the lesion by VAB only, and
then follow it by imaging for 5 years [56]. Surgery
is more frequently done when an associated
lesion in the biopsy specimen needs excision,
there is pathological-mammographic discor-
dance, ALH is diagnosed in biopsies taken under
US or MRI guidance, necrosis is seen in classical
LCIS, or LCIS constitutes a bulky mass, as well
as in pLCIS [28, 43, 48, 50, 54].

Endocrine therapy for 5 years as chemopre-
vention is recommended in patients with LN [28,
31, 44, 48, 54] and can cause a more than 86%
and 55% decrease in future breast cancer risk in
ALH and LCIS, respectively [31, 50].

For women with genetic or additional risk fac-
tors or those who are excessively worried about
plain observation or chemoprophylaxis, bilateral
risk-reducing mastectomy with or without imme-
diate reconstruction is an option. This procedure
is associated with 95% breast cancer risk reduc-
tion, and the patient should be instructed about
the remaining slight risk of breast cancer and the
effect of the procedure on quality of life [30, 31,
44]. Variant LCIS, including pLCIS is often
approached as DCIS from the management point
of view; and is therefore treated by excision of
the lesion with clear margins, followed by endo-
crine therapy if hormone receptors are positive
[27, 28, 34, 44]. The role of adjuvant radiother-
apy for non-classical LCIS 1is not well
established.

Based on the above data, our recommendation
for the management of core biopsy-proven cases
of LN with radiological-pathologic concordance
would be observation, with or without prophylac-
tic endocrine therapy.

8.2.7 Follow Up

Women diagnosed with LCIS should be coun-
seled about the lifetime risk of getting breast can-
cer, [44] and possible risk-reducing options. They
are recommended to follow healthy dietary and
lifestyle habits [54]. There is insufficient data to
opt for or against breast cancer screening by MRI
in women with ADH and LCIS. After diagnosis
of these lesions and ruling out associated lesions,
follow up screening by self- examination, clinical
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breast exam, and annual mammography should
be undertaken [26, 30-32, 35, 41, 44, 48].

8.2.8 Concernsin Pregnancy
and Lactation

The approach to AH and LCIS during pregnancy
has not been discussed in the literature. One reason
is that these lesions are most frequently diagnosed
incidentally during biopsy taken from a mammo-
graphic lesion, and mammography is not done dur-
ing pregnancy. Still, some lesions may be detected
in a specimen biopsied under US guidance, or may
be an associated finding during biopsy of a palpa-
ble lesion during gestation [31, 45].

In order to assess what surgeons would do in
approaching this issue, we designed a multiple
choice questionnaire which enclosed two sets of
questions about the approach to ADH, ALH, or
LCIS during each trimester of pregnancy or
breastfeeding. The proposed treatment modules
were observation, immediate VAB, immediate
surgery, surgery in next trimester, and surgery
after delivery or breastfeeding. The survey was
sent out to 671 surgeons in 24 countries, includ-
ing specialists from the International Network on
Cancer, Infertility and Pregnancy (INCIP).
Answers from the 101 responding surgeons
showed that they preferred extraction of ADH by
VAB during pregnancy and either by VAB or sur-
gery during breastfeeding. Their approach to LN
was mostly conservative, except for LCIS found
in a mass lesion, where VAB for the first trimes-
ter, surgery during the second trimester or breast-
feeding, and surgery after delivery for lesions
discovered in the third trimester were more fre-
quently chosen [58]. Our suggestion is to excise
the lesions via immediate vacuum biopsy in this
unusual circumstance.

8.2.9 IsPregnancy Allowed

in Women with ADH or LCIS?

The effects of pregnancy on AH or LCIS have not
been specifically contemplated in the literature.
This may however be a serious question for

women in reproductive ages that have been diag-
nosed with one of these pathologies. The subject
may be considered from the point of view of the
influence of female sex hormones on the lesions,
namely because of massive hormonal increases
that occur during pregnancy.

Hormone replacement therapy (HRT) is very
different from pregnancy, both from the perspec-
tive of type and amount of hormonal changes in
the body, and the age of the patient. It is nonethe-
less a hormonal issue that has been pointed out in
relation to AH and LCIS in the literature. It has
been demonstrated that HRT had caused a rise in
the incidence of AH when it was routinely pre-
scribed, [59] and use of HRT in women having
been diagnosed with AH is not recommended in
first place. In addition, when these pathologies
are detected in a woman already on HRT, discon-
tinuation of the medicine should be considered;
this rule also applies to oral contraceptive pills
[40, 44, 54].

From its early descriptions, LCIS has been
known as a disease of premenopausal women.
Although confining the disease to that period has
been challenged thereafter, it is still known to be
more common in premenopausal age, probably
due to higher levels of sex hormones. On the
other hand, one of the possible etiologies for the
increased incidence of LCIS between years 1978
and 1998 is common use of HRT by post-
menopausal women [27, 33]. Also, it has been
said that the risk of cancer following ADH and
LN is higher in premenopausal patients; then
again body hormonal milieu has been held
responsible [48].

Given the uncertainty associated with the
safety or not in patients with ADH and LN, there
is still no strong basis to discourage pregnancy on
these patients. The most reasonable suggestion
seems to be guideline-concordant management of
the lesions in question before a planned preg-
nancy, and careful observation of the pregnant and
nursing mother by appropriate breast assessment
during that period. Anti-estrogens taken after a
diagnosis of AH or LCIS should be discontinued
before planning for pregnancy because of the pos-
sible adverse effects on the child [25, 36, 40],
whereas the prescription can be used again later.
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Abstract

Breast cancer diagnosed during pregnancy or
lactation up to 1 year post-partum is often
referred to as pregnancy-associated breast
cancer (PABC), although the definition varies
with length of post-partum period. The inci-
dence rate has been reported to range from
17.5 to 39.9 per 100,000 births, but the rate is
substantially lower during pregnancy (ranging
from 3.0 to 7.7) than during the post-partum
period (ranging from 13.8 to 32.2). The PABC
incidence rate is increasing in many popula-
tions, and higher maternal age at birth is a
likely explanation. Linkable population-based
data on pregnancies and cancer are required to
obtain reliable estimates of PABC incidence.
In studies comparing outcomes in women
with PABC to other young breast cancer
patients, it is crucial to adjust for age, since the
age distribution of PABC depends both on age
at pregnancy and age at breast cancer. Large
studies have shown similar prognosis for
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women with PABC compared to other young
women with breast cancer, when accounting
for differences in age, stage and other tumour
characteristics.
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9.1 Definition of Pregnancy-
Associated Breast Cancer

Risk Windows

Pregnancy-associated breast cancer (PABC) is
commonly defined as a breast cancer during
pregnancy and up to 1 year postpartum. Some
authors only include the pregnancy window,
while others also include the second year post-
partum or up to 5 or 10 years postpartum in the
PABC risk window. The different pregnancy and
postpartum risk windows reflect short- and long-
term exposures and effects of pregnancy on
breast cancer detection and management, e.g.
mammographic  density, masking, potential
detection delays, diagnostic workup, treatment
and survival. For most outcomes it is of relevance
to separate effects in the different risk windows
during pregnancy (first, second, third trimesters)
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and after delivery (0-6 months, 6-12 months,
etc.). The pregnancy window is of particular
interest for long-term follow-up of children
exposed to cancer treatment in utero.

From an epidemiological point of view, it is
important to realize that pregnancy-association is
an exposure, and that PABC is a subgroup of
young patients diagnosed with breast cancer,
namely those cases diagnosed while exposed to
pregnancy and lactation.

9.2 Incidence of Pregnancy-

Associated Breast Cancer

Breast cancer, together with malignant mela-
noma and cervical cancer, are the most common
malignancies diagnosed in pregnant or recently
pregnant women [1-8]. Around 4% of women
with breast cancer under age 45 are diagnosed
during pregnancy or within the first year postpar-
tum [2, 4, 9].

The incidence rate of PABC has been reported
from several population-based studies (Table 9.1).
There is a large variation in incidence across dif-
ferent populations and calendar periods. Reported
estimates of PABC incidence rates range from
17.5 to 39.9 per 100,000 births; rates range from
3.0 to 7.7 during pregnancy, and from 13.8 to
32.2 during the first year postpartum [1, 3-7].

Hence, the risk pattern before and after deliv-
ery is strikingly different, with a lower incidence
during pregnancy and an increasing incidence
after delivery. This risk pattern was assessed in
detail by Andersson et al. [1] who reported the
relative risks of PABC as: 1st trimester: 0.05
(95% CI 0.02-0.11), 2nd trimester: 0.26 (0.18—
0.36), 3rd trimester: 0.72 (0.59-0.87), 0—6 months
postpartum: 0.59 (0.51-0.69), 6-12 months post-
partum: 1.12 (1.01-1.24) and 12-24 months
postpartum: 1.10 (1.03—1.18), compared to an
age- and year-matched control population. This
risk pattern could reflect a biologically lower risk
during pregnancy, diagnostic delays or a healthy
mother effect (reverse causation) during preg-
nancy [10].

Several studies have shown increasing inci-
dence rates of PABC over calendar time [2-6].
The increasing incidence can to a large extent be

explained by increasing maternal age and the
ongoing trend of postponement of childbearing
to ages where breast cancer is more common [2,
4, 5]. Other than age, risk factors of PABC are
largely unknown.

There are several challenges when estimat-
ing PABC incidence rates. First, the estimates
depend on which denominator has been uti-
lized for calculating the incidence rate. Most
commonly, PABC incidence is expressed as
number of PABC cases per 100,000 deliveries
or births, but also pregnancies (including elec-
tive and spontaneous abortions), live births,
and person-time at risk have been used as
denominator. The denominator should ideally
capture the population at risk of PABC, namely
pregnant (or recently pregnant) women. The
total number of pregnant women may be diffi-
cult to ascertain in a population even with a
birth registry, due to high rates of spontaneous
abortion in the first trimester. Hence, births
(deliveries) are a more stable measure of the
pregnant population. Number of deliveries is
also a good estimate of number of women at
risk in the postpartum period, and using the
same denominator before and after delivery
makes the rates comparable.

Second, the incidence estimates may differ
between studies due to the inclusion or exclusion
of abortions (spontaneous or induced) and still-
births in both the numerator and denominator of
the incidence rate. Such hampered case ascertain-
ment would lead to underestimation of PABC
rates during pregnancy, in particular in early tri-
mesters. Eibye et al. [4] reported that 81% of
patients diagnosed with PABC in first trimester
underwent elective abortion. However, in recent
years the use of therapeutic abortion is likely to
have decreased as more aggressive treatments are
given during pregnancy.

Third, to obtain unbiased estimates of PABC
incidence, population-based individual level data
on both pregnancies and breast cancer is required.
In many countries, population data is available in
birth registries and in cancer registries. However,
in order to classify a breast cancer as PABC these
two registry databases must be linkable on an
individual level, which may not be administra-
tively possible in all countries.
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9.3  Age-Specific Incidence
of Preganancy-Associated
Breast Cancer

and Maternal Age

Similar to the overall breast cancer incidence, the
age-specific incidence rates of PABC increases
over a woman’s reproductive period and is high-
est above age 40 [2-4, 6]. However, the PABC
incidence also depends on the age at childbirth
(i.e. age at exposure). In most populations, the
mean age at childbirth is below 30 years. Because
the age distribution of PABC is the overlap
between the age distributions of pregnancy
(exposure) and of breast cancer (outcome), the
absolute numbers of PABC are therefore highest
in ages 30-34 years [2]. In this age group, preg-
nancy and breast cancer is most likely to co-
occur. So, although the PABC incidence rate
increases with age, the absolute numbers of
PABC continuously decrease to zero at meno-
pause after which women are no longer exposed
to pregnancy and PABC does not occur.

In studies of PABC, women with PABC are
often compared to other premenopausal women
with breast cancer, often denoted “non-PABC”.
Non-PABC is usually defined as a breast cancer
diagnosed in a nulliparous woman or in women
more than 1 year after the latest childbirth.
Women with non-PABC are thus similar to “pre-
menopausal breast cancer” and will have an
increasing age-distribution, since breast cancer
becomes more common at higher ages. Hence,
since the age of PABC women is shifted towards
younger ages, while the age of non-PABC women
is shifted towards higher ages, age at diagnosis is
a very strong confounder in comparisons between
PABC and non-PABC. Any comparison between
PABC and non-PABC must therefore be thor-
oughly adjusted for differences in age at diagno-
sis to avoid age confounding. This can either be
achieved via fine matching between PABC cases
and non-PABC controls (e.g. 1-year age catego-
ries are often required) or via adjustments in the
statistical analysis. Residual age confounding is a
problem that many studies of PABC may have
overlooked when using too broad age categories
in the adjustment.

9.4 Prognosis of Pregnancy-

Associated Breast Cancer

Several studies of varying sizes have assessed
prognosis following breast cancer during preg-
nancy and lactation with somewhat conflicting
results [8, 9, 11-20]. Two meta-analyses includ-
ing both hospital-based and population-based
studies found a worse prognosis in women with
PABC compared to non-PABC, but the associa-
tion was stronger in the postpartum period and
weaker in women diagnosed during pregnancy
[12, 16]. Women with PABC are more often diag-
nosed with advanced stage tumors and hormone
receptor negative disease [8, 9, 11]. After adjust-
ments for tumor stage and biology, the survival is
similar between PABC and non-PABC, indicat-
ing that the worse prognosis reported in some
studies can to a large extent be explained by
adverse tumor characteristics [8, 9, 11].

Differences between studies include study set-
ting (hospital-based, population-based), country,
ages at diagnosis, calendar periods, treatments,
postpartum windows, length of follow-up and
study size. Population-based studies of prognosis
following PABC often lack detailed information
on clinical factors and treatment data, while
institution-based materials often include those
variables at high quality, but are at risk of selec-
tion bias. The poorer survival in cases diagnosed
postpartum may partly be explained by delayed
diagnosis, suboptimal treatment and lack of
adjustment for several important clinical factors
(see also Chap. 11).
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Abstract

Breasts are one of the most common sites of
neoplastic lesions in women during pregnancy
and lactation. This chapter reviews carcino-
mas of the breast during pregnancy and lacta-
tion while focusing on histologic features,
biomarker profiles and some involved molecu-
lar pathways. Also, a brief review of previous
studies on this field is performed.
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10.1 Overview

Breast carcinoma during pregnancy is not a com-
mon finding (from 1 in 10,000 to 1 in 3000 preg-
nancies) (see also Chap. 9), but owing to
diagnostic problems and the biological differ-
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ences in this setting, notable attention should be
given not to miss the diagnosis [1-3].

The definition of pregnancy-associated breast
cancer (PABC) is evolving; it is defined as breast
cancer that is diagnosed during pregnancy, in the
first postpartum year or at any time during lacta-
tion [3, 4]; but some authors extend this time up
to 10 years after delivery. In addition, some
authors have proposed that PABC should be
viewed as 2 distinct subsets: (1) cases diagnosed
during pregnancy and (2) cases diagnosed in the
postpartum period [5].

The age distribution of PABC seems to be
changing owing to delayed pregnancy and the
probable increase in breast cancer rate [6—8] (see
also Chap. 9).

The clinical presentation of PABC is not very
different from non-pregnant women, but because
of the attribution of symptoms to physiologic
alterations related to pregnancy, the fear of can-
cer in patients, and physician’s inclination to be
reassuring, delayed diagnosis may occur [9, 10].
PABC is mostly characterized by a palpable
mass, but nipple discharge, skin redness and
thickening, ulcers, and nipple retraction are not
exceptional symptoms [9] (see also Chap. 11).

It is known that pregnancy exerts a bidirec-
tional effect on breast cancer development with a
short-term increase in risk (up to 5 or 10 years
after gestation) and a protective effect afterwards
[11, 12].
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10.2 Histologic Findings

Notable studies have discussed histologic find-
ings, prognostic markers, and survival of PABC
compared with non-PABC. There are no obvious
differences in histologic types of breast cancer
among PABC and non-PABC. Invasive ductal
carcinoma, not otherwise specified (NOS), is the
most prevalent type of tumor in PABC; represent-
ing 78-88% of cases [13, 14] (Fig. 10.1). Invasive
lobular carcinoma is reported with a very low fre-
quency in some studies [15, 16]. Mucinous, med-
ullary, and other types of carcinoma are also
reported.

Ductal carcinoma in PABC reveals a higher
histologic grade, a more aggressive profile, and a
more advanced stage at diagnosis: a larger tumor

Fig. 10.1 Invasive ductal carcinoma, not otherwise spec-
ified (NOS) type in a 37-year-old woman, 7 months post-
partum. (a) Predominantly solid nests of tumor cells with
remarkable foci of necrosis. (b) High magnification view

size, a higher frequency of nodal involvement, a
less frequent expression of estrogen receptors
(ERs) and progesterone receptors (PRs), and a
higher proportion of inflammatory breast cancer
[13-18] (see also Chaps. 11 and 20).

In a systematic review of 14 case-control, age-
matched studies by Marikakis et al. [19], it was
observed that the frequency of ER- and
PR-negative breast cancers in PABC is signifi-
cantly higher than non-PABC.

Bae et al. [8] in an assessment of 2810 patients
with breast cancer diagnosed at an age of less
than 40 years, including 2770 non-pregnant
young patients with breast cancer and 40 PABC
cases, found that PABC had significantly lower
ER and PR positivity and higher HER2 overex-
pression. The most common subtype of tumors in

of tumor necrosis. (¢) Presence of numerous mitotic fig-
ures including atypical forms. (d) Rarity of tubule
formation
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PABC was triple-negative, and luminal A was
less prevalent. In univariate analysis, PABC had
worse breast cancer—specific survival (BCSS)
and disease-free survival (DFS) but in multivari-
ate analysis, DFS showed no significant differ-
ences. In assessment of subtypes, luminal B
subtype showed worse DFS and BCSS compared
with young breast cancer, especially when Ki67
levels were higher; but no differences were seen
in other subtypes.

In a retrospective matched case-control study,
thirty-one PABC patients were analyzed by
Madaras et al. [20], and pathologic features,
including histopathology information on tumor
type, grade, tumor size, lymph node involvement,
lymphovascular invasion, Nottingham Prognostic
Index, and associated in situ lesions and immu-
nohistochemical characteristics (ER, PR, HER2,
Ki67, and p53) were assessed and compared with
the control group. It was found that the histopath-
ologic features of the tumor were not signifi-
cantly different between groups, but the incidence
of high-grade extensive ductal carcinoma in situ
was higher among patients with PABC. HER2
overexpression revealed no difference between
PABC and the control group. Proliferative activ-
ity (Ki67) was above 15% in all PABC, and lumi-
nal B and triple-negative cases were the most
common subtypes in PABC. Finally, this study
demonstrated the inferior outcome of PABC,
especially for those detected postpartum, in com-
parison with the control young non-PABC group.

In a retrospective chart review study done by
Genin et al. [21], 41 cases of PABC were com-
pared with 235 breast cancer patients younger
than 45 years. They found that PABC was locally
more advanced with a greater size but did not
have a higher frequency of lymph node invasion.
In comparison of prognostic profiles, PABC was
associated with HER2 overexpression and hor-
mone receptor negativity that were twice more
frequent; triple-negative tumors were also more
frequent in PABC. This poorer phenotype was
largely related to postpartum tumors rather than
to tumors during pregnancy.

In a case-control study by Azim et al. [22], 65
PABC patients (diagnosis of breast cancer during
pregnancy) were compared with 130 age-matched

controls and it was revealed that there was no dif-
ference in tumor features and subtypes between
the PABC and control groups. Most tumors were
ductal carcinoma, NOS, and poorly differenti-
ated. A common subtype was HER2-negative
luminal B tumors.

Relevant data of the above and several other
pertinent studies are summarized in Table 10.1.

It is worth noticing that in multiple studies,
postpartum breast cancers (PPBCs) have been
evaluated as a unique entity, separate from breast
cancers diagnosed during pregnancy (PBC).

Boudy et al. [23], in a retrospective study of
108 PABC cases, compared 51 patients with
breast cancer during pregnancy with 57 patients
diagnosed in the postpartum period. In this study,
medium size, initial axillary pathology, histologi-
cal type, and hormone receptors were similar
between PBC and PPBC. HER2 overexpression
was less frequent, and proliferative activity
(Ki67) was lower in PBC than PPBC.

Another meta-analysis of 30 studies carried
out by Azim et al. [24] not only confirmed that
PABC was associated with poor prognosis, poor
overall survival, and higher risk of recurrence
even after adjustment for confounding factors;
but also revealed that these findings were
particularly obvious in patients diagnosed in the
1-year postpartum period rather than in PBC (see
also Chap. 11).

In a meta-analysis of 41 studies by Hartman
and Eslick [25], 4929 cases of PABC were com-
pared with 61,041 patients of the control group,
reporting an increased risk of death among
patients with PABC compared with the non-
pregnant control group. PPBC had the poorest
overall survival in comparison with PBC and the
control group. In addition, PPBC cases were the
most at risk of disease progression or relapse.
Overall, according to the death rate and DFS, the
highest risk periods were during pregnancy and
up to 1 year postpartum; however, an increased
risk was evident up to 5 years postpartum.

In a multicenter cohort study performed by
Goddard et al, 701 breast cancer patients aged
45 years or younger were analyzed. It was found
that a diagnosis of PPBC within 10 years appears
to be associated with an increased risk for metas-
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Table 10.1 Some studies comparing cellular and molecular prognostic characteristics and survival in pregnancy- and
non-pregnancy-associated breast cancer

First author, | Number
year of PABC | Study type Histologic features | Immunohistochemistry features | Survival
Ishida, 1992 | 192 Case-control Larger T, more Less ER,PR + Worse
[30] LN +, more LVI+ survival
Bonnier, 154 Retrospective, Larger T, more Less ER,PR + Worse OS
1997 [13] multicenter LN +, more IBC and DFS
Middleton, 39 Cross-sectional Higher tumor Less ER,PR +; higher Similar
2003 [28] grade, more Ki67index

advanced stage
Halaska, 32 Retrospective, Similar More ER — Similar
2009 [31] case-control
Azim, 2012 65 Case-control Similar Similar ER, PR, HER2, Ki67 Worse
[22] DES,

similar OS

Murphy, 99 Retrospective, Higher tumor Less ER,PR + Similar
2012 [17] single institute grade, more

advanced stage
Genin, 2012 41 Retrospective, More aggressive Less ER,PR +, more HER2 + -
[21] chart review features, more

advanced stage
Madaras, 31 Retrospective, More high grade Less ER,PR +, similar HER2, Worse
2013 [20] case-control DCIS higher Ki67, more TN, more DEFS and

luminal B (0N
Langer, 117 Retrospective, Higher tumor Less ER,PR + Debated
2014 [32] single institution grade, more LN +
Johansson, 778 Cohort, More advanced Less ER,PR +, more HER2 +, Similar
2018 [33] case-control stage more TN
Bae, 2018 40 Retrospective, - Less ER,PR +, more HER2+, Worse
[8] database more TN, less luminal A DFS and
information BCSS

BCSS breast cancer specific survival; DFS disease free survival; ER Estrogen receptor; /BC inflammatory breast cancer;
LVI lymphovascular invasion; OS overall survival; PABC pregnancy-associated breast cancer; PR Progesterone recep-
tor; 7 tumor size; TN triple negative tumor

tasis. This increased risk was highest in stages 1
and 2 at diagnosis and present in both groups of
ER-negative and ER-positive patients. PPBC was
not associated with increased proliferative activ-
ity (Ki67) but was associated with increased lym-
phovascular invasion and lymph node
involvement compared with breast cancer in nul-
liparous young patients. The end point of analy-
sis was distant metastasis-free survival. They
concluded that diagnosis of breast cancer in ages
45 years or younger within 10 years after child-
birth (PPBC) is as an independent, adverse prog-
nostic factor and leads to a twofold increase in
metastasis compared with a nulliparous patient
[26].

Previous studies showed that breast cancer at a
young age (<45 years) is associated with inferior

survival and unfavorable clinicopathologic fea-
tures. Breast cancer in young women illustrates
larger tumor size, higher HER2 overexpression,
lower hormone receptor positivity, higher grade
of tumor, and more frequent lymph node involve-
ment. The gene profile expression is also unique
and different in young women [27]. According to
these findings and the young age of patients with
breast cancer during pregnancy or lactation, we
can conclude that the poor prognosis and histo-
pathologic features of PABC are similar to those
of breast cancer in young women. Actually,
PABC shares many histologic, prognostic, and
gene profiling similarities with breast cancer in
young women [28]. Some studies assessed the
pathogenesis of PABC to explain the poor prog-
nosis of these tumors.
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Genin et al. [29] investigated the underlying
reason for poor prognosis of PABC and evaluated
angiogenesis and lymphangiogenesis as prognos-
tic factors in breast cancer. They found that
angiogenesis but not lymphatic angiogenesis was
significantly increased in the tumor and healthy
breast tissue of patients with PABC compared
with controls.

Xu et al. [34] showed the absence of p63 and
WT-1 expression in a vast majority of myoepithe-
lial cells, cytoplasmic localization of p63 in the
entire epithelial cell population of some lobules,
and a substantially increased WT-1 expression in
vascular structures of the invasive cancer compo-
nent of PABC in comparison with that of non-
PABC. All or nearly all epithelial cells with
aberrant p63 and WT-1 expression lacked the
expression of ER and PR, whereas they had a
substantially higher proliferation index than their
counterparts with p63 and WT-1 expression.

Harvell et al. [35], in an assessment of the
cause of different behavior and prognosis of
PABC compared with non-PABC, revealed that
immunity-related genes were enriched in tumor-
associated stroma of PABC. Compared with nor-
mal stroma, PABC-associated stroma
overexpressed immune response genes, whereas
genes involved in angiogenesis and extracellular
matrix deposition were more commonly down-
regulated. Moreover, immunomodulators and
genes encoding cell proliferative factors, signal-
ing, and cell death, were hormone-regulated in
stroma.

Azim et al. [36] showed that 2 pathways were
enriched in tumors diagnosed during pregnancy:
the G protein—coupled receptor pathway and the
serotonin receptor pathway. Tumors diagnosed
during pregnancy had a higher expression of
PD1, PDL1, and gene sets related to SRC, IGF1,
and f-catenin in PABC in comparison with non-
PABC. In another work, Azim et al. [37] showed
that among PABC, those with a triple-negative
profile revealed higher tumor-infiltrating lym-
phocytes (TIL), which is consistent with earlier
studies in the non-pregnant setting.

In summary, PABC is a rare condition, and
controversies about prognosis, histologic fea-
tures, and biomarker profiles exist. In most stud-

ies, breast cancer diagnosed during pregnancy
and postpartum is associated with a more
advanced stage, a larger tumor size, and a higher
histologic grade; and postpartum tumors show
more adverse outcomes in comparison with
tumors during pregnancy. Also, expression of
hormone receptors is less frequent and triple-
negative and luminal B subtypes are more fre-
quent in PABC than in non-PABC.
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and Prognosis of Pregnancy-
Associated Breast Cancer
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Abstract

Breast cancer in pregnancy is a rare entity
generally presenting as a persistent breast
mass, but is often a delayed finding due to the
expected physiologic changes in the breast
related to pregnancy and lactation. The pre-
ferred diagnostic workup of a persistent
breast mass involves a combination of mam-
mographic and ultrasonographic evaluation in
addition to tissue diagnosis via core biopsy;
breast MRI is not recommended. Surgical
excision should be reserved for definitive
treatment in order to minimize fetal exposure
to anesthesia. Evaluation for distant meta-
static spread can be performed using radio-
graphs and ultrasound to limit fetal radiation
exposure. Similar to the non-pregnant patient,
prognosis is primarily driven by tumor biol-
ogy, however, there is limited and conflicting
data regarding the impact of pregnancy on
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breast cancer outcomes with a distinct differ-
ence in survival among patients with breast
cancer during pregnancy compared to those
diagnosed postpartum.
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11.1 Overview

In general, the differential diagnosis of a breast
mass in premenopausal women is broad and
encompasses benign entities such as abscess,
fibroadenoma, phyllodes tumor, lipoma, fat
necrosis, fibrocystic disease, galactocele or cysts;
benign etiologies are far more common than
malignancy in this age group. As this population
does not routinely undergo breast screening,
image-detected lesions without a palpable physi-
cal finding are extremely rare (see also Chaps. 4,
5 and 6).

Many benign breast entities can be diagnosed
with imaging and do not require invasive inter-
vention, such as fibrocystic breast disease or
breast cysts. Fat necrosis is usually a post-
traumatic or postoperative finding and frequently
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can be diagnosed with mammogram and sono-
gram in conjunction with a consistent clinical
history. Breast abscesses present with skin ery-
thema, induration, and/or fever, and can be asso-
ciated with lactation, smoking, diabetes or other
systemic illnesses; these may or may not require
surgical intervention (see also Chap. 7). Solid
lesions are often diagnosed by core needle biopsy
or surgical excision, such as phyllodes tumors
and symptomatic or enlarging fibroadenomas.
Galactoceles generally develop months after dis-
continuation of lactation (see also Chaps. 6 and
19).

Breast cancer is an uncommon diagnosis in
this age group, with only 0.3% of all breast can-
cers occurring in women between the ages of 20
and 29 [1] and has been associated with a signifi-
cant delay in diagnosis [2]. As women more fre-
quently delay child-bearing, breast cancer is now
the most common malignancy diagnosed during
pregnancy, with an estimated incidence of 1 in
3000 pregnancies in the United States [3, 4] (see
also Chap. 9).

11.2 Clinical Presentation

The most common clinical presentation of breast
cancer in the pregnant population is a persistent,
palpable breast mass, often markedly increasing
in size disproportionately to the surrounding and
evolving breast tissue in a gravid woman. During
pregnancy, accessory breast tissue may also
swell and present as an enlarging mass in the
axillary tail of the breast or in the axilla and may
be considered for excision in the postpartum
period.

Common  presenting  complaints  in
pregnancy-associated breast cancer (PABC)
include a painless palpable mass, skin thicken-
ing, or asymmetric breast swelling. Patients and
physicians may mistakenly attribute these find-
ings to the normal physiologic changes of the
breast in pregnancy. Normal physiologic
changes, such as increased density of breast tis-
sue, can also make palpation of a mass more dif-
ficult and contribute to a delay in diagnosis (see
also Chaps. 1 and 2).

11.3 Diagnostic Evaluation

Diagnostic workup of a pregnant patient with a
palpable breast mass includes a detailed history
of both the presenting complaint as well as an
obstetric history with particular attention to dates
of conception and delivery. Assessment with
physical exam, diagnostic breast imaging, and
pathologic tissue sampling should follow
promptly if there is any suspicion for malignancy.
Focused breast imaging consists of mammogra-
phy and ultrasound; digital mammography is pre-
ferred if available, especially in women whose
breast density may be increased by both lacta-
tional changes and normal tissue (Fig. 11.1).
Mammography is considered safe in pregnancy
with appropriate abdominal shielding and can
visualize calcifications, masses and architectural
distortion with approximately 86% sensitivity
[5]. A study evaluating mammography and ultra-
sonography for identification of breast cancer
during pregnancy reported 23 gravid women with
known cancers imaged prior to surgery [6].
Mammography identified malignancy in 18/20
(90%) of patients. Of the 20 women who under-
went breast ultrasound, all breast malignancies
were correctly identified. Axillary metastases
were correctly identified in 15/18 (83%) of
women who underwent nodal ultrasound. This
study also demonstrated accurate assessment of
chemotherapy response by ultrasound features. It
concluded that mammography can identify breast
cancer during pregnancy despite dense breast tis-
sue but ultrasound may provide more information
including nodal disease and response to neoadju-
vant chemotherapy (see also Chap. 3).
Assessment of clinical axillary lymphadenop-
athy on physical exam is the most readily avail-
able method of clinical assessment of regional
disease, however, physical examination of the
axilla is known to greatly over- and under-
estimate clinical disease burden [7]. Ultrasound
of the axilla as an adjunct may improve sensitiv-
ity of detecting axillary metastases [6]. Regional
assessment of the axilla affects recommendations
for chemotherapy, surgery and radiation therapy
in patients with invasive breast cancer; percuta-
neous biopsy of an abnormal node may signifi-



11 Clinical Presentation, Diagnosis and Prognosis of Pregnancy-Associated Breast Cancer 89

10HS30 150MM

Fig. 11.1 Inflammatory breast cancer in a 32 year-old woman, 1 month pregnant. Multifocal lesions in (a) mammog-

raphy, (b) ultrasound. (Courtesy of Dr. Adriana Langer)

cantly impact the treatment plan for a pregnant
patient (see also Chap. 4).

Breast magnetic resonance imaging (MRI)
with gadolinium contrast is often used in evaluat-
ing the extent of disease in non-pregnant patients
with breast cancer, especially in those with dense
breast tissue and lobular histology. A recent study
demonstrated significant increase in neonatal
rheumatological, inflammatory or infiltrative
skin conditions, stillbirth or death associated
with gadolinium exposure at any time during
pregnancy [8]. Considering the prone position
and the concerns regarding fetal exposure to gad-
olinium, breast MRI is not considered a safe
modality for diagnostic workup of a breast mass
in pregnant patients. In the postpartum setting,
MRI can be performed but interpretation may be
limited due to increased density and vascularity

of lactating breast tissue (Fig. 11.2) (see also
Chap. 3).

After appropriate diagnostic imaging, patho-
logic tissue assessment of a breast mass is criti-
cal. The current recommended modality for
pathologic diagnosis is via image-guided, percu-
taneous core biopsy with clip placement [9]. This
is most often done under ultrasonographic guid-
ance but can be done under mammography if the
abnormality is not detected with ultrasound. If
the pathology result is discordant with diagnostic
imaging, surgical excision should be considered.
It is important to note that the proliferative lacta-
tional changes in normal breast tissue may be
mistaken for atypia or even malignancy on cytol-
ogy, so core needle biopsy is highly preferred
over fine needle aspiration to minimize the pos-
sibility of a false positive diagnosis of malig-
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Fig. 11.2 T2-weighted
breast MRI of a woman
performed 10 days
postpartum. A malignant
phyllodes tumor distorts
the left breast. Note
diffusely dense lactating
breast tissue bilaterally

nancy (see also Chap. 4). Surgical excision in lieu
of percutaneous biopsy, though feasible, confers
higher risk than a diagnostic core biopsy for ini-
tial pathologic tissue evaluation of any patient,
pregnant or not, with a palpable breast mass [10].
Furthermore in the pregnant patient, every
attempt should be made to establish the patho-
logic diagnosis percutaneously to avoid addi-
tional surgical procedures and anesthesia, thereby
minimizing the risk to the pregnant patient as
well as the fetus.

Further evaluation and treatment of benign
breast findings in pregnant patients may be
deferred until the postpartum period; however, a
diagnosis of breast cancer during pregnancy
warrants immediate attention. Invasive breast
cancer is treated in a multidisciplinary approach,
which may include surgery, chemotherapy or
radiation. For the pregnant patient, the timing
and order of treatment is often determined by
gestational age as well as the stage of the cancer
at diagnosis. Termination of the pregnancy does
not improve outcomes and should not be recom-
mended to patients in the context of breast can-
cer-related survival [2, 11]. Patients may safely
undergo both local and systemic cancer treat-
ment while maintaining their pregnancy,
although radiation therapy is deferred until after
delivery. Early planned delivery may be consid-
ered if felt to affect maternal oncologic outcomes
(see also Chaps. 12 and 21).

J.Sunand M. C. Lee

Pregnant patients with an invasive breast can-
cer diagnosis, particularly those with biopsy-
proven axillary disease, should also have staging
studies performed. In the non-pregnant patient,
either a whole body positron emission tomogra-
phy (PET) scan or a computer tomography (CT)
scan of the chest and abdomen with a bone scan
are considered appropriate. However, these scans
should be deferred until delivery in pregnant
patients. Staging with a chest radiograph (with
abdominal shielding) and an ultrasound of the
liver is adequate for pregnant patients until the
postpartum period. MRI of the brain without gad-
olinium contrast for patients with symptoms is
considered safe. To evaluate for bone metastases
when clinically indicated, MRI without contrast
may be performed. Radionuclide bone scans are
not recommended during pregnancy. However,
modifications to radionuclide scans in gravid
women have been described [12, 13]. Reduction
in the dose of the tracer and an increase in imag-
ing time appear to minimize radiation dose to the
fetus [14]. Any lesion which is suspicious for dis-
tant metastatic disease on staging studies war-
rants a percutaneous biopsy, as patients with
distant metastatic disease are not considered
automatic surgical candidates. Central to the
management of breast cancer in the pregnant
patient is a multidisciplinary team consisting of
surgical oncology, medical oncology, radiation
oncology and maternal fetal medicine in develop-
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ing a comprehensive treatment plan with the two-
fold goal of maximizing breast cancer related
outcomes while optimizing perinatal care for safe
delivery of a healthy baby.

11.4 Prognosis

The impact of pregnancy on breast cancer out-
comes is not clear and outcome data for this pop-
ulation is limited. PABC encompasses breast
cancer diagnosed in pregnancy and up to 1 year
postpartum, however, the most recent data sug-
gests that outcomes are different between these
two groups, with improved outcomes for women
receiving treatment during pregnancy compared
to women diagnosed in the postpartum setting
(see also Chap. 10).

In general, PABC is less frequently hormone
receptor positive and the frequency of HER2
expression varies in the literature, similar to non-
pregnant breast cancer patients in this age group
(Table 11.1). Multiple publications from institu-
tions in the United States, Europe and Asia dem-
onstrate significantly decreased overall survival
among pregnant patients, in addition to presenta-
tion with more advanced disease, larger tumors
and increased proportion of receptor negative
cancers compared to age-matched non-pregnant
patients [15-19].

Zhang et al. [20] found a trend to worse prog-
nosis which did not reach statistical significance
among women in China. A case-control study by
Azim et al. [21] matched 65 patients with PABC
to non-pregnant breast cancer patents in a 1:2
fashion. They found no differences in tumor
characteristics, however PABC patients had infe-
rior disease-free survival. PABC patients also had
worse overall survival once patients who had not
received neoadjuvant therapy were excluded.
Also, A meta—analysis of 30 studies suggested an
increased risk of death among women with PABC
(Hazard Ratio; HR = 1.44). The authors found a
trend to poorer prognosis if the cancer was diag-
nosed in the postpartum setting (HR = 1.81,
p-value =0.12) [22]. A more recent meta-analysis
of 41 studies in 2016 also demonstrated an over-
all increased risk of death among pregnant

patients compared to non-pregnant controls,
again with the worst outcomes in women diag-
nosed postpartum [23] (see also Chap. 10).

In contrast, several case-control studies found
no worsening of prognosis [24-27] and even
potentially improved outcomes [28]. Amant et al.
[29] described a series of patients with PABC,
excluding those diagnosed in the postpartum set-
ting. Adjusting for a variety of factors (age, stage,
grade, hormone receptor status, HER2 status, his-
tology, type of chemotherapy and postpartum
therapies such as trastuzumab, radiotherapy and
endocrine therapy), the hazard ratios were not
statistically significant. Another large retrospec-
tive analysis was performed on 668 cases of
breast cancer, 104 of whom were pregnancy-
associated [30]. In this series, there were no sta-
tistically significant differences in outcomes

Table 11.1 Immunohistologic features of PABC

HER2
First author, Sample | ER+ | PR+ | expression
year size (%) (%) (%)
Elledge, 1993 120 6 10 7 (58)
[33] (50) (83)
Middleton, 25¢ 7 6 7 (28)
2003 [3] (28) (24
Reed, 2003 20 4 6 8 (44)
[34] (22) 1(33)
Beadle, 2009 104 36 30 Not
[30] (35) |(29) | reported
Halaska, 2009 30° 11 11 10 (33)
[25] 37 |37
Azim, 2012 65 43 42 11(17)
[21] (66) | (65)
Murphy, 2012 99 39 26 20 (20)
[27] 39) |(26)
Basaran, 2014 20 14 14 5(25)
(4] (70)° | (70)°
Madaras, 2014 | 31 13 4 6 (20)
[35] 42) | (13)
Strasser- 109 58 39 12(11)
Weippl, 2015¢ 53) | (36)
[36]
Johansson, 97 31 34 8 (8)
20184 [37] (32) |(35)

“Number of patients assessed with immunohistochemistry
results

°ER or PR positivity reported together

¢Significant number of hormone receptor statuses were
unknown

YPABC diagnosed while pregnant, not including postpar-
tum period
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among the two groups and a trend to improved
OS at 5-years (p-value = 0.068) for those who
received some treatment during pregnancy. A
population-based retrospective review of PABC
in Sweden also did not identify a significant dif-
ference in breast cancer mortality between PABC
and non-PABC patients when controlled for age
[19].

Although the relationship between pregnancy
and outcome is not clear, the data consistently
underscore a pattern of later presentation and
higher stage of PABC at presentation compared
to non-pregnant cases. Not surprisingly, treat-
ment delays can have a negative effect on out-
come, although these delays likely occur in the
diagnosis of PABC, rather than in initiation of
treatment [31]. Another consideration is substan-
dard administration of chemotherapy in patients
prior to evidence of its safety during pregnancy,
which would also lead to worse outcomes in
PABC [32]. Given the variations in setting, tim-
ing and resources of these various relatively
small studies, the difference in outcomes is attrib-
uted to the heterogeneity of data and paucity of
cases overall.

In summary, any pregnant patient who pres-
ents with signs or symptoms suggestive of breast
cancer must be evaluated promptly. Given the
clinical finding of a persistent or enlarging breast
mass in the setting of lactation-related breast
changes, physicians should have a low threshold
for imaging evaluation of a persistent breast find-
ing in a pregnant patient. PABC is associated
with a delay in diagnosis. A delayed or late pre-
sentation of PABC may contribute to the differ-
ence observed in outcomes among women
receiving treatment during pregnancy compared
to those receiving a PABC diagnosis in the post-
partum setting. Our understanding of the true risk
that PABC confers to a patient continues to
evolve, with conflicting data as to the contribu-
tion of pregnancy to overall survival and other
treatment outcomes.
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Abstract

Surgery in the form of both mastectomy and
breast conservation is the main step in the
treatment of breast cancer. Numerous studies
have shown an equivalent long-term survival
for breast conserving surgery (BCS) and mas-
tectomy. Patients desire and tumor character-
istics, especially size and multicentricity, are
the key factors that affect the decision between
these two types of surgery. Patients with any
contraindication for radiotherapy or previous
history of radiation to the breast field are not
suitable for BCS. There are few absolute con-
traindications for BCS, and early pregnancy is
listed among them; mastectomy is preferred in
the first trimester of pregnancy to avoid the
impact of delaying radiation therapy on out-
come of the cancer.
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12

12.1 Surgery of the Breast-
Mastectomy versus Breast

Conserving Surgery

Total mastectomy still remains the standard local
treatment of the breast in Pregnancy-Associated
Breast Cancer (PABC) in the first trimester of
pregnancy when the patients desire to continue
their pregnancy. Because breast tissue conserved
during surgery needs to undergo radiation ther-
apy, and this modality can be carried out in the
postpartum period only, breast conserving
surgery (BCS) can merely be offered to women
who are not very far from delivery. However,
radiation can be administrated 3—6 weeks after
completing systemic therapy in women who need
adjuvant chemotherapy, so that systemic therapy
in the second and third trimesters can fill the
period between BCS and postpartum radiation,
allowing BCS to be considered as a suitable tech-
nique in this group. Total mastectomy should not
be favored only because of pregnancy and possi-
ble delay of radiation when another treatment
(systemic therapy) is considered in the gap, or
when the interval between surgery and radiation
is acceptable. The suitable options for breast sur-
gery in PABC are demonstrated in Fig. 12.1.

In a study comparing medical records of 273
patients with PABC and 273 non-PABC controls
from a Swedish database, the rate of mastectomy
was significantly higher in the PABC group from
1992 to 1997 (74% versus 46%), but not in the
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If adjuvant chemotherapy is expected based on tumor characteristics
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Fig. 12.1 Type of surgery of the breast and axilla for
pregnancy-associated breast cancer in different trimesters;
when two types of surgery are allowed, the choice depends
on tumor characteristics and patient preference. Blue dye

period from 2004 to 2009 (69% versus 63%) [1];
which demonstrates a trend toward more frequent
treatment of PABC with BCS.

Similar survivals has been reported with BCS
and mastectomy in PABC [2, 3]. Kuerer et al. [2]
reported no difference in disease-free and overall
survival comparing BCS and modified radical
mastectomy in stages I and II of PABC in 1996.
Rodrigez et al. [3] reported similar survival
between these 2 types of surgery in PABC after
controlling for age, race, tumor size, hormone
receptor status, and stage.

12.2 Surgery of the Axilla- Lymph
Node Dissection versus
Sentinel Lymph Node Biopsy

Axillary lymph node dissection was traditionally
the standard of care in PABC because the rate of
axillary lymph node involvement was reported to

Total mastectomy

SLND

SLNL

should not be used for sentinel lymph node dissection in
pregnancy. ALND Axillary Lymph Node Dissection, BCS
Breast Conserving Surgery, SLND Sentinel Lymph Node
Dissection

be higher than 50% at the time of diagnosis [4, 5].
Presently, due to the increasing number of node—
negative cases of PABC, a considerable number
of patients might benefit from sentinel lymph
node biopsy (SLNB). The suitable options for
axillary surgery in PABC are demonstrated in
Fig. 12.1.

Considering that SLNB necessitates in-breast
injection of radioisotope-labeled colloids or blue
dyes, performing this procedure has some limita-
tions during pregnancy.

Injection of isosulfan blue is not recom-
mended because of the potential risk of teratoge-
nicity, but in 30 pregnant patients with breast
cancer or melanoma who received blue dye for
SLNB, all gave birth to a healthy child, except for
one who had electively terminated her pregnancy
[6]. Both isosulfan blue and methylene blue are
Food and Drug Administration (FDA) category C
drugs during pregnancy, and anaphylactic shock
has been reported with the use of isosulfan blue
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dye [7, 8]. As well, intestinal atresia and fetal
demise have been reported with the use of methy-
lene blue dye in gravid women, and fetal methe-
moglobinemia was reported only with the use of
an intra-amniotic cavity injection. In the 1980s,
methylene blue used to be injected in the amni-
otic cavity for diagnosis of premature membrane
rupture; severe adverse effects such as fetal intes-
tinal atresia and respiratory distress were reported
consequently [9]. However, its circulating level
and potential dosing to the fetus following sub-
areolar injection had been examined by Pruthi
et al., and they showed that as much as 5% of the
administered dose of methylene blue in a sub-
areolar injection could reach the fetus; so if the
pregnant patient refuses a radioisotope injection
or sentinel nodes fail to be mapped with a radio-
isotope, the injection of dilute methylene blue
with a low risk of fetal complications has been
proposed [10].

Khera et al. used patent blue on 8 pregnant
women and found sentinel node(s) in all of them
without complications [11]. Similarly, Gropper
et al. used methylene blue in 7 gravid mothers
and found sentinel node(s) in all of them without
any obstetric complication; only 1 child was born
with a cleft palate, but the mother was a smoker
and had methadone consumption during preg-
nancy [6]. Despite this evidence, guidelines by
the European Society for Medical Oncology
(ESMO) discourage the use of blue dye during
pregnancy because of the risk of anaphylaxis
[12].

Injection of radioisotopes for SLNB raises the
concern of fetal radiation exposure. Keleher et al.
found the maximum dose of fetal radiation to be
0.43 mGy, which was lower than the recom-
mended threshold and much lower than other
nuclear medicine procedures that could be per-
formed during pregnancy [13].

Pandit-Taskar et al. found that the maximal
dose of radioactivity to which a fetus was exposed
during SLNB was 0.014 mGy for an 18.5 MBq
injection. As well, the effective dose to the whole
body was estimated at 0.245 mSv in non-pregnant
women of childbearing age, much below the
50 mSyv threshold set by the National Council on
Radiation Protection for pregnant women [14].

Gentilini et al. estimated the maximal absorbed
dose of radiation from SLNB by placing a dosim-
eter around the abdomen of 26 non-pregnant
women. A single peritumoral injection of 0.2 mL
Tc- labelled human albumin colloid was adminis-
tered. In 23 patients, the absorbed dose was lower
than the sensitivity of the dosimeter. In the
remaining 3 patients, the absorbed dose to the
epigastrium, umbilicus, and hypogastrium was
below the threshold (40-320, 120-150, and
30-40 GY, respectively) [15]. Results of SLNB
in 12 pregnant women by the same author showed
the safety of the procedure. In total, 11 normal
weight babies were born without complication,
and 1 baby had heart failure because of a ven-
tricular septal defect which had been detected by
echocardiography performed at week 21 of ges-
tation before SLNB was done at 26 week of uter-
ine life [16].

In a study by Cardonick et al. on 30 pregnant
women who underwent SLNB, 9 (30%) had
adverse pregnancy events including 2 miscar-
riages in the first trimester, 3 low birth weight, 2
prematurity complications, and 2 malformations
[17].

In a large recent cohort from seven different
countries, 145 women who underwent SLNB
during pregnancy were identified from the
International Network on Cancer, Infertility and
Pregnancy; the German Breast Group; and the
Cancer and Pregnancy Registry [18]. Twelve
patients out of these were from Italy and had
been reported in 2010 as well [16]. Mapping was
unsuccessful in only 1 patient (0.7%, 1/145) and
axillary recurrence was very low after 48 months
(0.7%); positive sentinel nodes were found in 43
patients (29.7%), and locoregional recurrence
occurred in 11 cases. The high identification rate
and the low axillary recurrence in this interna-
tional cohort suggest oncologic safety of SLNB
for the mother, and the authors recommended
SLNB in pregnant women with the same indica-
tion as non-pregnant cases, using radioactive col-
loid and single-day protocol.

In addition to the type of injection used for
SLNB in pregnant women, the appropriate pro-
tocol regarding timing of the injection should be
contemplated, too. The same day or 1-day proto-
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col involves injecting the radioactive-labelled
colloid on the same day of the operation; whereas
in the 2-day protocol, injection is carried out the
day before surgery. In SLNB performed in preg-
nancy, the one-day protocol is preferred to
reduce the time between lymphoscintigraphy
and surgery. Because the radioactive tracer is
localized at the injection site and in the sentinel
node that is subsequently removed by surgery,
this protocol will reduce the risk of fetal
exposure.

12.3 Breast Reconstruction after
Mastectomy - Immediate
versus Delayed Reconstruction

Delayed reconstruction is preferred in patients
with PABC to decrease the time of anesthesia and
complications of surgery, this also improves the
cosmetic results of reconstruction (see also Chap.
26). Therefore, autologous tissue reconstruction
should be delayed, but placement of a tissue
expander is possible; this has been reported in 2
case series.

In the first series, Lohsiriwat et al. in 2013
reported 2-stage reconstructions by tissue
expander in 12 patients with PABC and 1 with a
definitive implant, without major complications
or any fetal malformation [19].

In the second report by Caragacianu et al. in
2016, 10 of 29 patients with PABC had immedi-
ate reconstruction by tissue expander, and
although the mean time of operation increased
from 157 to 198 min, it did not lead to obstetrical
and fetal complications [20].

Tissue expander insertion at the time of mas-
tectomy seems to be safe during pregnancy and
does not increase the morbidity of the surgery.
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Abstract

During pregnancy and lactation, breast vascu-
larity increases and edema occurs in the breast.
As a consequence, rate of complications of
breast biopsy and surgery like bleeding, infec-
tion, delayed healing and wound dehiscence is
expected to be higher. Milk fistula is a rare
event that may complicate surgery or needle
biopsy of the breast in a breastfeeding woman,
or in late stages of pregnancy. Suppression of
lactation has been proposed in the literature as
both a preventive and a therapeutic step.
However, the advantages of nursing for both
mother and child are numerous, and the author
do not propose it as a preventive measure nor
as a must in treatment of milk fistula.
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Prevention and management of milk fistula
are discussed in this chapter.

Keywords
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13.1 Overview

Like any other intervention on body parts, proce-
dures performed on the breast can result in some
complications. Most of these are not related to
the site of the operation and are similar to proce-
dures performed in other body areas, and some
are mostly site-specific.

Sampling techniques as fine needle aspiration,
core needle biopsy, and vacuum assisted biopsy
have fewer adverse outcomes, while complica-
tions occur more frequently consequent to sur-
geries; the more extended or complex the
operation, the more common and severe the com-
plications. Some of these negative consequences
may follow any type of invasive intervention,
whereas certain are specific to procedures of the
breast.
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13.1.1 Local Complications of Needle
Biopsy of Breast Lesions

Hemorrhage, bruising and hematoma of the
biopsy site are the most common complications
of needle biopsy of the breast. After performing
the biopsy, manual compression should be
applied for 5-10 min on the site; this normally
results in no further bleeding [1, 2]. If hemor-
rhage continues, it is defined as excessive bleed-
ing. The consequence can be either bruising or a
hematoma. Bruising, sometimes extensive, may
spread over a large part or all of the breast, and
even contiguous structures; this picture is exag-
gerated 2448 h after the biopsy. An incidence of
around 13% has been reported for post-biopsy
bruising (of any size) in the breast, while figures
are higher and about 22% for patients under anti-
coagulant medications. Rarely, hematoma ensues
secondary to post-biopsy in-breast hemorrhage.
The incidence has been mentioned as 1% [2] and
is interestingly no higher in coagulation disor-
ders. Treatment of excessive bleeding generally
only consists of manual compression till bleeding
stops; this may sometimes take 20-30 min. Very
seldom, control of hemorrhage warrants surgery
or angiographic embolization [1, 2]. The ecchy-
mosis and swelling generally disappears sponta-
neously after several days to weeks; warm
compresses can accelerate the process.
Arteriovenous fistula and pseudoaneurysm are
also rare consequences in excessive bleeding and
need more sophisticated proceedings for proper
diagnosis and treatment [1, 2].

The second most common complication of
needle biopsy of the breast is infection, which
includes mastitis and abscess [1]. The incidence
of infection secondary to needle biopsy of the
breast is very low and can be kept to a minimum
by observing aseptic technique [3, 4]. Both the
clinical picture and management options are alike
mammary infectious conditions that occur
regardless of any intervention on the breast (see
also Chap. 7) [1].

Other complications that can very occasion-
ally occur after needle biopsy of the breast
include bloody nipple discharge, which happens
secondary to bleeding in a duct traumatized by

the needle; and pneumothorax due to intrusion of
the needle into the chest cavity [3].

Tumor seeding has been mentioned as a poten-
tial adverse consequence of needle biopsy in
malignant lesions of the breast, and theoretically
consists of dislodgement of malignant cells from
the tumor throughout the needle tract. The inci-
dence is unknown but must be very low if any;
the probability of tumor recurrence due to growth
of implanted cells in the biopsy tract can be mini-
mized by excision of the tract at time of cancer
surgery [1].

13.1.2 Local Complications
of Surgery of the Breast

As in most other surgeries, operation on the
breast can lead to several local complications.
Namely, these consist of surgical site infection,
hemorrhage, hematoma, seroma, delayed heal-
ing, wound dehiscence, bloody nipple discharge,
fat necrosis, flap necrosis, and cosmetic defor-
mity. Various factors can affect the incidence of
each complication; some of them are extent and
type of surgery, the underlying conditions of the
patient, and the surgeon’s experience.
Management is as performed for other surgeries,
except for the two latter which sometimes need
complex plastic procedures.

13.2 Concerns in Pregnancy
and Lactation

During the gestational phase, breast vascularity
increases tremendously and edema occurs in skin
and parenchyma (see also Chap. 1). As a result,
rate of complications is expected to be higher.
Figures have not been reproduced, though.
Expectedly, bleeding is slightly more frequent
due to vascular growth, and infections are more
common due to the milk which acts as a culture
media for microbial overgrowth; especially in
PABC undergoing surgery after neoadjuvant che-
motherapy [3, 5]. Following the same rational,
delayed healing and wound dehiscence should be
anticipated at a higher rate.
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Dominici et al. [6] compared complications of
breast conserving surgery (BCS) and mastec-
tomy in 67 patients with pregnancy-associated
breast cancer (PABC). They detected five cases
of infection, four of which were mastitis in mas-
tectomy cases, and one axillary abscess in a case
of BCS. One hematoma had also occurred in one
patient in the BCS group. They concluded that
the rate of complications was comparable in the
two techniques.

13.2.1 Milk Fistula

Milk fistula is a rare event which consists of milk
discharge from a breaching on the breast or axil-
lary skin, coming from a tract between a milk
duct and skin surface. It may very rarely occur
spontaneously, but is more commonly seen as a
complication of surgery or needle biopsy of the
breast in a breastfeeding woman, or in late stages
of pregnancy.

Literature about this event is scarce and
mainly consists of sporadic reported cases. In a
comprehensive search of the literature, Alipour
et al [7] found 27 cases of milk fistulae compli-
cating procedures on the breast. They had
occurred secondary to needle or excisional biopsy
of breast lesions, or after aspiration or drainage
of breast abscesses. Most had been managed by

Directing the needle

cessation of lactation, but healing while still on
breastfeeding had also happened in several cases.

Suppression of lactation has been proposed in
the literature as both a preventive and a therapeu-
tic action for milk fistula [1, 5, 8-13]. However,
the advantages of nursing for both mother and
child are numerous, and the author do not pro-
pose it as a preventive measure except for cases
of PABC, which would have to withhold lacta-
tion anyhow.

Some points should be observed in order to
prevent formation of a milk fistula in pregnant or
breastfeeding women who are going to have an
invasive procedure on the breast. Using fine nee-
dles for sampling purposes [14] if it does not dis-
turb the results (see also Chap. 4); taking the
specimens under guidance of ultrasound [15];
completely evacuating breast milk before the
procedure [9]; entering the breast (by needle or
incision) from a location as far as possible from
the nipple and from the lesion, preferably leaving
a curved track [2]; prioritizing minor interven-
tions to surgery in these patients if diagnostic or
treatment goals can be fulfilled with the lesser
procedure (like aspiration of abscesses instead of
surgical drainage) (see also Chap. 7) [3]; using
radial incisions for surgery wherever applicable
[16, 17]; and applying pressure on the procedure
site at time of breastfeeding. Figure 13.1 is a
schematic demonstration of suggested measures

\

Using thinner
needles

in an oblique path

Performance under
ultrasound guidance

Evacuating the

milk before biopsy

.

| !

Avoiding too much
movement of needle
in breast tissue

Placing needle insertion site
as far as possible from areola

Fig. 13.1 Suggested measures for preventing milk fistula formation after needle sampling in lactating women
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Incision

Milk coming from
the nipple

Fig. 13.2 No milk fistula in the healing incision after sur-
gical drainage of a lactating breast abscess. The 40 years-
old nursing mother had delivered around 16 months ago
and had presented with a very thinned skin over a fluctuat-
ing abscess around the areolar margin. Preventive mea-
sures had been contemplated during and after surgery and
she was able to continue breastfeeding without milk leak-
age from the wound

for preventing milk fistula formation after needle
sampling during lactation. Figure 13.2 shows the
healing wound in a breastfeeding mother who
had undergone incision and drainage of a breast
abscess due to thinning of the skin above the fluc-
tuation (see also Fig. 7.2c¢); while the relevant
preventive measures had been contemplated. She
is still nursing her child and has no fistula despite
the location of the abscess which was close to the
areola.

When a fistula occurs despite these measures,
therapeutic ~ steps should be undertaken.
Appropriate regular wound care [2, 9], antibiotic
therapy if infection is an issue [9], and pressing
over the fistula while nursing the infant or milk-
ing the breast [18, 19] are needed.

Rarely, when the fistula is uncontrollable and
the mother cannot bear the drainage, or intracta-
ble infections supervene is milk suppression nec-
essary. This is also the case in women with PABC
who would not breastfeed. In these instances,
milk can be suppressed by discontinuing lacta-

tion, binding and ice-packing the breasts.
Medicines can be used; cabergoline and dopa-
mine agonists (bromocriptine) can be prescribed
for this purpose [8, 10-13].
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Abstract

Non-obstetric surgery is needed in 0.75-2%
of pregnant women, and safety of anesthesia
for mother and child are key points at this
time. Some breast diseases need to be
approached in a short time interval, and sur-
gery must be performed during pregnancy. In
these cases, the technique of anesthesia
regarding local, regional or general anesthesia
and type of anesthetic medicine are selected
based on the extent of the procedure, gesta-
tional age, and condition of the mother and
child. The ideal timing for any surgery during
pregnancy is in the second trimester because
the risk of fetal adverse effects as well as pre-
term labor are lower. However, surgery of
breast cancer during pregnancy is performed
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in any trimester as guided by treatment guide-
lines and is not deferred based on anesthesia
preferences. Various types of anesthesia for
breast surgery during pregnancy, preoperative
and postoperative considerations are discussed
in this chapter.

Keywords

Breast cancer - General anesthesia - Local
anesthesia - Regional anesthesia - Pregnancy

14.1 Overview

Non-obstetric surgery is needed in 0.75-2% of
pregnant women, most frequently performed for
the treatment of appendix or gallbladder inflam-
mation, trauma, and cancer occurring in preg-
nancy [1]. When this situation materializes,
safety of anesthesia and absence of potential
harms for mother and child are key points.
Accordingly, necessity of the procedure for the
mother and fetus [2] and potential risks in case it
is postponed should be carefully considered. No
emergent surgery should be put off because of
pregnancy. However, speaking about breast
lesions, they comprise very few, if any, emergent
cases and do not match in this category.
Nonetheless, many breast diseases need to be
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approached in a short time interval, and surgical
management cannot be deferred for several
months until termination of pregnancy. These
include pregnancy-associated breast cancer
(PABC), lesions that convey a high probability of
malignancy, and abscesses. In these instances,
the technique of anesthesia and type of anesthet-
ics are selected based on the extent of the proce-
dure, gestational age, and condition of the mother
and child [3]. The ideal timing for any surgery
during pregnancy is in the second trimester
because most of the fetal organogenesis has taken
place in the previous trimester, and the risk of
preterm labor is less than the next trimester [2, 4].
Nonetheless, this can seldom be considered when
managing PABC, and the surgery should usually
be performed at the time of diagnosis or in an
appropriate interval after the end of neoadjuvant
treatments (see also Chap. 12).

14.2 Anesthesia for Breast
Surgery - Anesthetic
Techniques

PABC is the most common cause for operating
the breast in a pregnant patient. Anesthesia, along
with main therapeutic modalities, affects treat-
ment success in breast cancer surgery [5], albeit
to a far less extent.

14.2.1 Local Anesthesia

Among breast operations, minor procedures can
be carried out under local anesthesia (LA). These
include incisional biopsy of large masses or exci-
sional biopsy of the small ones, which are seldom
performed in a pregnant woman, and occasion-
ally lumpectomy of malignant tumors.
Mastectomy has also been reported to be suc-
cessfully performed under LA, but not in preg-
nant women [6-8].

Lidocaine is the most frequently used drug
for LA but is occasionally substituted by bupi-
vacaine, if not effective [3]. Adverse effects dur-

ing pregnancy are not different from those
observed in non-pregnant women, and no sig-
nificant fetal consequence has been reported [9,
10]. Local anesthetic drugs are more efficacious
in pregnant than non-pregnant women, probably
owing to gestational hormonal effects; there-
fore, lower doses of these medications should be
used in pregnancy [11]. Another use of LA is for
pain control in the postoperative setting, where
medicine can be delivered through a thin tube
inserted in the surgery site at the time of opera-
tion [3].

14.2.2 Regional Anesthesia

Regional anesthesia (RA) consists of blocking
the function of specific nerves by injecting appro-
priate drugs around them (lidocaine and, more
commonly for breast surgery, bupivacaine [12]),
causing numbness in the related innervated area
[13]. Attention must be kept toward use of lower
doses of local anesthetics in pregnant women, as
described in the Local Anesthesia section [11].
Some physicians have investigated going through
breast surgery with RA alone or in combination
with general anesthesia (GA) [3, 14-16].
Practical methods of RA for breast surgery
include various nerve blocks, including thoracic
paravertebral, subpectoral, serratus anterior, and
epidural block [3, 13, 14, 17]. It should be kept in
mind that innervation of the breast by intercostal
nerves involves several thoracic levels, most
commonly from the second to sixth thoracic
intercostals (Fig. 14.1). Therefore, these are com-
plex procedures and need sufficient expertise to
be successfully handled, especially in pregnant
patients. Epidural block is sometimes used in
larger operations such as immediate breast recon-
struction and consists of blocking thoracic nerves
supplying the breast by infusing medicine
directly in the epidural space or via epidural cath-
eters. Inserted catheters can stay in place and be
used for analgesic infusion in the postoperative
period. This technique has been used both alone
[18] or with GA for controlling postoperative
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Fig. 14.1 Schematic areas of superficial breast innerva-
tion by thoracic intercostal nerves

complications [12]. Considering the position of
the breast on the chest wall (see Chap. 1), a para-
vertebral block involves blocking one to several
intercostal nerves near their origin alongside the
lateral spinal border in combination with intrave-
nous sedation for performing the surgery, or with
GA, to control postoperative pain [13, 14, 19—
24]. In the subpectoral block, medicines are
injected deep into the pectoralis major muscle.
This technique provides good pain relief after
surgery, especially for cases including breast
reconstruction with subpectoral tissue expanders
and prosthesis [17].

RA in combination with intraoperative seda-
tion can be an acceptable alternative to GA for
breast surgeries [2], but this has not been studied
in pregnancy specifically.

14.2.3 General Anesthesia

Although RA is preferred during gestation when
feasible [2, 25, 26], avoiding GA is not always a

favorable option while operating on a pregnant
woman with PABC, because the procedure could
become more complex and the mother and fetus
more stressed when awake [27].

14.3 Physiological Changes
of Pregnancy - Concerns

in Anesthesia

During pregnancy, several physiologic changes
occur (see also Chap. 1) in all the body systems,
several of which might affect anesthesia for
breast surgery.

14.3.1 Respiratory Changes

Mild hyperventilation, decreased pulmonary
residual capacity aggravated in the supine posi-
tion, and chronic respiratory alkalosis occur in
gravid mothers. Oxygen consumption increases
without affecting PaO,, but even short-term
apnea can quickly cause maternal hypoxemia. In
addition, increased vascularization and swelling
of upper airways occur, which can lead to diffi-
cult intubation and problems in ventilation.

14.3.2 Cardiovascular Changes

In pregnant women, heart rate, stroke volume,
blood volume, and cardiac output increase; and
hematocrit decreases. Aortocaval compression by
the enlarged uterus can reduce cardiac preload and
output, causing hypotension. This happens when
supine, and is relieved in the lateral position.

14.3.3 Gastrointestinal Changes

Throughout pregnancy, the lower esophageal
sphincter pressure decreases, causing a higher
risk of gastric content aspiration and warranting
more attention focused on airway protection.
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14.3.4 Hematological Changes

Gestation produces a hypercoagulable state, that
is, a predilection for thromboembolism [2, 4, 25,
28], which needs to be considered through the
preoperative, intra-operative, and postoperative
phases.

14.4 Breast Surgery-Related
Planning before Anesthesia

Issues specific to patients with cancer must be
examined by the anesthesiologist in the preop-
erative assessment (Fig. 14.2). History of recent
neoadjuvant treatments for PABC including
chemotherapy, endocrine therapy, or, less fre-
quently, radiation therapy should be investigated
[3]. Relevant adverse effects of chemotherapy
include myelosuppression, which may cause
anemia, increased risk of intraoperative bleed-
ing owing to low platelet count, or postoperative
infection for leukopenia. Suppression of the
bone marrow usually takes around 6 weeks to
return to normal [3], and this time interval has
been proposed as the adequate delay for anes-
thesia after chemotherapy, although this timing
is subject to controversy. A delay of 21 days or
less has recently been shown to be superior in
terms of overall survival and recurrence-free
survival [29], whereas delays of 4—6 weeks ver-

Recent history of I

Adverse consequence l

sus 6-8 weeks yielded comparable results else-
where [30].

Drug-induced cardiomyopathy may also occur
secondary to some chemotherapy agents that are
used for breast cancer (doxorubicin and cyclo-
phosphamide), revealing the necessity of accu-
rate cardiac assessment including a physical
examination, electrocardiogram, and echocar-
diography before surgery [3] (see also Chap. 15).

Cancer increases the risk for thromboembolic
complications [32], and although breast malig-
nancy harbors a modest risk among cancers, it
causes at least a three- to four-fold increment in
thrombotic events [32-35]. Surgery intensifies
the hazard, and preoperative consumption of
tamoxifen, an endocrine therapy agent that car-
ries by itself a 5% risk of venous thrombosis [36,
37], would aggravate the risk further [34, 38] (see
also Chap. 15). Overall, a ten-fold increment in
thromboembolic events has been reported in
these settings [39]. It has been suggested that
tamoxifen should be discontinued 2-3 weeks
before surgery to reduce the risk of perioperative
venous thromboembolism [38, 40].

Acid aspiration prophylaxis should be consid-
ered in all patients [4]. Another important point
to consider is about psychological issues (see
also Chap. 28); signs of anxiety or depression
that are relatively common in pregnant patients
with cancer should be sought and counseled
properly to prevent worsening after surgery [31].

Management
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Fig. 14.2 Preoperative assessment of pregnant patients undergoing breast surgery for the anesthesiologist. Intraop

intraoperative, VTE venous thromboembolism
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14.5 Management
of the Anesthesia

As all the drugs that are used for GA cross the
placenta, no ideal technique has been defined;
however, the patient and the fetus usually come
out of GA without significant adverse conse-
quences [2, 27].

14.5.1 Fetal Concerns

The anesthesiologist must provide safety for the
mother and fetus (see also Chap. 21). Central pre-
cautionary issues concerning the fetus include
avoidance of teratogenic substances, fetal
asphyxia, and preterm labor [4].

In animal studies, some negative outcomes for
the effects of anesthetics, namely propofol, ket-
amine, and volatile anesthetics on the fetus have
been shown; and nitrous oxide has been shown to
induce teratogenic defects in DNA synthesis.
However, research on humans has not demon-
strated any specific toxicity for the fetus or a birth
defect of neonates. Evidence has only suggested
slightly increased risks for preterm labor and
abortion secondary to GA [1, 3, 4]. Nitrous oxide
is better avoided, especially in the first trimester,
owing to unproved probable adverse effects for
the fetus [4, 25, 26].

Prevention of hypotension and hypoxia is
always necessary in any session of GA, but the
matter implies more attention to avoid fetal
hypoxia and its undesirable perilous conse-
quences [1, 2]. Continuous measurement of
fetal heart rate (FHR) is advisable. Any signifi-
cant decrease of blood pressure needs to be
aggressively managed by intravenous fluids
and phenylephrine or ephedrine, if necessary
[4, 41]. To avoid aortocaval compression, the
preferred position for pregnant women
throughout anesthesia is the left lateral, though
this cannot be offered in most instances of
breast surgery, which necessitates specific
positioning of the patient depending on the
technique of surgery. However, the supine
position with head elevation is an acceptable
choice both on behalf of the anesthesiologist,

for patient safety; and on behalf of the surgeon,
for appropriate access to the operation site (see
also Chap. 21).

Uterine contractions must be controlled and,
as recommended, monitored [1, 25]. Using vola-
tile anesthetics might be useful as a preventive
measure in this regard [4, 25], paying attention to
the point that pregnancy increases the sensitivity
to volatile anesthetic drugs; so that lower dosages
are better used during surgery in pregnant patients

[4].

14.6 Postoperative Care

Several key points apply to the care of a woman
who has undergone breast surgery for cancer
while pregnant. Management of postoperative
pain is imperative. In cases where an RA catheter
has been inserted, infusion of anesthetics via the
catheter is an excellent option. However, this is
not frequently performed in PABC surgery.

Opioids cross the placenta and sometimes
induce decrements in FHR variability, albeit
without negative consequences for the neonate;
thus, these drugs are regularly used for effective
analgesia.

The best method is combination therapy to
decrease opioid dosage. Nonsteroidal anti-
inflammatory drugs are inappropriate because of
fetal adverse effects, but acetaminophen is suit-
able in combination with opioids for these
patients [26, 42, 43].

Monitoring of FHR and uterine contractions
has to be undertaken. The patient may not per-
ceive contractions because she is on analgesics,
and the medical team must be on alert for the
matter. In case of preterm labor, tocolytics should
be administered by the gynecologist of the multi-
disciplinary team [1, 4, 26, 41, 43].

Thromboprophylaxis has not been studied and
defined for these cases, and guidelines are not
specifically descriptive. Rates of venous throm-
bosis are higher in patients who have previously
received chemotherapy or tamoxifen, have more
advanced disease, or have other risk factors for
hypercoagulability. Thromboprophylaxis should
thus be considered in these patients [41, 43-46].
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Psychological support is of utmost impor-
tance because these women are facing several
stresses simultaneously: pregnancy, cancer, sur-
gery, organ mutilation, and disturbed body image;
this deserves special attention and relevant sup-
port from the caring multidisciplinary team (see
also Chap. 28).

14.7 Anesthesia and Breast
Cancer Recurrence

Some studies have paid attention to the probable
effect of anesthetics or technique of anesthesia on
the prognosis of PABC. Owing to the costs and
time that a prospective, well-designed trial would
involve, studies are retrospective [47]; some
researchers have declared that the combination of
propofol and RA can lower the recurrence of
PABC [48-52]. This has not been confirmed by
other studies [53-56]. Up to the present time, no
anesthetic has been known to affect prognosis of
the cancer.
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Abstract

Available data on systemic treatments in
pregnancy-associated breast cancer (PABC) is
reviewed in this section. These treatments
include chemotherapy, endocrine therapy
(ET), small molecule inhibitors, monoclonal
antibodies against human epidermal growth
factor receptor 2 (EGFR-2) also known as
HER?2; and human epidermal growth factor
receptor 3 (EGFR-3), also known as HER3.

In local disease, systemic treatment can be
delivered as neoadjuvant (before surgery) or
adjuvant (after surgery) treatment. In meta-
static disease, systemic therapy is the main
modality of treatment.

Approach to PABC is based on available
data in the general population, limited only
by safety issues for use of medications dur-
ing gestation and lactation. Therefore, treat-
ments are similar to non-PABC patients
while trying to minimize the risk to the fetus.
Available data on different chemotherapies,
anti-HER2 monoclonal antibodies, ET and
small molecule inhibitors are discussed in
detail.

0. S. Tehrani (D<)

Department of Hematology and Medical Oncology,
Stanford University, Stanford, CA, USA

e-mail: Tehrani @stanford.edu

© Springer Nature Switzerland AG 2020

Keywords

Anti-HER?2 - Chemotherapy -
Immunotherapy - Monoclonal antibody -
Targeted therapy

15.1 Staging of Pregnancy-

Associated Breast Cancer

Every cancer diagnosis needs staging, and breast
cancer is no exception. Clinical findings might
identify metastatic disease. Distant lymphade-
nopathy, skin lesions, dry coughs, abnormal liver
enzymes or alkaline phosphatase, pathologic
fractures, increasing or new pain in the body or
skeleton, blurred vision, intractable nausea and
vomiting, imbalance, and headaches should
alarm the physician to look for metastatic dis-
ease. However, there are limitations for imag-
ing techniques during pregnancy. Patients can be
evaluated by means of chest radiograph with fetal
shielding, ultrasound of the liver, and magnetic
resonance imaging (MRI) of the spine without
using contrast in order to evaluate metastases.
Patients with findings suggestive of distant organ
involvement may benefit from further work up
including biopsy of the pertinent sites. After stag-
ing the disease, patients will be treated
accordingly.

115

S. Alipour, R. Omranipour (eds.), Diseases of the Breast during Pregnancy and Lactation,

Advances in Experimental Medicine and Biology 1252,
https://doi.org/10.1007/978-3-030-41596-9_15


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-41596-9_15&domain=pdf
mailto:Tehrani@stanford.edu

116

0. S. Tehrani

15.2 Loco-Regional Disease:
Adjuvant and Neoadjuvant
Systemic Treatments during
Pregnancy and Lactation

Systemic treatment in early stages or locore-
gional cases of breast cancer is administered as
neoadjuvant or adjuvant forms. PABC is com-
monly treated with surgery followed by adjuvant
treatment (if necessary), although more data is
being available on using neoadjuvant therapy.

Most of the discussion here will be focused on
adjuvant treatments. Evidence-based practice for
adjuvant systemic therapies comes from non-
pregnant patients, and therefore recommenda-
tions are similar, except for contraindications
related to the pregnancy. The goal is to reduce the
chance of cancer recurrence while protecting the
mother and the embryo or fetus from potential
toxicities of the treatments. Decision on the type
and duration of treatment relies on the estimated
chance of disease recurrence, and the potential of
each regimen in reducing that chance. The size
and extent of the primary tumor, number of the
involved regional lymph nodes, hormone recep-
tor and HER2 overexpression status, as well as
genomic tests are among the factors involved in
such evaluations. Approximately 60-80% of
breast cancers diagnosed in pregnant women are
estrogen receptor (ER) negative and about
28-58% of cases have HER2 over-expression
[1-6]. It is estimated that more than half of the
patients have regional lymph node involvement
[6, 7] (see also Chaps. 10 and 11).

15.2.1 Chemotherapy

During systemic therapy, fetal monitoring should
be added to usual tests for directing a healthy
pregnancy. Present data suggests that exposure to
chemotherapy in the first trimester of pregnancy,
during which organogenesis occurs, has the
greatest risk of fetal malformation [8, 9]. In con-
trast, it is estimated that the risk of fetal malfor-
mation after exposure to chemotherapy in the
second and third trimesters is approximately
1.3%, which is not significantly different from

the outcome without exposure to chemotherapy
[8]. Suitable timing of chemotherapy is discussed
later.

The treating physician and the patient must be
aware that chemotherapy-induced amenorrhea
occurs in about 20-70% of premenopausal breast
cancer patients, and recovery depends on the age
and the regimen used [10, 11]. This might also
happen after delivery in pregnant patients under-
going chemotherapy. After delivery, some level
of protection to the ovaries can be achieved with
ovarian suppression using gonadotropin releas-
ing hormone agonists; however there is still some
risk of chemotherapy-induced ovarian failure
[12, 13] (see also Chap. 24). Fertility clinics
might help with other options before initiation of
the chemotherapy after delivery. Some of those
include cryopreservation of ovarian tissue, eggs
or oocytes (see also Chap. 25).

There are significant differences in pharma-
cokinetics of the medications between gesta-
tional and non-gestational state (see also Chap.
14). Amniotic fluid can work as a third space
fluid, and pregnancy causes significant changes
in the blood volume, liver metabolism, renal
flow, protein binding, and therefore volume of
distribution and clearance of the medications
and their active metabolites [14, 15]. With such
changes in pharmacokinetics, combined chemo-
therapy or dose dense regimen can be associated
with higher risk of toxicity in this period. As an
example, per recommendation of the National
Comprehensive Cancer Network (NCCN,
2019), weekly dosing of paclitaxel might be
associated with lower risk of toxicity and is pre-
ferred over dose dense paclitaxel every 2 weeks.
However, a small study reported the outcome of
pregnancy in 10 women who received dose-
dense chemotherapy every 2 weeks, and 99
women who received conventional chemother-
apy, at 3-week intervals. Birth weight, gesta-
tional age at delivery, congenital anomalies, and
incidence of neutropenia were not significantly
different [16]. Dose dense chemotherapy regi-
men may also necessitate the use of growth fac-
tors and transfusions during pregnancy. In each
case, potential benefits (decreased relapse rate
and increased overall survival) should be
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weighed against the risks to the mother and
fetus’ health.

The largest experience in pregnancy has been
with anthracycline and alkylating agents [17,
18]. Overall, methotrexate, an antimetabolite,
and cyclophosphamide, an alkylating agent,
have been reported to be associated with miscar-
riage and malformations [19-22]. Methotrexate
has been associated with fetal methotrexate syn-
drome, central nervous system, skeletal, gastro-
intestinal, and cardiac malformations, and even
fetal death [23]. Considering the risk of accumu-
lation of methotrexate in the third space, the
combination of cyclophosphamide, methotrex-
ate and S-fluorouracil (CMF) can be replaced
with newer regimens. Among chemotherapy
agents used in the second and third trimesters,
there is more data available on doxorubicin (an
anthracycline), cyclophosphamide, and fluoro-
uracil. Several case studies reported no greater
risk or specific complications after use of anthra-
cyclines and alkylating agents in the second and
third trimesters, either as a single agent or in
combination [24-31]. Additionally, a single-
institution studied 57 pregnant patients. They
received FAC chemotherapy (5-FU 500 mg/m?
IV days 1 and 4, doxorubicin 50 mg/m? by IV
infusion over 72 h, and cyclophosphamide
500 mg/m? IV dayl) safely during the second
and third trimesters of pregnancy [7, 18]. There
was one child with trisomy-21 (Down syndrome)
and two with congenital abnormalities (club
foot, congenital bilateral ureteral reflux). These
two children are reported to be healthy and pro-
gressing well in school [6, 8, 9]. Similarly, single
agent anthracyclines have been safely used dur-
ing pregnancy [32]. In pregnant women, epirubi-
cin has a shorter terminal half-life than
doxorubicin because of difference in glucoroni-
dation [33]. Additionally, there is a single insti-
tute report of weekly epirubicin (35 mg/m?) used
in the second and third trimesters with no grade
IIT or IV adverse effects and no fetal anomalies
[34]. There is also a case report on a patient
treated with FEC (5FU, epirubicin and cyclo-
phosphamide) as well as irradiation during con-
ception and the first two trimesters of pregnancy
without fetal anomalies [35].

There are some limited data on the use of tax-
anes during pregnancy [24, 29, 36, 37]. In vitro
studies on human primary trophoblasts reported
changes in the expression of drug transporters
upon exposure to paclitaxel [38]. This finding
suggests a different method of transfer of anti-
cancer agents to the fetus in those exposed to
paclitaxel. A review of articles published on
platinum-based chemotherapy with taxanes
(paclitaxel and carboplatin, paclitaxel and cispla-
tin, and docetaxel and cisplatin, used for ovarian
cancer during pregnancy) reported lower average
weight of the neonates at the time of delivery
(2442.1 g). Exposure to these agents during the
second and third trimesters did not increase fetal
loss [39].

Overall, when adjuvant chemotherapy is
needed, methotrexate containing regimens are
not recommended during pregnancy; while com-
binations comprising anthracyclines and taxanes
seem to be safe later in pregnancy. Dose-dense
regimens might have higher risks of complica-
tions in the gestational period.

15.2.2 Endocrine Therapy

The main adjuvant ET in premenopausal hor-
mone receptor positive, HER2 negative breast
cancer is tamoxifen. However, animal studies
have reported adverse events in the gravid state,
including fetal demise [40, 41]. A review on out-
come of pregnancy in 167 cases exposed to
tamoxifen reported abnormal fetal development
in 12.6% of cases in contrast to 3.9% in unex-
posed patients. The malformations were non-
specific, and the majority of cases had healthy
newborns [42]. In addition to the risk of fetal
anomalies, animal studies raise a concern about
risk of tumor development in the next generation
[43, 44]. Such findings support the generally
accepted contraindication of tamoxifen in
pregnancy.

Among other ETs, aromatase inhibitors are
not used in premenopausal patients and fulves-
trant is not used in the adjuvant setting.

Genomic tests might help determine the ben-
efit of adding chemotherapy to adjuvant hor-
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monal blockade in hormone receptor positive,
HER2 negative breast cancer. Although specu-
lated to be of the same value as the general popu-
lation, the role of such tests has not been
determined in PABC.

15.2.3 Anti-HER2 Therapy

Patients with overexpression of HER2 may ben-
efit from anti-HER2 and anti-HER3 treatments.
However, these medications are contraindicated
during pregnancy. Outcome of pregnancy has
been reported in patients who had unintentional
exposure to trastuzumab and/or lapatinib during
pregnancy in two trials: the Neoadjuvant
Lapatinib and/or  Trastuzumab  Treatment
Optimization (NeoALTTO) and the Adjuvant
Lapatinib and/or  Trastuzumab  Treatment
Optimization (ALTTO) trials [45]. Ninety-two
patients had a pregnancy, 12 in the exposed group
and 80 in the unexposed one. Seven patients
(58.3%) in the exposed and 10 (12.5%) in the
unexposed group opted for an induced abortion.
In the remaining patients in the exposed group,
there was a fetus with trisomy 21 (Down syn-
drome), but no other adverse effects were
reported in the pregnancy and delivery period of
other patients. As well, disease free survival
(DES) was not reported to be different between
the two groups.

There are also case reports of treatment with
trastuzumab during pregnancy [46-53]. A case
report followed a child exposed to trastuzumab
during first trimester, and did not report any com-
plications later [46]. A meta-analysis on 17 case
reports with 18 pregnancies and 19 newborns
demonstrated that the majority of complications
were oligohydramnios or anhydramnios, espe-
cially when exposed to trastuzumab in the second
or third trimester [54]. Therefore, if possible,
trastuzumab should be postponed to the postpar-
tum period.

Ado-trastuzumab is an anti HER2 drug-
antibody conjugate. Since the antibody used in
this medication is trastuzumab, it has been con-
traindicated during pregnancy based on trastu-
zumab data. Food and Drug Administration
(FDA) reports delayed kidney development, oli-

gohydramnios, anhydramnios, and even fetal
death in monkeys that were exposed during preg-
nancy at concentrations 2.5-20 times higher than
therapeutic concentrations. Similarly, there are
case reports on oligohydramnios and anhydram-
nios in pregnant patients when combined with
trastuzumab [55].

Current anti-HER therapies are not used dur-
ing pregnancy due to their potential complica-
tions, but can be considered after delivery.

15.2.4 Timing of Chemotherapy

In general, anti-neoplastic agents should be
avoided in the first trimester. As a result, when
continuation of pregnancy is considered in the
first trimester, chemotherapy is generally post-
poned to avoid abortion or severe malformations
in the fetus. Estimation of the date of conception
and the date of the delivery will help with sys-
temic chemotherapy planning. Additionally, che-
motherapy is usually avoided within the last
3 weeks before planned delivery, or after week 35
of pregnancy to decrease chance of hematologic
complications during child birth (see also Chap.
21).

Postponing chemotherapy till after delivery
may be a reasonable option when possible. But if
the risk is high and the delay is too long, a deci-
sion must be made on the basis of risks versus
benefits of postponing treatment. Although the
more common approach to the treatment of breast
cancer is to do surgical resection before systemic
adjuvant therapy, neoadjuvant chemotherapy is a
potential option as well. Neoadjuvant treatment
is usually used to avoid mastectomy or to post-
pone surgical resection till after delivery. In com-
parison, adjuvant treatment is done after surgical
resection, which means that the gestational age at
the time of chemotherapy is higher. This might be
a theoretic advantage as treatment is given farther
from embryogenesis.

While information is scarce, there is a study
on data of the registry of the German Breast
Group (GBG 29/BIG 02-03) and the international
Cancer in Pregnancy initiative, on those who
received neoadjuvant treatment. They identified
103 patients with PABC, 62 of them received
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treatment during pregnancy and 41 were treated
after delivery. In this group, 26% received non-
taxane regimen, 73% had taxane and 24%
received trastuzumab containing regimen. They
did not report significant differences in disease
free survival and overall survival among groups,
and compared to 130 non-PABC patients who
received neoadjuvant treatment [56].

In general, when possible, current recommen-
dations are to postpone systemic treatments till
second or third trimester of pregnancy, or after
delivery.

15.3 Metastatic Disease: Systemic
Treatments during
Pregnancy and Lactation

Similar to treatment of locoregional breast can-
cer, evidence for the best treatments of metastatic
breast cancer is mainly gained from data about
non-pregnant women. Thus, recommendations
are similar, unless for specific contraindications
during pregnancy.

In general, metastatic cancer is considered
incurable. The goal of care in this setting is to
prolong mother’s life, while minimizing the risk
to the embryo if possible. Progression of the dis-
ease may lead to further spread to vital organs,
organ damage and fracture; and may limit thera-
peutic options. Therefore, postponing treatment
can increase morbidity and mortality. The goal of
care and the time to initiate the treatment should
be discussed with the patient. When delivery of a
viable neonate is possible, an obstetrician; and in
case of need, a neonatologist should be consulted.
Choice of systemic therapy is based on the status
of hormone receptors and HER2 expression,
involvement of the visceral organs (mainly liver)
or central nervous system (CNS), and patient’s
functional status.

15.3.1 Endocrine Therapy
This is the main treatment in most patients with

metastatic hormone receptor positive disease.
However tamoxifen, a selective estrogen receptor

modulator, is contraindicated due to its potential
for causing fetal demise and abnormal fetal
development, although the majority of the infants
exposed to tamoxifen were born healthy [40-42].
Another concern in using tamoxifen is the chance
of developing tumors in the offspring, based on
animal studies [44].

Ovarian suppression is another ET used in the
non-pregnant population. Although there is lim-
ited data on the safety of gonadotropin releasing
hormone (GnRH) analogues during pregnancy,
these are considered contraindicated due to fetal
loss in animal studies. Even so, a report on 6
cases with exposure to leuprolide during preg-
nancy did not report teratogenicity [S7]. However,
the efficacy of GnRH analogues and antagonists
during pregnancy is also questionable. Beta-hCG
levels surge rapidly early in pregnancy and sup-
port the gravid corpus luteum, which produces
estrogen and progesterone [58]. Therefore, effect
of GnRH analogues and antagonists in decreas-
ing estrogen during pregnancy is questionable.
Similarly, there is limited information on the
effect of oophorectomy on the pregnancy and
breast cancer [59].

Aromatase inhibitors are not effective in pre-
menopausal patients and there is limited data on
their safety during pregnancy.

Fulvestrant, a selective estrogen receptor
modulator degrader, is approved as a single agent
or combined with CDK4/6 inhibitors for the
treatment of metastatic breast cancer; but is con-
traindicated during pregnancy (FDA category X).
Fetal loss and anomalies occurred in animal stud-
ies at much smaller concentrations used in the
clinical setting, per FDA accessible data.
Therefore, the options in this group of patients
will be limited to chemotherapy in second and
third trimesters.

15.3.2 Small Molecule Inhibitors
and Monoclonal Antibodies

Metastatic hormone receptor positive disease
with significant liver involvement (visceral dis-
ease) can be treated with chemotherapy or ET
[60]; in the general population, CDK4/6 inhibi-
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tors are usually added to the ET to increase
response rate and duration [61-64]. With excep-
tion of abemaciclib, CDK4/6 inhibitors are gen-
erally used in combination with ET for treatment
of metastatic hormone receptor positive breast
cancer [65]. However, it seems that this class of
drugs is associated with significant fetal loss and
malformations when used during pregnancy.
Short of published papers, FDA data shows skel-
etal variations and reduced body weight in ani-
mals treated with palbociclib. Fetal loss and fetal
abnormalities have been seen as well in pregnant
animals treated with ribociclib. Similarly, abe-
maciclib caused decreased fetal body weights,
and cardiovascular or skeletal malformations.
Also, ribociclib and its metabolites were reported
in the milk of lactating animals. Therefore, it is
recommended to prevent pregnancy when under
treatment, and avoid using CDK4/6 inhibitors in
pregnant women and during breastfeeding.

PI3K/AKT/mTOR is an important pathway in
hormone positive breast cancer. Everolimus and
alpelisib are examples of approved drugs work-
ing on this pathway. Both medications are used in
combination ~ with ~ hormonal  blockade.
Everolimus has been in the market for a longer
time and therefore, there are published data on
the outcome of pregnant patients exposed to it.
Although congenital malformations have been
reported in animal studies, review of several
cases treated with everolimus for other diseases
showed no congenital malformations in the
human fetuses exposed during the entire preg-
nancy [66—68]. Notably, they reported similar
concentration of everolimus in mother and cord
blood (66). These data are not enough to prove
the safety of the drug during pregnancy and this
medication should be avoided in this period.
Limited available data provided by FDA on the
alpelisib indicates increased risk of fetal demise
and malformations. Due to the lack of data in
human studies, it is recommended to avoid this
medication during pregnancy.

Poly (ADP-ribose) polymerase (PARP) inhib-
itors are used in metastatic hormone positive
breast cancer patients with germline BRCA1 or
BRCA?2 mutations. Based on FDA data accessi-
ble to the public, studies in the pregnant rats

showed that olaparib caused teratogenicity and
embryo-fetal toxicity at exposures below those
used in human patients. Rucaparib exposure has
resulted in fetal death in pregnant rats at much
lower concentrations than those used in humans.
Similarly, talazoparib was reported to cause fetal
malformation and death in pregnant rats at lower
concentrations than in humans. No such data is
published for niraparib. It is recommended that
this category of medications should be avoided
during pregnancy as well.

In HER?2 positive breast cancer, trastuzumab,
pertuzumab, fam-trastuzumab deruxtecan and
ado-trastuzumab are the frequently used mono-
clonal antibodies. Among small molecule
inhibitors targeting HER?2, lapatinib and nera-
tinib are approved. There is not a lot of experi-
ence or studies using them in pregnancy. It
seems that anti-HER2 monoclonal antibodies
increase the chance of fetal kidney damage, oli-
gohydramnios, and adrenal disease [46-53,
69]. Despite reported increased abortions in
patients exposed to trastuzumab and/or lapa-
tinib in NeoALTTO and ALTTO trials, there are
case reports of trastuzumab used in pregnancy
without complications [69]. There is a single
case report of a normal newborn despite expo-
sure to lapatinib in the first trimester [70]. As
mentioned, a meta-analysis on 17 reported
cases indicated that the majority of oligohy-
dramnios or anhydramnios with administration
of trastuzumab occurred in those who were
exposed in the second or third trimester [54].
Nonetheless, FDA reported that treating ani-
mals with lapatinib during organogenesis and
lactation led to death of offspring, and neratinib
caused fetal death and anomalies. Therefore,
FDA recommended avoiding these drugs dur-
ing pregnancy and lactation.

Atezolizumab is the first checkpoint inhibitor
used in triple negative breast cancer. Multiple
clinical trials are evaluating the benefit of check-
point inhibitors in early stage breast cancer.
However, there are no trials in PABC. In addition,
PD-L1 is shown to be highly expressed in syncy-
tiotrophoblast and to a lower extent in the chorion
laecve and the implantation site. These findings
suggest potential risks of damage to the placenta
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with anti-PD-1 or anti-PDL-1 treatments during
pregnancy [71].

Considering that methotrexate, trastuzumab,
pertuzumab, fam-trastuzumab deruxtecan, ado-
trastuzumab, tamoxifen, aromatase inhibitors,
LHRH agonists, fulvestrant, CDK4/6 inhibitors,
mTOR inhibitor and PIK3 inhibitor should be
avoided, other chemotherapeutic agents remain
the main option in the second and third trimesters
of pregnancy in metastatic PABC.

15.4 Oligometastatic Disease

It seems reasonable to assume that leaving oligo-
metastatic disease untreated may result in widely
metastatic disease without a chance of cure.
However, there are a variety of approaches to
these patients. One may consider local treatments
(radiation, microwave ablation, cryotherapy or
excision) for single-site metastasis [72-76].
Another approach is to treat these cases similar to
widely metastatic disease and meanwhile, moni-
tor the patient for developing additional meta-
static foci. If no additional sites of disease are
found during systemic treatment, then one may
consider local treatments for the oligometastatic
sites.

The approach to oligometastatic disease
should be based on the potential benefits and
risks to the health of the mother and the fetus and
availability of the treatments.

15.5 Concernsin Lactation

Among patients receiving chemotherapy during
pregnancy, about half were successful in breast-
feeding their newborns [7] (see also Chap. 22).
Due to the chance of transmission of chemother-
apy drugs and small-molecule inhibitors (target
therapies) into the milk, breastfeeding is not
recommended while receiving these treatments.
Examples include cyclophosphamide and metho-
trexate, which are among drugs that reach rela-
tively high concentrations in breast milk [77].
Guidelines, including that of the Breast
Disease Committee of the Society of Obstetricians

and Gynecologists of Canada, recommended that
women undergoing chemotherapy or tamoxifen
treatment should not breastfeed; however, this is
weakly supported by the evidence (level of evi-
dence at the time: I1I-B).

Based on limited available data, paclitaxel
appears to be excreted into breast milk in rela-
tively large amounts. In one case, paclitaxel was
detectable in the milk for at least 1 week after
use, but not at 13 days after a dose of 30 mg/m?
[77]. A case study on a patient treated with carbo-
platin and paclitaxel showed concentration of the
chemotherapeutic medications in the breast milk
samples collected during treatment. Carboplatin
had a relative infant dose of 2% and remained
measurable after 316 h post-infusion. Paclitaxel
had a relative infant dose of 16.7% but was
immeasurable by 316 h after infusion [78].
Therefore, with intermittent treatments, breast-
feeding might be safe with an appropriate period
of breastfeeding abstinence, but the duration of
abstinence is not clear.

Endogenous immunoglobulins are found in
breast milk, and therefore, it seems reasonable to
assume therapeutic monoclonal antibodies,
including trastuzumab, fam-trastuzumab derux-
tecan and ado-trastuzumab may be present in the
milk of nursing mothers as well. Due to the
potential for serious adverse reactions in the
breastfed infant, the manufacturers recommend
that women should not breastfeed during treat-
ment and for 7 months after the last dose of these
monoclonal antibodies.

Among targeted therapies, neratinib also has
been shown to be present in the milk in animal
studies and is recommended to be avoided.

Patients under treatment with chemotherapy,
targeted therapy, and ET should avoid breastfeed-
ing till more data confirms the safety of these
medications. Duration of abstinence varies by the
therapeutic agents and further data is required.
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Abstract

Breast radiotherapy during pregnancy is a
matter of debate as both the efficacy of treat-
ment and the safety of the developing fetus
should be considered. Currently there is not
enough data to support the safety of in-utero
exposure to radiation even with modern radio-
therapy techniques. So it is highly recom-
mended that breast radiotherapy is postponed
to after delivery, though it might be consid-
ered in very selected patients according to
risk-benefit assessment.
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16.1 Overview

Radiotherapy plays a critical role in the manage-
ment of breast cancer as breast-conserving sur-
gery (BCS) followed by radiotherapy is the most
acceptable standard treatment for the majority of
early stage breast cancers [1]. Radiotherapy dur-
ing pregnancy continues to be a matter of debate,
and at present, there are only a few reports in the
literature regarding this issue. As a general rule,
breast cancer during pregnancy should be treated
according to the guidelines for non-pregnant
women with enough consideration to protect the
fetus. Although the modern approach considers
the same surgical approach for pregnant women
[2], several concerns exist with regard to delay-
ing radiotherapy to after childbirth.

Although mastectomy may have the advan-
tage of eliminating radiation for a group of
patients, BCS could still be done considering that
radiation can be delayed until after delivery [3].
As radiation dose is typically standard in breast
cancer (4650 Gy to the whole breast in BCS or
to the chest wall in advanced mastectomy cases,
with an additional 10-16 Gy boost to the tumor
site in BCS), the trimester of pregnancy remains
the most important factor regarding radiation tox-
icity to the fetus. As routine non-pregnant patients
receive radiotherapy after chemotherapy and
5-6 months after surgery, BCS can be performed
during late second trimester and third trimester as
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the radiation can be easily postponed [4]. The
most challenging scenario is breast cancer diag-
nosed before 16 weeks of gestational age for
patients who desire to continue pregnancy and do
not wish to proceed with mastectomy. In these
situations, delaying radiation until after delivery
is very controversial. In a meta-analysis by Chen
considering 20 high-quality studies and control-
ling confounding factors, the author estimates
that the risk of local recurrence would increase
by 1.0% for every additional month’s delay in
radiation delivery [5]. Regarding radiation toxic-
ity, with administration of 50 Gy to the chest wall
or breast in the first trimester, the fetus receives
0.04-0.15 Gy. As the fetus enlarges and comes
out of the pelvic cavity, this dose increases up to
2 Gy because of increased proximity to the radia-
tion field [6, 7]. The threshold of safety dose to
the fetus has not been determined, but it defi-
nitely differs by gestational age of the embryo or
fetus. Health effects including abortion, major
malformations, growth retardation, neurological
or motor deficiencies, and mental retardation
occur at doses above 0.05 Gray of exposure.
These are more frequent with exposure during
organogenesis, which occurs between the second
and seventh weeks of gestation; and up to
16 weeks [8—11]. A dose reduction of 50% to
70% may be achieved by using shields with
X-ray energies from 4 to 10 MV [12]. Even with
proper shielding, scattered radiation and leakage
will be present to some extent. In addition, it is
difficult to shield a gravid uterus in advanced
pregnancies [13].

Accelerated partial breast irradiation (APBI)
with reduced treatment volume is not a suitable
option for young women. However, theoretically,
it may be attractive as an alternative option for
early stages of breast cancer in pregnant patients
refusing mastectomy. Galimberti carried out a
study on non-pregnant patients with breast can-
cer to estimate doses to the uterus during electron
beam intraoperative radiotherapy (ELIOT). The
study performed with thermoluminescence radia-
tion detectors showed a mean dose of 0.09 Gy in
the pubic area and 0.17 in the uterus [13]. These
show that ELIOT and the shielding apron may be
safe for the fetus, but its accuracy needs to be

investigated. In December 2011, the first preg-
nant patient with cancer underwent BCS and
ELIOT (21 Gy at 90% isodose) during week 15
of gestation, and the patient underwent whole
breast radiotherapy 16 weeks after delivery. It
was proposed that ELIOT may be an option to
postpone whole breast radiotherapy after delivery
for early second-trimester-pregnant women who
refused mastectomy [2].

In a study of 129 children whose mothers had
cancer during pregnancy (half of which were
breast cancer), their development was similar to
those in the control group after 22 months [14].
In a subgroup analysis, the same outcomes were
reported for 11 children exposed to radiation with
gestational age-matched controls. There are case
reports of successful radiotherapy of breast can-
cer during pregnancy and live births and healthy
children. However, as it is unclear if there is a
safe dose with no increased risk, radiotherapy
should be avoided during pregnancy. Even with
more advanced radiation technology such as
intensity-modulated radiotherapy (IMRT) and
image-guided radiotherapy (IGRT), it is still
unclear what the long-term effects of radiation
exposure to fetal health would be [15]. A com-
plete discussion of the potential risks of postpon-
ing radiation therapy until after delivery must be
held with the patient in earlier gestational ages,
and every treatment decision should be made in a
multidisciplinary team in a personalized fashion.

16.2 Breast Radiotherapy
and Breastfeeding

If breast cancer is diagnosed during breastfeed-
ing, it is highly recommended that the patient
stops further feeding immediately and begins
treatment. After finishing cancer treatment, lacta-
tion is completely safe from the contralateral
breast (the side which is not treated), and there is
no evidence to suggest it affects prognosis [16].
Breastfeeding is even possible from the affected
side after irradiation in 50% of cases [17].
However the volume of milk production is typi-
cally reduced in a significant proportion, depend-
ing on various elements like the distance of the
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previous tumor and incision from the nipple-
areola, dosage and type of radiation, social issues
and psychological factors [18, 19] (see also Chap.
22).
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Abstract

Genetic testing should be offered to all women
less than 40 years of age who are diagnosed
with breast cancer, and patients with PABC
are generally among them. However, there is
no specific study about these cases, and
whether genetic testing should be carried out
during or after pregnancy is not known.
Generally, testing before delivery should only
be performed if positive results change man-
agement plans, such as undergoing fetal test-
ing and choosing mastectomy instead of breast
conserving surgery.

Keywords

Breast cancer in pregnancy - Genetic testing -
Genetic mutations - Prenatal screening -
Prognosis - Tumor suppressor genes

J. Chen - V. Prasath - J. Axilbund - M. Habibi (><1)
Department of Surgery, Johns Hopkins University,
School of Medicine, Baltimore, MD, USA

e-mail: jennifer.chen@jhmi.edu; vprasatl @jhu.edu;
solleje@jhmi.edu; mhabibi2 @jhmi.edu

© Springer Nature Switzerland AG 2020

17.1 Overview

Globally, it is agreed that genetic testing should
be offered to all women less than 40 years of age
who are diagnosed with breast cancer, regardless
of family history [1]. Criteria for BRCA testing
include patients with (1) breast cancer diagnosed
before age 50, (2) bilateral breast cancer, (3) two
primary breast cancers, (4) personal or family
history of ovarian cancer, (5) two or more primary
types of BRCAI- or BRCA2-related cancers in a
single family member, or (6) family history of
male breast cancer [2-4]. In addition to those
with a positive family history of breast, ovarian,
or pancreatic cancer, specific populations to
consider include Ashkenazi Jews, who have a
tenfold increase in prevalence of BRCAI and
BRCA2 mutations compared to the general
population [2]. Patients with PABC are generally
includedin the first criterion and are recommended
to undergo genetic testing. However, there is no
specific study about these cases, and whether
testing should be carried out during pregnancy or
after delivery is not known. Testing prior to
delivery should generally only be performed if
positive results will change management plans,
such as undergoing fetal testing and deciding
between proceeding with mastectomy versus
breast conserving surgery.
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17.2 Identifying Patients at Risk

No risk factor linked specifically to breast cancer
during pregnancy has been identified. However,
genetic susceptibility syndromes are typically
associated with younger ages at cancer diagnosis
than seen in the general breast cancer population.
As a result, women with an inherited breast can-
cer predisposition syndrome are presumably at
greater risk for pregnancy-associated breast can-
cer (PABC). Recent literature suggests that
around 5-10% of breast cancers stem from inher-
ited genetic susceptibility, and many of these
heritable breast cancers are due to mutations in
tumor suppressor genes BRCAI and BRCA2 [2,
5]. Other genes associated with substantially
increased risk of young-onset breast cancer
include TP53, PTEN, STKI1 and CDHI [6, 7].
For example, patients with a 7P53 mutation have
up to 85% absolute risk of breast cancer by age
60 and the cancer often occurs in a woman’s 20s
or 30s with this particular gene; although inher-
ited TP53 mutations are much rarer than muta-
tions in BRCAI and BRCA2 [7-9].

17.3 Genetic Testing Logistics

Once inherited predisposition to breast cancer is
suspected, many genetic tests are commercially
available to potentially identify presence of a
gene mutation. Genetic testing for this purpose is
non-invasive, as sample types most commonly
tested are blood or saliva from the affected indi-
vidual. While previous sequencing techniques
historically evaluated individual genes of interest
one at a time, at substantial time and expense to
patients and the healthcare system, advances in
high throughput sequencing techniques now offer
multi-gene panel testing and full genomic testing
with greater efficiency and reduced costs. Prior to
2013, BRCAI and BRCA2 genes tests were exclu-
sively available through Myriad Genetics due to
patent ownership [2]. However, in 2013 the
United States Supreme Court ruled against pat-

enting of human genes, thereby allowing com-
mercial competition. As a result, dozens of
companies now offer testing of these two genes,
as well as many others genes relevant to breast
cancer [2]. It is important to ensure that the labo-
ratory offers full sequencing of the genes, as well
as analysis of copy number variants. Additionally,
a robust system for variant interpretation is of
utmost importance. Other important issues to
consider in obtaining genetic testing involve cost,
insurance coverage and availability of genetic
counseling. While results may allay anxiety
among patients, the possibility of identifying
variants of uncertain significance (VUS) or other
unintended genetic predispositions should be
carefully considered before pursuing screening
[6]. Additionally, although some protective legis-
lation exists, the potential of breaches in personal
data safety and genetic discrimination from the
part of employers or health insurers based on
positive genetic profiles represent other consider-
ations prior to undergoing genetic testing.
Involving a genetic counselor in this process
helps ensure that these issues are adequately
addressed with the patient.

17.4 Screening Options
and Timing

For patients who have BRCA mutations, annual
MRI starting at the age of 25 and annual mam-
mography beginning at the age of 30 are recom-
mended for screening; screening
recommendations for rarer genetic mutations
vary based on estimated prevalence and approxi-
mate breast cancer risk portended (Table 17.1)
[10-12]. Although routine imaging should be
performed in genetically susceptible women,
imaging by mammography and MRI with con-
trast are best postponed during pregnancy. Breast
examination, although less sensitive than in non-
pregnant women (see also Chap. 2), and ultra-
sounds can be performed at the time of screening
(see also Chap. 3) [13].



131

17 Concerns of Hereditary Breast Cancer in Pregnancy and Lactation

USIMO[ IZBUAYSY U,
punosenn g,

189K £ Y[SLI QATJB[AI Yy TOOUBD UBLIBAO PUR JsBAIq AIRNIPAIOH DOGH ‘AydeiSowruuew oumnuniu ‘UOTIRUTWIEXS JSBAIq [BIIUID) g ‘UONRUIWEXI-J[OS ISBAIg FS¢ ‘190Ued Isealq Dg

K10)81Y 93e 193unok
A[rurey pue ysLI A[IWEJ U0 PIseq SUOISIOAp SUIUAINS BIWOUR [UOdUR, | Je S IRl ‘97 X Y| 000°001:1 2971vd
s3urpuy g snorordsns K10381Y BISBIOITUL[Q) souas 1oyjo ueyl | 0000011
10J (P[OIYS YIIM) owwewr onsouerq A[muiey pue ysL A[IWEeJ U0 pIseq SUOISIOAp SUIUAINS -BIXB)Y juenouad ssop ‘Z X M| —000°02:1 WLV
£09 Aq 3511 %€
owlweW [enuue ‘ggo) [enuuelq A ¢g wWorj QWIOIPUAS K0y AQ ST %8 | 000°08T:1
dsd AQpuow £ g woig s10y3af-21nag 0T x ¥4 |  —000°ST1 [1YLS
SUTUAAIDS J9OURD [BLIIQWOPUS PAZI[BNPIAIPU]
T 1o owwew
[enuue D¢ A[ruwe] 3sa1Iee> A ()[—G 10 A GE—()§ WOoL]
K1oA11op gD [enuuelq :A Gz WoL] QUIOIPUAS
Toye RIN/owwTw Fulu2d108 SN pro1Ay) [enuue ‘g A 8] WOk uapMmo) SU QWD %0S-ST | 000°00T: I NALd
TMIA J0/pue owwew [enuue ‘ggo
[enuuelq :Dg A[Iwe)y I1sa1pIed > A ()]G 10 ‘A g7—(7 Wolf QWIOIPUAS K09 £q s 9506<
ssurpuy aanrsod 104 § dasd :£ g1 woxg uaumeL -1 £ gy £q NS %96 | 000°0T:1T £6di
[N 1o/pue 0L 93e £q )SU 9% LG—6F 071 voud
Kougudaid Surmp gg) pue 4Sd owiweul [enuue ‘ggo [enuuelq pue gsg A g woig D0gH 0201 X ¥4 00%:1 1vo¥d
Koueugard Jnoy3nory) suonsa33ng SUOTIBEPUIWIWIOAI SUTUAAINS NDDIN QUWIOIPUAS st Dg pauoday | oouareaard Quan
PaIRIoO0SSY parewnsy
Koueu3aid JnoySnoay) Furuaards SUIOTUO YSLI JOOULD ISBAIQ PASLAIOUL 0) PAJR[AL SAUAD)  |°/| d|qeL



132

J.Chenetal.

17.5 Genetic Risk to the Fetus

Most breast cancer susceptibility genes are inher-
ited in an autosomal dominant pattern, conferring
a 50% chance that the fetus also carries the gene
mutation. Because of this, parents may request
prenatal diagnosis to determine their child’s car-
rier status. The decision to undergo genetic testing
of the fetus prior to birth highlights key ethical
issues regarding parental rights versus individual
autonomy. Most arguments against prenatal diag-
nosis for cancer predisposition aim to protect the
autonomy and medical rights of the unborn child,
particularly for adult-onset conditions for which
there are no recommended medical interventions
before the age of majority. However, prenatal
genetic testing may also influence the decision to
continue or terminate the current pregnancy, with
some patients choosing to abort a carrier fetus
[14]. In regard to maternal outcomes, current
studies indicate no improvement in disease prog-
nosis with termination of pregnancy. However, in
patients with highly aggressive and advanced
stage disease, termination may be considered in
order to undergo chemotherapy, which is contra-
indicated in the first trimester (see also Chap. 15).

17.6 Genetic Risk to Family
Members

Identification of genetic predispositions in this
patient population has implications for other rela-
tives beyond the fetus. The vast majority of these
mutations are inherited from a parent, thereby con-
veying risk to the parent of origin, the patients’ sib-
lings, previous offspring, and other extended family
members. Additionally, risk to subsequent off-
spring should also be considered. For future preg-
nancies, patients with BRCAI/2 or other known
mutations may be able to utilize preimplantation
genetic diagnosis (PGD) to select for unaffected
embryos through in vitro fertilization. Ethical
issues regarding parental reproductive rights, rights
of embryos, and appropriateness of using PGD for
early versus late-onset and full versus incomplete
penetrance genetic profiles should be discussed as
a part of the genetic counseling process [14].
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Abstract

Paget’s disease of the breast (PDB) is a rare
breast carcinoma believed to arise from an
underlying in situ or invasive ductal cancer
that migrates through the epidermis causing
characteristic skin changes including scaling,
redness, and itching of the nipple, areola, and
sometimes the surrounding skin. Although
Paget’s may mimic benign conditions such as
contact or allergic eczema and mastitis, it
should remain a strong consideration in the
differential diagnosis, especially in peripar-
tum women for whom benign conditions such
as bacterial mastitis from breastfeeding are
common. The workup of Paget’s should focus
on both making the diagnosis with nipple/skin
scrape cytology or punch biopsy as well as
evaluating any underlying mass with mammo-
gram, breast ultrasound, and also a core nee-
dle biopsy, if required. Treatment focuses on
management of the underlying breast cancer
as usual. The purpose of this chapter is to
describe the presentation of PDB as well as
outline an approach to its diagnosis and man-
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agement, especially in the setting of preg-
nancy and lactation.

Keywords
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18.1 Overview

Paget’s disease of the breast (PDB) is a rare form
of breast cancer, which appears in the nipple epi-
thelium, as originally described by Sir James
Paget in 1874. Accounting for only 1-3% of new
cases of female breast cancer diagnosed annually
in the United States, it is far less common than
other presentations of breast cancer [1, 2]. Most
(>95%) of patients with PDB have underlying
ductal breast cancer, either in situ or invasive [1,
3]. Malignant cells are believed to migrate
through the epidermis where the disease becomes
initially apparent in the nipple, followed by the
areola, and finally the surrounding skin [1]. The
underlying carcinoma may be associated with a
palpable mass on exam, but in less than half of
cases, the cancer is clinically and radiologically
undetectable. Commons symptoms include flaky
or scaly skin on the nipple; crusty, hard, or thick
skin; a lump in the breast, bloody nipple dis-
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charge, itching, or redness. Ulceration and nipple
inversion are sometimes present and are usually
late findings occurring with more advanced dis-
ease [4]. The underlying breast cancer is almost
always ductal in subtype, high-grade in nature,
and is composed of cells similar to those nor-
mally present within the epidermis.

The workup of PDB focuses on both estab-
lishing the diagnosis and identifying an underly-
ing breast cancer, if present. Three-dimensional
and diagnostic mammograms as well as ultra-
sound and MRI can be utilized to radiologically
identify a mass. Bilateral mammography is help-
ful for identification of an associated mass and to
exclude synchronous cancers or widespread cal-
cifications that might preclude breast conserving
surgery (BCS). Breast ultrasound, 3D
mammography, and MRI should be used to fur-
ther evaluate and guide breast core needle biopsy
of any palpable mass or mass-like mammo-
graphic abnormality [4]. Nipple scrape cytology
can accurately diagnose PDB but the diagnosis is
usually made by punch biopsy of the nipple or
full-thickness wedge biopsy. On histology,
intraepithelial adenocarcinoma (Paget) cells are
seen; these cells are positive for low molecular
weight cytokeratins, a feature useful in distin-
guishing PDB from squamous carcinoma of the
epidermis (Bowen’s disease), which has a similar
clinical presentation but expresses high molecu-
lar weight cytokeratins [5, 6].

Prognosis of PDB is based upon the character-
istics of the underlying breast cancer, which also
guide treatment. Simple mastectomy has been the
historical standard treatment; however the wide-
spread use of BCS for invasive and in-situ ductal
carcinoma has led to its utilization in PDB as
well. Treatment can be divided into those who
present with and without a palpable mass or
abnormal imaging. If PDB is present in associa-
tion with a palpable mass or mammographic
abnormality, the associated breast cancer tends to
be at a more advanced stage than when a mass is
absent. Both the nipple-areolar complex (NAC)
and the underlying cancer must be excised. Many
patients require mastectomy; however, if the
NAC and underlying mass can be excised with an
acceptable cosmetic outcome and negative mar-

gins, BCS followed by whole breast radiation
therapy (RT) is an appropriate treatment option.
Those who present without a palpable mass or
imaging abnormality still often have an underly-
ing associated carcinoma but, in most cases, this
tends to be DCIS. Nonetheless, invasive cancer is
present in about one-fourth to one-third of cases
[1, 7]. Both simple mastectomy and BCS are via-
ble treatment strategies. Additionally, some have
described complete resection of the NAC alone
followed by whole breast RT as a reasonable
alternative with acceptable long-term recurrence
and survival outcomes [4, 8]. Management of the
axilla in PDB is the same as for any breast cancer,
depending on the nature of the underlying
carcinoma.

18.2 Concerns in Pregnancy
and Lactation

Paget’s disease in the lactating breast can often
mimic benign eczematous lesions (Fig 18.1).
As pregnancy-associated breast cancer (PABC)
is reported to have an increased recurrence and
mortality rate, potential Paget’s cases should
be extensively worked up to prevent delays in
diagnosis due to physiologic pregnancy-asso-
ciated breast changes (see also Chap. 1). By
promptly detecting PABCs, treatment can be
more rapidly initiated. Utmost care can then be
taken to safely treat the cancer without affect-
ing the fetus/infant (see also Chaps. 12—-16 and
21).

A recent case report details the clinical course
of a 32-year old woman who presented in her
breastfeeding period, but whose symptoms were
assumed to be lactation-related and the disease
was not initially identified. She eventually re-
presented with ulceration and retraction of the
nipple and a 1.5 cm breast lump. Modified radi-
cal mastectomy was performed. Final pathology
report revealed infiltrating ductal carcinoma,
ductal carcinoma in situ and Paget’s disease of
the nipple while eleven dissected lymph nodes
were involved. The patient died with metastatic
disease one year later despite adequate treatment
[9]. This case reminds the need to careful atten-
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Fig. 18.1 Paget’s disease of the breast; scaling of the
nipple areolar complex in a 34 years-old pregnant woman,
20 weeks of gestational age

tion to nipple changes during pregnancy and
lactation.

Normal physiological changes during preg-
nancy can make diagnosis of Paget’s more chal-
lenging. PDB should be considered in the
differential diagnosis when encountering a patient
with unilateral nipple changes. In addition,
eczema of the nipple and areola can occasionally
develop in the pregnant or postpartum breastfeed-
ing patient and is associated with pruritus, red-
ness, and pain (see also Chap. 5). Differential
diagnosis includes benign conditions such as
allergic or contact dermatitis which often respond
to elimination of the offending agent. Alternatively,
bacterial or fungal mastitis can have a similar pre-
sentation with therapies targeted to the most com-
mon infectious culprits, generally staphylococcus
aureus and group A streptococcus if bacterial, and
candida if fungal. Physicians should suspect PDB
if the eczematous changes present unilaterally or
if they persist for more than 3 weeks [10]. Up to
20% of patients have signs/symptoms of PDB for
longer than a year before seeking medical atten-

tion. Several factors contribute to a sometimes
profound delay in diagnosis. Patients and provid-
ers may conclude that the eczema-like appearance
and pruritus of the nipple are due to local inflam-
mation and empirically recommend treatment
with topical steroids, resulting in transient or sus-
tained improvement in symptoms and/or appear-
ance of the nipple — so-called healed PDB, which
reinforces the misconception that the clinical
abnormality is insignificant. Additionally, physi-
cians are often reluctant to perform a punch
biopsy of the nipple expecting the problem to be
minor and benign, or having a false assumption
that a nipple biopsy will result in disfigurement or
impair future lactation.

Timely diagnosis of PDB requires a low
threshold for obtaining a diagnostic workup and
additional biopsies. Any unilateral nipple abnor-
mality that is more severe than expected and any
physiologic changes of gestation in a pregnant or
breastfeeding woman should be sufficiently
worked up until malignancy is ruled out. It is
important to remember that treatment options for
PDB are safe, even during or immediately fol-
lowing pregnancy. Surgery is possible at any time
period and chemotherapy can be used following
the completion of the first trimester. Radiation
therapy is not feasible during pregnancy but can
be used following delivery. The type of surgery in
regard to breast conserving survey or mastec-
tomy follows the same guidelines as PABC (see
also Chap. 12).
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Abstract

Phyllodes tumor constitutes around 1% of all
and 2.5% of fibroepithelial breast lumps.
Three types including benign, borderline, and
malignant tumors have been described. The
benign variant is the most common, is close to
fibroadenoma, but is usually larger and recurs
more frequently. The rare malignant type is
aggressive. Standard treatment consists of
lumpectomy with appropriate margins for
benign phyllodes tumor, while the borderline
and malignant variants must be treated by
wide resection or mastectomy. Phyllodes
tumor is a rare tumor in pregnancy and lacta-
tion, and the effect of gestational alterations in
hormone levels on this tumor have not been
discussed in the literature, except for several
case reports. In summary and alluding to our
recent literature review, large size, fast growth,
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bilaterality, and probably malignancy are
more commonly expected in gestational phyl-
lodes tumors.
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19.1 Overview

The first description of phyllodes tumors was
provided by Johannes Muller in 1838. Owing to
its leaf-like appearance on microscopic examina-
tion, Muller named it cystosarcoma phyllodes
after phyllon, the Greek word for leaf. The term
most widely used today is phyllodes tumor (PT),
as designated in the World Health Organization’s
classification of tumors [1, 2]. PT accounts for up
to 1% of all breast tumors and 2.5% of fibroepi-
thelial lesions, and its incidence is no more than
2.1 per million population [2-5].

On the basis of quantitative microscopic fea-
tures, three types of PT have been defined:
benign, borderline, and malignant PT. The benign
variant is most frequently encountered and is
close to fibroadenoma both in its histologic and
clinical presentation, except for a typically larger
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size at presentation and relatively high rate of
recurrence. The rare malignant type may follow a
very hostile course and recur as extensive local or
distant disease [2, 5-8].

Women can be affected at any age, but the
average age at presentation is about 40—45 years.
The most common clinical finding of PT is a
breast lump, which is generally a circumscribed
firm mobile mass with rapid growth. Although
the average size of PT is around 4 cm to 5 cm,
large sizes up to 20 cm or more are not unex-
pected. Recent imaging technology has led to the
detection of much smaller tumors. The occur-
rence of PT in both breasts is an exceptional
event that is known to occur in 0.3-3.5% of cases,
whether in a synchronous or metachronous set-
ting [2-4, 9].

An ultrasound (US) scan usually shows a cir-
cumscribed, lobulated mass with cystic spaces
and heterogenic echogenicity [10, 11].

Standard treatment of benign PT entails exci-
sion of the mass to 1 cm clear margins. Borderline
and malignant pathology necessitates wider mar-
gins of resection. Recent evidence suggests that
thinner margins might also be appropriate.
Mastectomy is carried out for large tumors, most
commonly borderline or malignant types, and
recurrences. As this tumor usually does not
spread via lymphatics, no axillary intervention is
required, except for clinically suspicious lymph-
adenopathies [5, 8, 12, 13].

Other forms of therapy including chemother-
apy, radiotherapy, endocrine therapy, or immune
therapy are not recognized as standard treatment
in PT but are administered based on individual

characteristics of patients and tumors.
Chemotherapy can be considered for malignant
cases, and effective palliation has been docu-
mented in metastatic PT [5, 8,9, 14].

19.2 Concerns in Pregnancy
and Lactation

PT is a rare tumor, and its presentation in preg-
nancy or breastfeeding and the effect of gesta-
tional alterations in hormone levels on preexisting
PT have not been discussed in the literature,
except for several case reports. All three types of
phyllodes tumor, benign (Figs. 19.1 and 19.2),
borderline and malignant have been reported in
pregnancy and lactation.

Through a comprehensive review of the exist-
ing literature , Alipour et al [51] collected data of
37 patients who had presented in the gestational
period and had been reported between 1954 and
2018. These patients harbored 43 PTs; Table 19.1
shows the tumor and patient characteristics, and
the surgical approach to each tumor. The mean
age was 31 (21-43) years, younger than the typi-
cal age for PT, which is easily attributed to the
reproductive age. Unlike PT occurring in non-
pregnant women, bilaterality was not an infre-
quent event; and the rate of malignancy was
unexpectedly high, constituting around 60% of
all tumors. As well, the size of lesions at the time
of seeking medical attention was much larger
than a typical PT, with a mean of around 14 (1.5—
40) cm.

Fig. 19.1 (a—c) Ultrasound image of a 38«15 mm mixed echo tumor in a 33 year-old lactating woman. Histologic
exam showed a benign phyllodes tumor. (Courtesy of Dr. Haixian Zhang)
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Fig. 19.2 (a—d) Ultrasound image of a 7%8%7 cm mixed
echo tumor in a 24 year old lactating woman. Histologic
exam showed interstitial hemorrhage and inflammatory

The study showed that benign and borderline
tumors had been treated by lumpectomy or mas-
tectomy, with a slight predilection for the latter.
Results regarding reported follow-up showed
good control of all tumors for both types of sur-
gery. In malignant PT, rates of lumpectomy and
mastectomy were approximately the same.
Follow-up of the patients was not reported in
many cases, but as far as reported, recurrence had
occurred in six patients. In total, two of these had
undergone mastectomy, whereas four had initially
been treated using lumpectomy and had under-
gone mastectomy at recurrence. These figures

cell infiltration in a benign phyllodes tumor. (Courtesy of
Dr. Haixian Zhang)

were too low to be interpreted, but it was observed
that recurrence had been reported more frequently
in malignant cases that had undergone lumpec-
tomy as opposed to those who had undergone
mastectomy as first therapeutic intervention.

In summary and alluding to this recent sys-
tematic review, large size, fast growth, and bilat-
erality may be more common in gestational than
non-gestational PT. These features may account
for the dependence of PT on sex hormones.
Furthermore, considering the high rate of malig-
nancy in these tumors, the probability of malig-
nant transformation of benign PT under the
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Table 19.1 Patient and tumor characteristics, surgical approach, and follow up in all tumors

Gestation period| Laterality Pathologic type First surgery
First author, year Patient age | Py PP |Uni |Bil |Ben |Bor |Mal |Lum |Mas
Andreola, 2012 [15] 29 v v v/ v/ VP
Aranda, 2005 [16] 32 v 4 v 4
Ariel, 1961 [17] 31 v v v v
Bal, 2012 [18] 32 4 4 v/ 4
Blaker, 2010 [19] 27 v v v v
Cha, 2017 [20] 30 4 v 4 v
Chai, 2015 [21] 25 v 4 v 4
De Carvalho, 1999 [22] |28 v v 4 4
Furuya, 2012 [23] 32 v v v v
Gentile, 2016 [24] 22 4 v v 4
Hernanz, 2017 [25] 35 v v v A v
Kallam, 2017 [26] 32 v 4 4 4
Kelten, 2016 [27] 37 4 4 v/ 4
Lee, 2018 [28] 21 d d 4 v/ 4
Lester, 1954 [29] 26 v v v v
Li, 2008 [30] 27 d d v v v
Likhitmasku, 2014 [14] |36 v v v v
Mrad, 2000 [31] 32 d d v v/? VP s VP
Murthy, 2016 [32] 25 v 4 v v
Narla, 2018 [33] 28 d d 4 v/ Ve
Nejc, 2007 [34] 28 v 4 v v
Pacchiarotti, 2011 [35]* |41 v v v v
Pandit, 1985 [36] 32 v v 4 v/? /P
Pasta, 2012 [37]* 43 v v v
Pytel, 2009 [38] 25 4 4 4 4
Ray, 2011 [39] 24 v 4 v v
Reich, 1958 [40] 23,33 v* /i v v 4 s
Sharma, 2004 [41] 35 v v v v
Simpson, 2007 [4] 29 v v v v
Testori, 2015 [42] 33 v 4 v v
Tortoriello, 2017 [43] 37 v v v v
Vergine, 2012 [44] 27 v v 4 v
Vintea, 2016 [45] 29 v v v v
Ward, 1986 [46] 28 4 v 4 4
Way, 1998 [47] 35 v 4 v v
Weledji, 2014 [48] 30 4 4 v/ /I
White, 1954 [49]° 22 v v 4 v/

“right breast; "left breast; “further left mastectomy for potential residue; missing data; left side, for potential residue;
*further mastectomy for residue; ‘further mastectomy for recurrence; Ben benign, Bil bilateral, Bor borderline; Lum
lumpectomy, Mal malignant, Mas mastectomy, PP postpartum, Py pregnancy, Uni unilateral. a: pregnancy after hor-
monal stimulation due to infertility, b: had metachronous bilateral phyllodes tumor, c: adenofibrosarcoma in intracana-
licular fibroadenoma as described by Hill & Stout, who had used this term as equivalent to cystosarcoma phyllodes [50]
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Abstract

Inflammatory breast cancer (IBC) represents
only 1% to 5% of all breast malignancies and
is an extremely aggressive subtype. At time of
diagnosis, up to 85% of patients will present
with regional nodal metastases and up to 30 %
will have metastasis to distant organs. There is
limited medical literature describing treatment
guidelines for IBC during gestation. The best
diagnostic tools are core needle and full-
thickness skin punch biopsies to assess pres-
ence of dermal lymphatic invasion. Breast
Ultrasound is preferred to mammogram, but
mammography could still be done with proper
fetal shielding. Ultrasound and Magnetic reso-
nance imaging are used for staging. Pregnant
patients should be managed with special atten-
tion to the health of the fetus by a multidisci-
plinary team. Treatment based on current
guidelines consist of a sequence of systemic
chemotherapy followed by mastectomy with

axillary dissection (modified radical mastec-
tomy), and even if good clinical nodal response
to neoadjuvant therapy is obtained, sentinel
node biopsy is not recommended. Radiation
therapy is to be given once the baby has been
delivered. Chemotherapy is not recommended
in the first trimester, and anti-estrogen hor-
monal therapy, as well as targeted Her2-neu
therapies are contraindicated during the length
of the pregnancy. There is no evidence that
early termination improves the outcome.
However, given the poor prognosis of IBC,
patients should be fully counseled on the risks
and benefits of continuing or terminating an
early pregnancy.
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Overview

Inflammatory breast cancer is an uncommon and
extremely aggressive subtype of breast cancer,
representing only approximately 1% to 5% of all
breast malignancies [1, 2]. The first clinical
description and the term of “inflammatory breast
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cancer (IBC)” was coined by Lee and
Tannenbaum in 1924 [2]. It typically presents
with concurrent rapid onset of erythematous skin
changes with unilateral breast enlargement
within 3—6 months with a classic description of a
peau d’orange (skin of an orange) appearance [3,
4]. It may be associated with a breast mass or
may rather present with breast engorgement and
diffuse induration without a mass. The name
itself is misleading because IBC does not present
with histological features that are typical of an
inflammatory process [5]. Based on the 7th edi-
tion of the AJCC Cancer Staging Manual, when
a woman is diagnosed with IBC, she already is
considered advanced stage IIIB, IIC, or IV
depending on the extent of nodal involvement
and whether or not distant metastases are pres-
ent. The primary tumor is classified as T4d by
definition [6]. At diagnosis, up to 85% of patients
will present with metastasis to regional lymph
nodes and up to 30% of patients have distant
metastasis [4]. Consequently, this advanced
diagnosis at the onset translates to IBC patients
having much lower median survival times, and
local recurrence rates as high as 50% compared
with other common breast cancers [7]. One study
examining 398 patients with IBC treated between
1974 and 2005 found that the median overall
survival time was 4.2 years [8]. Even though
there is ample literature about breast cancer dur-
ing pregnancy, there is limited work describing
IBC during gestation.

The incidence of pregnancy-associated breast
cancer (PABC) ranges between 15-35 per
100,000 deliveries [9, 10] (see also Chap. 9).
These patients have a similar survival and prog-
nosis rate when matched for stage of disease at
diagnosis with non-pregnant patients. A study
examining 111 patients with breast cancer diag-
nosed during pregnancy matched to 253 patients
on age, clinical T stage, hormone receptor, HER2
and treatment modality used found that there was
no significant difference in the survival outcome
rates between the two cohorts [11]. Breast cancer
during pregnancy is a challenging situation that

requires consideration of the welfare of both
mother and fetus. The presentation of breast
cancer in pregnant women is similar to non-preg-
nant females, including a palpable mass or breast
thickening. The diagnosis is usually delayed dur-
ing pregnancy attributed to not suspecting malig-
nancy by neither the patient nor the physician;
due to the breast changes that occur normally
during gestation [12] (see also Chap. 11).
Therefore, women diagnosed with breast cancer
during pregnancy often present with an advanced
tumor stage and axillary lymph node involve-
ment [13]. A study done by Bonnier et al. [14]
comparing 154 pregnancy-associated breast can-
cer patients with 308 non-pregnancy-associated
breast cancer patients revealed that the rates of
inflammatory breast cancer, large tumors and
negative receptor status breast cancer was higher
in the pregnancy-associated group. Histologically
most tumors are poorly differentiated ER/PR
negative and 20-30% HER2 positive [15] (see
also Chap. 10).

20.2 Concernsin Pregnancy

The diagnosis poses a clinical and treatment
challenge, as physical examination of the breast
during pregnancy is difficult due to increased
breast density and firmness (see also Chaps. 1
and 2) as well as the considerations that must be
taken from the materno-fetal treatment implica-
tions standpoint (see also Chaps. 12 and 21) [13].
The rapid growth of the breast in IBC could be
mistaken for the natural growth during preg-
nancy. The common differential diagnosis of IBC
is mastitis, which is common during pregnancy
and is a reason for delayed diagnosis [16] (see
also Chap. 7). Inflammatory breast cancer can
also be mistaken for another type of locally
advanced breast cancer (Fig. 20.1). Moreover,
clinicians may not be experienced on the diagno-
sis of IBC and miss it in favor of a dermatologic
disease, which postpones the correct diagnosis
[17].
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Fig. 20.1 Inflammatory
breast cancer with peau
d’orange, skin erythema,
nipple retraction and
breast induration in a

28 years old African
American woman in 2nd
trimester of pregnancy

There are no specific treatment guidelines for
IBC in pregnant patients, and so the best recom-
mendation from the National Comprehensive
Cancer Network (NCCN) is that pregnant patients
should be treated as non-pregnant cases with spe-
cial attention to the health of the fetus [18]. The
main concern in this regard is limitation for radi-
ation and timing of starting chemotherapy in the
second trimester. In this chapter, we will review
the recommended workup and treatment options
for IBC with attention to each trimester of preg-
nancy and treatment specific to receptor subtypes
as dictated by the recommended standard breast
cancer guidelines.

20.3 Current Treatment
Guidelines for Inflammatory
Breast Cancer

In general, treatment for pregnant patients with
breast cancer should adhere as closely as possible
with guidelines recommended for non-pregnant
patients. The National Comprehensive Cancer
Network (NCCN) guidelines and the interna-
tional IBC expert guidelines recommend an
aggressive tri-modality approach, in a sequence
of systemic therapy followed by mastectomy
with axillary dissection and radiation therapy if
there is a good response to the systemic therapy
[3, 18]. Response to neoadjuvant therapy to
downstage the tumor is necessary before
mastectomy is performed [19]. If patients do not
respond to neoadjuvant therapy, then additional

chemotherapy and radiation options should be
performed. If the patient responds to these sec-
ondary options, then a mastectomy and adjuvant
treatment with radiation should follow [18]. IBC
in pregnant women should be managed by a mul-
tidisciplinary team including a medical oncolo-
gist, a surgical oncologist, a radiation oncologist,
an obstetrician and a neonatologist. It is
recommended not to perform a skin-sparing

Table 20.1 Summary of diagnostic work up and treat-
ment options for inflammatory breast cancer during
pregnancy

Imaging

Diagnostic Bilateral diagnostic mammogram
with shielding
Breast US for LN assessment
Core biopsy (Tru-cut +/— US
guided)
Skin punch biopsy (recommended)

Staging Chest X-ray with fetal shielding
Liver US
Thoracic & lumbar spine MRI
without contrast

Systematic therapy

Chemotherapy | No in Ist trimester
Yes in 2nd and 3rd trimester

Endocrine No

HER?2-Targeted | No

Surgery Yes
Mastectomy + Axillary dissection
Fetal monitoring

Radiation No

therapy

HER?2 Human Epidermal Growth Factor Receptor 2, LN
lymph node, MRI Magnetic Resonance Imaging, US
Ultrasound
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mastectomy, immediate breast reconstruction or
sentinel node mapping, which may be appropri-
ate in other types of locally-invasive breast can-
cer [3, 20]. Table 20.1 summarizes the workup
and treatment of IBC during pregnancy.

20.4 Diagnostic Workup

A pregnant patient who is suspected of having a
breast mass in any trimester while pregnant
should undergo a careful history taking, physical
exam and imaging. A physical inspection of the
breast and regional lymph nodes is crucial to help
determine severity, although physiologic altera-
tion that occur secondary to hormonal changes of
pregnancy make examination difficult (see also
Chap. 2). Moreover, inflammatory or infectious
problems of the breasts are common during

S.Linhares et al.

pregnancy since breast milk represents a lactose
rich culture medium for bacteria [21] (see also
Chap. 7). After a thorough physical examination,
the patient should undergo diagnostic imaging by
ultrasound to determine the extent of the disease,
examine the regional lymph nodes and guide the
biopsy (Fig. 20.2) [22]. It is not recommended to
perform an MRI with contrast during pregnancy
because gadolinium-based contrast has been
linked to an increased risk of rheumatological,
inflammatory or infiltrative skin conditions in the
child, as well as stillbirth and neonatal death in a
cohort of 397 women exposed to gadolinium in
the first trimester of pregnancy versus 1,418,451
women who did not undergo an MRI while preg-
nant [23]. Also, animal models have shown
that gadolinium can cross the placental barrier
and cause fetal abnormalities [24, 25] (see also
Chap. 3).

Fig.20.2 Ultrasound in a 28 years-old African American
female in 2nd trimester of pregnancy with inflammatory
breast cancer showed an 8 cm oval hypoechoic mass in the

left breast at 6 o’clock posterior depth with multiple cystic
spaces
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According to an international consensus on
the clinical management of IBC the preferred
type of biopsy is core needle biopsy with two
full-thickness skin punch biopsies due to the fact
that the defining feature of this disease is dermal
lymphatic invasion by tumor cells [19].

For staging of the tumor, the protocol is the
same regardless of the trimester of pregnancys;
the difference is in the choice of radiological
staging trying to minimize fetal exposure to radi-
ation. Since IBC is minimum T4d at initial diag-
nosis, it is recommended to perform a chest x-ray
with shielding, US of the liver and MRI of tho-
racic and lumbar spine without contrast [18].
These are summarized in Table 20.1.

20.5 Treatment Options
20.5.1 Neoadjuvant Chemotherapy

The standard systemic chemotherapy treatment
used today is anthracycline- and taxane- based
neoadjuvant therapy [3, 19]. There has not been
any large clinical trial data to determine the opti-
mal chemotherapy regimen for patients with
IBC; thus, the treatment regimen is based on that
used for locally advanced breast cancer. The
incorporation of taxanes into the treatment has
been shown to improve treatment outcomes. A
minimum of six cycles should be administered
over a period of 4-6 months before surgery is
considered, in order to evaluate the response
[19]. It is important to note that any type of che-
motherapy should not be administered after week
35 of pregnancy or within 3 weeks of a planned
delivery in order to avoid hematologic complica-
tions [18].

It is contraindicated to  administer
anthracycline-based treatment during the first tri-
mester due to the risk of fetal malformations,
especially during the first 14 weeks due to organ-
ogenesis. A review by Shachar et al. [26] com-
piled reports of neural tube defects, cleft lip, cleft
palate, cardiac defects and even fetal death. Rates
of fetal malformations were between 3—5% in the
second and third trimesters. Anthracycline-based
chemotherapy during the second and third tri-

mesters may increase the risk of preterm labor
and low birth weight. One study done by Hahn
et al. [27] reported that out of 57 patients, most
delivered at 34 weeks or above, and gestational
age was 37 weeks in 37%, while 28% of the new-
borns had difficulty in breathing. However, they
did not have any stillbirths, miscarriages, or peri-
natal deaths.

Taxane-based chemotherapy is also contrain-
dicated during the first trimester for the same rea-
sons as anthracycline-based treatment since there
is limited data of use. There also exists limited
data during the second and third trimesters, and
so it is recommended not to use taxanes unless
absolutely necessary [26] (see also Chap. 15).

20.5.2 Anti-HER2 Therapy

The occurrence of HER2 receptor positive IBC
ranges between 26-30% [28, 29]. Non-pregnant
patients with IBC that over-express HER2 should
receive trastuzumab along with the standard che-
motherapy regimen for at least one year. This is
based on data from a randomized, controlled
phase 3 trial by Gianni et al. [30]. They compared
the survival rates of a cohort of patients with
locally advanced HER2 positive tumors who
received chemotherapy plus trastuzumab versus a
second cohort of patients with locally advanced
HER2 positive tumors who only received stan-
dard chemotherapy. The 5-year event-free sur-
vival rate in the first and the second group was
58% and 43 %, respectively.

However, trastuzumab is contraindicated in
pregnancy and in breast-feeding mothers. FDA
released a statement in 2010 classifying trastu-
zumab as a Category D drug, detailing the risks
of oligohydramnios potentially leading to pulmo-
nary hypoplasia, skeletal abnormalities and even
fetal death. A review done by Zagouri et al. [31]
investigatung 17 studies found that overall 61.1%
of pregnant patients taking trastuzumab experi-
enced  oligohydramnios/anhydramnios  and
73.3% of patients in the second and third trimes-
ter experienced oligohydramnios/anhydramnios.
Pertuzumab is a monoclonal antibody that blocks
the formation of HER2:HER3 heterodimers and
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is often administered with trastuzumab due to
higher complete response rates with dual admin-
istration. A phase 2 randomized control trial
found that patients on trastuzumab and pertu-
zumab versus just trastuzumab had 5-year sur-
vival rates of 86% and 81%, respectively [32].
However, there is not enough data detailing use
and outcomes within a pregnant population and
so its use is recommended to be avoided. In spe-
cial high-risk situations, the use of trastuzumab
should be thoroughly discussed between the
patient and physician to weigh the risks and
benefits.

20.5.3 Endocrine Therapy

The occurrence of hormone-receptor positive
IBC ranges between 33-56% [28, 29]. The stan-
dard recommended endocrine therapy for
hormone-receptor positive tumors in IBC is
tamoxifen or an aromatase inhibitor for a mini-
mum of 5 years [19]. However these therapies are
contraindicated in pregnancy. A review per-
formed by Schuurman et al. [33] investigated the
effect of tamoxifen use during pregnancy. They
detected a 12.6% and 3.9% risk of fetal abnor-
mality in tamoxifen users and non-users, respec-
tively. Tamoxifen has been classified by the FDA
as a Category D drug due to associations with
congenital malformations, miscarriage, and fetal
death [34, 35]. There is also limited data on the
safety of tamoxifen use during breastfeeding and
so it is generally recommended to avoid breast-
feeding during its use.

20.5.4 Supportive Therapy

Many patients who undergo chemotherapy expe-
rience dizziness, nausea and vomiting; for a preg-
nant patient, these symptoms may be exaggerated
due to hormonal changes associated with the
pregnancy itself. There are several options avail-
able to women without reports of risks to the
fetus including promethazine, 5-HT; receptor
antagonists, neurokinin 1 antagonists, and dro-
peridol combined with diphenhydramine (an H1

receptor antagonist) or dexamethasone. It is rec-
ommended that first-trimester use of dexametha-
sone be avoided due to reports of cleft palate, and
long-term use be avoided due to reported cases of
attention-deficit disorder [36].

20.5.5 Surgical Intervention

Surgery can be safely performed in all trimesters
of pregnancy with minimal risk to the fetus [37]
(see also Chap. 12). It is recommended to wait
after the 12th week of gestation when the risk of
spontaneous abortion may be lower. Mastectomy
with axillary dissection is the recommended sur-
gery option for IBC patients who respond to neo-
adjuvant chemotherapy. This is preferred over
breast-sparing techniques due to the fact that the
involved breast may have residual disease if it is
not fully removed, and mastectomy reduces the
risk of locoregional recurrence [19] (Fig. 20.3).
Overall, due to the contraindications of senti-
nel node biopsy in IBC, this procedure is not rec-
ommended. One of the major concerns when
performing surgery during pregnancy is the
effects of anesthesia on both the mother and
fetus. There are no anesthetics which are consid-
ered teratogenic, but it is recommended to avoid
their use during the first trimester if possible to
allow organogenesis to complete [26, 38]. After
24-26 weeks of gestation, intraoperative fetal
heartbeat can be monitored, which allows optimi-
zation of hemodynamics and temperature to pro-
tect both the fetus and mother [38]. It is known
that surgery during the third trimester increases
the risk for preterm labor due to the stress of the
surgery [26, 38] (see also Chaps. 14 and 21).

20.5.6 Radiation Therapy

Radiation is strongly contraindicated during all
trimesters of pregnancy due to the high chance of
fetal malformation, miscarriage, or even death
[26] (see also Chap. 16). Radiation therapy
should not be administered before surgery in IBC
due to previous reports of high complication rates
[3]. Post-mastectomy radiation should include
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Fig. 20.3 MRI of
breast after completion
of modified radical
mastectomy, post-
delivery radiation and
reconstruction: BIRAD
1, normal bilateral breast
MRI

the chest wall, axillary (level III), supraclavicular
and internal mammary lymph nodes [39]. It is
important for radiation in IBC to cover all of the
affected areas, which can be quite expansive due
to distal lymph node involvement. There is a high
likelihood that radiation therapy will cross over
the midline to provide adequate coverage or risk
recurrence [3]. The typical radiation doses used
in IBC are 50.4 or 50 Gy in 1.8 or 2 Gy fractions
to locoregional sites followed by a 10 Gy boost to
the chest wall, totaling to a dose of 60 Gy. The
high likelihood of locoregional recurrence means
that patients should have radiation therapy that
encompasses the supraclavicular regions and
internal mammary lymph nodes as well. For a
subset of patients who are <45 years of age,
respond poorly to chemotherapy, and have close
margins, some studies suggest that escalation of
post-mastectomy radiation dose to 66 Gy might
be beneficial. In a study of 192 patients who
underwent neoadjuvant chemotherapy, surgery
and adjuvant radiation, those <45 years of age
had a significant improvement in their 5-year
locoregional control of 86% with 66 Gy versus
65% with 60 Gy [40]. It is imperative in IBC
patients to have dose escalation to prevent local
recurrence [41]. However, delaying radiotherapy
may lead to an increased risk of recurrence. It is
recommended that patients discuss the potential
benefits and risks of treatment with their physi-
cian and interdisciplinary team based on individ-
ual case-specific details.

149

20.6 Concernsin Lactation

Per the NCCN guidelines, active breastfeeding
during chemotherapy and endocrine therapy
treatments is not recommended due to risks of
harm to the fetus [18] (see also Chap. 22). Many
of the chemotherapy drugs mentioned above to
treat IBC are excreted in the breast milk, which is
arisk to the newborn. Thus, it is recommended to
stop breastfeeding in order to treat such an
aggressive cancer as if the patient were not preg-
nant. Due to the necessity of mastectomy for
adequate treatment, patients will need to use for-
mula to nurse the newborn.

A rare complication of a needle biopsy or sur-
gical intervention while lactating is the formation
of a milk fistula [42] (see also Chap. 13). This
consist of a connection between a milk duct of
the lactating breast and the skin surface [43]. If
an intervention is necessary during lactation, it is
recommended to discuss the risk of milk fistula
with the patient prior to the planned procedure.

Elective Termination
of Pregnancy

in Inflammatory Breast
Cancer

20.7

Because the mother’s life span may be limited,
and there is a risk of fetal damage with treatment
during the first trimester, issues regarding con-
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tinuation of an early pregnancy should be dis-
cussed with the patient and her family; with
special attention to religious beliefs or a highly
desired pregnancy after infertility treatment.
There is no clinical evidence that early termina-
tion of pregnancy improves the outcome of PABC
[44]. However, given the poor prognosis of IBC
even without pregnancy, patients should be fully
counseled on the risks and benefits of terminating
an early pregnancy.

References

10.

11.

. Gooch JC, Schnabel F (2019) Inflammatory breast

cancer. In: Clinical algorithms in general surgery.
Springer, Cham, pp 105-108

. Walshe JM, Swain SM (2006) Clinical aspects of

inflammatory breast cancer. Breast Dis 22(1):35-44

. Menta A, Fouad TM, Lucci A, Le-Petross H, Stauder

MC, Woodward WA et al (2018) Inflammatory breast
cancer: what to know about this unique, aggressive
breast cancer. Surg Clin North Am 98(4):787-800

. Van Uden DJ, van Laarhoven HW, Westenberg AH,

de Wilt JH, Blanken-Peeters CF (2015) Inflammatory
breast cancer: an overview. Crit Rev Oncol Hematol
93(2):116-126

. Fouad TM, Kogawa T, Reuben JM, Ueno NT (2014)

The role of inflammation in inflammatory breast can-
cer. In: Inflammation and cancer. Springer, Basel,
pp 53-73

. Fouad TM, Barrera AM, Reuben JM, Lucci A,

Woodward WA, Stauder MC, Lim B, DeSnyder SM,
Arun B, Gildy B, Valero V (2017) Inflammatory
breast cancer: a proposed conceptual shift in the
UICC-AJCC TNM staging system. Lancet Oncol
18(4):e228-e232

. Robertson FM, Bondy M, Yang W, Yamauchi H,

Wiggins S, Kamrudin S et al (2010) Inflammatory
breast cancer: the disease, the biology, the treatment.
CA Cancer J Clin 60(6):351-375

. Gonzalez-Angulo AM, Hennessy BT, Broglio K,

Meric-Bernstam F, Cristofanilli M, Giordano SH et al
(2007) Trends for inflammatory breast cancer: is sur-
vival improving? Oncologist 12(8):904-912

. Andersson TM, Johansson AL, Hsieh CC, Cnattingius

S, Lambe M (2009) Increasing incidence of
pregnancy-associated breast cancer in Sweden. Obstet
Gynecol 114(3):568-572

Smith LH, Danielsen B, Allen ME, Cress R (2003)
Cancer associated with obstetric delivery: results
of linkage with the California cancer registry. Am J
Obstet Gynecol 189(4):1128-1135

Ploquin A, Pistilli B, Tresch E, Frenel JS, Lerebours
F, Lesur A et al (2018) 5-year overall survival after
early breast cancer diagnosed during pregnancy: a ret-

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

rospective case-control multicentre French study. Eur
J Cancer 95:30-37

Ishida T, Yokoe T, Kasumi F, Sakamoto G, Makita
M, Tominaga T et al (1992) Clinicopathologic char-
acteristics and prognosis of breast cancer patients
associated with pregnancy and lactation: analysis
of case-control study in Japan. Jpn J Cancer Res
83(11):1143-1149

Middleton LP, Amin M, Gwyn K, Theriault R, Sahin
A (2003) Breast carcinoma in pregnant women:
assessment of clinicopathologic and immunohisto-
chemical features. Cancer 98(5):1055-1060

. Bonnier P, Romain S, Dilhuydy JM, Bonichon F,

Julien JP, Charpin C et al (1997) Influence of preg-
nancy on the outcome of breast cancer: a case-control
study. Societe Francaise de Senologie et de Pathologie
Mammaire Study Group. Int J Cancer 72(5):720-727
Elledge RM, Ciocca DR, Langone G, McGuire WL
(1993) Estrogen receptor, progesterone receptor, and
HER-2/neu protein in breast cancers from pregnant
patients. Cancer 71(8):2499-2506

Peters F, KieBlich A, Pahnke V (2002) Coincidence
of nonpuerperal mastitis and noninflammatory
breast cancer. Eur J Obstet Gynecol Reprod Biol
105(1):59-63

LiJ, XiaY, Wu Q, Zhu S, Chen C, Yang W et al (2017)
Outcomes of patients with inflamatory breast cancer
by hormone receptor-and HER2-defined molecular
subtypes: a population-based study from the SEER
program. Oncotarget 8(30):49370-49379

National Comprehensive Cancer Network (NCCN
guidelines) (2019) Breast cancer. Available at www.
NCCN.org

Ueno NT, Fernandez JR, Cristofanilli M, Overmoyer
B, Rea D, Berdichevski F et al (2018) International
consensus on the clinical management of inflam-
matory breast cancer from the Morgan Welch
Inflammatory Breast Cancer Research Program 10th
anniversary conference. J Cancer 9(8):1437-1447
Stearns V, Ewing CA, Slack R, Penannen MF, Hayes
DF, Tsangaris TN (2002) Sentinel lymphadenectomy
after neoadjuvant chemotherapy for breast cancer
may reliably represent the axilla except for inflamma-
tory breast cancer. Ann Surg Oncol 9(3):235-242
Scott-Conner CE, Schorr SJ (1995) The diagnosis and
management of breast problems during pregnancy
and lactation. Am J Surg 170(4):401-405

Nicklas AH, Baker ME (2000) Imaging strate-
gies in the pregnant cancer patient. Semin Oncol
27(6):623-632

Ray JG, Vermeulen MJ, Bharatha A, Montanera WJ,
Park AL (2016) Association between MRI exposure
during pregnancy and fetal and childhood outcomes.
JAMA 316(9):952-961

Novak Z, Thurmond AS, Ross PL, Jones MK,
Thornburg KL, Katzberg RW (1993) Gadolinium-
DTPA transplacental transfer and distribution in fetal
tissue in rabbits. Investig Radiol 28(9):828-830


http://www.nccn.org
http://www.nccn.org

20

Inflammatory Breast Cancer in Pregnancy and Lactation

151

25.

26.

217.

28.

29.

30.

31.

32.

33.

Webb JA, Thomsen HS, Morcos SK (2005) The use of
iodinated and gadolinium contrast media during preg-
nancy and lactation. Eur Radiol 15(6):1234-1240
Shachar SS, Gallagher K, McGuire K, Zagar TM,
Faso A, Muss HB et al (2017) Multidisciplinary
management of breast cancer during pregnancy.
Oncologist 22(3):324-334

Hahn KM, Johnson PH, Gordon N, Kuerer H,
Middleton L, Ramirez M et al (2006) Treatment of
pregnant breast cancer patients and outcomes of
children exposed to chemotherapy in utero. Cancer
107(6):1219-1226

Copson E, Shaaban AM, Maishman T, Moseley PM,
McKenzie H, Bradbury J et al (2018) The presenta-
tion, management and outcome of inflamatory breast
cancer cases in the UK: data from a multi-centre ret-
rospective review. Breast 42:133-141

Li J, Gonzalez-Angulo AM, Allen PK, Yu TK,
Woodward WA, Ueno NT et al (2011) Triple-negative
subtype predicts poor overall survival and high
locoregional relapse in inflammatory breast cancer.
Oncologist 16(12):1675-1683

Gianni L, Eiermann W, Semiglazov V, Lluch A,
Tjulandin S, Zambetti M et al (2014) Neoadjuvant
and adjuvant trastuzumab in patients with HER2-
positive locally advanced breast cancer (NOAH):
follow-up of a randomised controlled superiority trial
with a parallel HER2-negative cohort. Lancet Oncol
15(6):640-647

Zagouri F, Sergentanis TN, Chrysikos D,
Papadimitriou CA, Dimopoulos MA, Bartsch R
(2013) Trastuzumab administration during preg-
nancy: a systematic review and meta-analysis. Breast
Cancer Res Treat 137(2):349-357

Gianni L, Pienkowski T, Im YH, Tseng LM, Liu
MC, Lluch A et al (2016) 5-year analysis of neoad-
juvant pertuzumab and trastuzumab in patients with
locally advanced, inflammatory, or early-stage HER2-
positive breast cancer (NeoSphere): a multicentre,
open-label, phase 2 randomised trial. Lancet Oncol
17(6):791-800

Schuurman TN, Witteveen PO, van der Wall E, Passier
JLM, Huitema ADR, Amant F et al (2019) Tamoxifen

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

and pregnancy: an absolute contraindication? Breast
Cancer Res Treat 175(1):17-25

Cullins SL, Pridjian G, Sutherland CM (1994)
Goldenhar’s syndrome associated with tamoxi-
fen given to the mother during gestation. JAMA
271(24):1905-1906

Tewari K, Bonebrake RG, Asrat T, Shanberg AM
(1997) Ambiguous genitalia in infant exposed to
tamoxifen in utero. Lancet 350(9072):183

Loibl S, Schmidt A, Gentilini O, Kaufman B, Kuhl
C, Denkert C et al (2015) Breast cancer diagnosed
during pregnancy: adapting recent advances in breast
cancer care for pregnant patients. JAMA Oncol
1(8):1145-1153

Amant F, Deckers S, Van Calsteren K, Loibl S,
Halaska M, Brepoels L et al (2010) Breast cancer in
pregnancy: recommendations of an international con-
sensus meeting. Eur J Cancer 46(18):3158-3168
Kuczkowski KM (2004) Nonobstetric surgery during
pregnancy: what are the risks of anesthesia? Obstet
Gynecol Surv 59(1):52-56

Walker GV, Niikura N, Yang W, Rohren E, Valero
V, Woodward WA et al (2012) Pretreatment staging
positron emission tomography/computed tomography
in patients with inflamatory breast cancer influences
radiation treatment field designs. Int J Radiat Oncol
Biol Phys 83(5):1381-1386

Bristol 1J, Woodward WA, Strom EA, Cristofanilli M,
Domain D, Singletary SE et al (2008) Locoregional
treatment outcomes after multimodality management
of inflammatory breast cancer. Int J Radiat Oncol Biol
Phys 72(2):474-484

Woodward WA (2014) Postmastectomy radiation
therapy for inflammatory breast cancer: is more bet-
ter? Int J Radiat Oncol Biol Phys 89(5):1004—1005
Schackmuth E, Harlow C, Norton L (1993) Milk fis-
tula: a complication after core breast biopsy. AJR Am
J Roentgenol 161(5):961-962

Larson KE, Valente SA (2016) Milk fistula: diagnosis,
prevention, and treatment. Breast J 22(1):111-112
Nugent P, O’Connell TX (1985) Breast cancer and
pregnancy. Arch Surg 120(11):1221-1224



®

Check for
updates

Prenatal Care during and after
Breast Cancer Treatment

21

Mina Mhallem Gziri and Khadija Bouhna

Abstract

Cancer associated with pregnancy is defined
by diagnosis during pregnancy, lactation, or
the first year after delivery. The decision about
type of treatment depends on the cancer stage
and gestational age. Termination of pregnancy
does not seem to modify the maternal progno-
sis for breast cancers. Interdisciplinary meet-
ings and discussions are needed to evaluate
and balance the maternal and fetal risks. In
this chapter, we discuss about how to prevent
or treat maternal and fetal complications of
surgery and chemotherapy in pregnancy-
associated breast cancer.
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21.1  Overview

Cancer associated with pregnancy is defined by
diagnosis during pregnancy or during the first
year after delivery. Pregnant patients with cancer
can be treated with surgery, chemotherapy, radio-
therapy, or a combination thereof. The decision
about type of treatment depends on the cancer
stage and gestational age. Termination of preg-
nancy does not seem to modify the maternal
prognosis  for breast cancers [1, 2].
Interdisciplinary meetings and discussions are
needed to evaluate and balance the maternal and
fetal risks [3]. (see also Chaps. 3, 4).

21.2 Prevention and Treatment
of Maternal Complications

21.2.1 During and after Breast
Cancer Surgery

The multidisciplinary team must consider the
physiological, anatomical, and pharmacological
maternal adaptations to ensure maternal and fetal
pre-, intra-, and postoperative care [4]. Pregnancy
is associated with increases in cardiac output,
plasma volume, oxygen consumption, glomeru-
lar filtration, and coagulation state as well as
decreased gastric motility, anemia, leukocytosis,
and aortocaval compression. Therefore, main-
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taining the left lateral tilt position, adequate anes-
thesia, and prophylactic thrombosis prophylaxis
are recommended [5, 6]. Surgery can be per-
formed under local or general anesthesia.
Anesthetic drugs may cross the placenta depend-
ing on the gestational age and the dose. During
the first two weeks of pregnancy, anesthesia can
be associated with an all or nothing phenomenon,
and then between the second and eighth week, it
can be associated with structural abnormalities.
Opioids, volatile agents, muscle relaxants, and
local anesthesia are known to be safe during
pregnancy, but nitrous oxide alters the DNA syn-
thesis and should be avoided [6, 7]. Non-emergent
surgery should be postponed after the first trimes-
ter of pregnancy to avoid miscarriages and mal-
formations [8]. One of the major serious
complications during anesthesia is maternal
hypoxia causing reduced utero-placental perfu-
sion, fetal hypoxia, asphyxia, and fetal death.
Therefore, the anesthesiologist must strictly
maintain maternal oxygenation, blood pressure,
and uterine tonus. Fetal heart rate monitoring is
not routinely recommended [9] (see also Chap.
14).

Among relevant studies, the largest series was
published by Mazze et al. [10] and included 5405
surgeries during 720,000 pregnancies in Sweden
between 1973 and 1981. No increase of malfor-
mation and stillbirth was observed; nevertheless,
the incidence of low-birth-weight infants and live
infants dying within the first 7 days increased.
Cohen-Kerem et al. [11] reviewed 12,452 patients
who underwent surgery during pregnancy, and no
increase of miscarriages and malformations was
observed. Patients with peritonitis had an
increased risk of fetal loss. Van Calsteren et al.
[12] reviewed 215 patients with a cancer diagno-
sis during pregnancy. Treatment started during
pregnancy in 122 cases (56.7%), and surgery
alone and/or other treatments were also reported
in 80 cases. In total, seven patients treated by sur-
gery had complications (8.75%): preterm con-
tractions, sepsis, intrauterine growth restriction
(IUGR), and preterm labor. Table 21.1 reports
obstetrical complications secondary to breast
cancer treatment.

Table 21.1 Obstetrical complications in 80 patients
undergoing surgery for treatment of breast cancer during
pregnancy. Adapted from Van Calsteren et al. [12]

Number of
patients
Type of treatment (%) Complications
Surgery 49 (40.2) | Preterm
contractions,
sepsis, IUGR
Surgery and 25(20.5) |Preterm
chemotherapy contractions,
preterm labor,
sepsis
Surgery and 3(2.5) |No
radiotherapy
Surgery and 3(2.5) |No
chemotherapy and
radiotherapy

21.2.2 During and after
Chemotherapy

Chemotherapy is the second possible treatment
during pregnancy and must be avoided during the
first trimester. The chemotherapeutic agents can
induce an all or nothing phenomenon during the
implantation days and then induce malformations
between days 10 and 56 of pregnancy (organo-
genesis). Chemotherapy should be started after
the 14th week of pregnancy to preserve fetal
development; it can be administered until the
week 35 [13, 14].

Cardonick reported 157 neonates exposed to
chemotherapy after the first trimester. No increase
of malformations, prematurity and ITUGR was
observed but a significant difference in the birth
weight was reported [15]. Surprisingly, Aviles
described 54 patients exposed to chemotherapy
for hematological cancers during the first trimes-
ter without an increase in malformations and
chromosomal abnormalities [16]. These patients
refused abortion or had a higher risk of death
and/or complications in case of abortion. The
authors propose that renal clearance, hepatic
function, and chemotherapy metabolism are dif-
ferent during the first trimester of pregnancy, but
they do not have specific and clear explanations.
In total, 4 fetuses were lost, but autopsies were
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performed in only two cases where no congenital
malformations were observed [17]. Nevertheless,
chemotherapy is proposed to be withheld until
14 weeks of gestational age because of a higher
teratogenic risk [18]. This risk rises with first tri-
mester exposure to chemotherapy. But when che-
motherapy is administered after the first trimester,
there are no more and/or other malformations
when compared with the background population
[19].

Chemotherapeutic agents act by killing the
dividing cells and consequently induce maternal
complications such as myelosuppression, gastro-
intestinal distress, alopecia, bleeding, and fatigue.
They can also damage specific organs such as the
heart, brain, liver, kidneys, ovaries, and the inner
ear. The frequently used types of chemotherapy
include alkylating agents, antimetabolites, alka-
loids, topoisomerase inhibitors, and cytotoxic
antibiotics [13] (see also Chap. 15).

21.3 Prevention and Treatment of
Fetal Complications

21.3.1 During and after Breast
Cancer Surgery

The major complications of surgery are linked to
maternal hypotension and hypoxia. Prematurity
and IUGR have been described after surgical
treatment of malignant tumors [2]. Fetal heart
rate is commonly monitored but not yet recom-
mended during surgery between the second and

third trimesters of pregnancy [5, 9]. However,
fetal ultrasound and monitoring are recom-
mended before and after surgery (see also Chap.
14).

21.3.2 During and after
Chemotherapy

Prematurity, [UGR, fetal malformations, cardio-
toxicity, and death are reported in the literature
[13, 15, 20, 21]. The European breast cancer reg-
istry compared children exposed and not exposed
to chemotherapy for maternal breast cancer.
Chemotherapy during pregnancy was associated
with a higher risk of low birth weight and adverse
fetal outcomes, but these complications were
more likely related to prematurity than to chemo-
therapy use during pregnancy [22] (see also
Chap. 15). Table 21.2 summarizes the largest
studies including chemotherapy during preg-
nancy. These studies show no increase of malfor-
mations after chemotherapy. This phenomenon
can be explained by the use of antineoplastic
agents after 14 weeks of pregnancy and also by
the placenta function. The transplacental passage
determines the concentrations and impacts of the
compounds on the fetus. This was tested in pla-
centa perfusion models and in vivo experiences
(mouse and baboons). These fetal concentrations
depend on multiple factors such as maternal
pharmacokinetics, placental blood flow, and the
physicochemical drug properties [23]. Different
ways of transfer are possible such as facilitated or

Table 21.2 Fetal impact of chemotherapy during pregnancy

Systemic case North American European multicentre | European breast cancers
review [13] registry [15] study [12] registry [21]
Total number included 321 231 215 447
Total number exposed to 321 157 62 197
chemotherapy
Fetal demise 5.10% 6.4% 2.3% 1%
Termination of pregnancy | N/A 5.6% 14% 12%
Preterm delivery 5.10% 5.8% 54.2% 51%
Intrauterine growth 7.10% 7.7% 14.9% 9%
restriction
Malformations 3.40% 3.8% 6.5% 3.6%
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Table 21.3 Rate of transplacental passage of chemotherapy drugs

Chemotherapeutic agent Perfusion model Pregnant animal model
Anthracyclines® 2.21-4.73% (22;23) 1-10.8% (24;25)
Paclitaxel NA 0.8-2.4% (26)
Vinblastine NA 3-34% (24;25)
4-hydroxyphosphamide NA 18.8-31.4% (24)
Cytarabine NA 34.1-78.6% (25)
Carboplatin NA 43.3-155.9% (25;26)

Adapted from Amant et al. [14]
epirubicin and doxorubicin

passive diffusion and active transport. The role of
placental transporters such as P-glycoproteins for
transfer of antineoplastic products has not been
yet evaluated [14]. Table 21.3 reviews the current
transplacental passage results.

Chemotherapy, and especially anthracyclines,
is currently used during pregnancy; but specific
effects on the maternal and fetal heart are rela-
tively poorly studied. Fetal myocardium differs
from the adult’s; it is more sensitive and more
vulnerable because of several cellular factors.
Animal models have demonstrated that fetal
myocardium is much smaller, contains only one
nucleus, has fewer not well-organized myofibrils,
and is more vascular. The fetal heart grows by
hyperplasia and not by hypertrophy [24].

Only case reports, case series, and reviews are
published in the literature about effects of anthra-
cyclines on the fetus. In a series of 160 fetuses
exposed to anthracyclines, two cases of myocar-
dial dysfunction were identified [22]. One
resulted in fetal demise in the third trimester,
whereas in the second case, fetal cardiac function
normalized during follow-up. In total, three cases
of fetal cardiac complications were reported after
idarubicin exposure. One fetus was born after
idarubicin exposure at 28 weeks and had several
problems related to prematurity including respi-
ratory distress syndrome, necrotizing enterocoli-
tis, and cerebral hemorrhage but was diagnosed
with severe biventricular dysfunction that nor-
malized after three days of life [25]. A second
fetus died 2 days after administration of idarubi-
cin but no information is available regarding the
cause of death [26]. A third fetus developed
reversible cardiac dysfunction at 24 weeks fol-
lowing administration of fludarabine, idarubicin,
and gemtuzumab. The fetus delivered at

33 weeks, and follow-up at six months demon-
strated complete normalization of cardiac func-
tion [27]. Acute reversible and irreversible fetal
cardiac dysfunction is therefore possible after in
utero chemotherapy exposure. However, not all
fetuses develop cardiac dysfunction as shown by
Meyer-Wittkopf who serially monitored fetal
cardiac function before and after 4 cycles of
doxorubicin in a single fetus. The systolic and
diastolic function of the fetus remained normal
during serial fetal follow-up [28]. The long-term
outcome is poorly described, and the chronic car-
diotoxicity also remains a question mark. Avilés
et al. [29] conducted the first large study that
described the cardiac outcome of 81 cases aged
between 9 and 29 years, exposed to anthracy-
clines in utero. The results are reassuring but are
only based on left ventricular end-diastolic and
end-systolic dimensions (fractional shortening).
Van Calsteren et al. [30] observed mildly reduced
ventricular wall thickness and reduced left ven-
tricular mass index in a pilot group of 10 children
exposed to chemotherapy in utero (see also
Chaps. 15 and 23).
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Abstract

Breastfeeding is an important aspect of
mother-newborn relationship and is of great
benefit for the baby. Unfortunately, many
drugs taken by the mother may pass into her
milk and exert an effect on the newborn. Very
limited data is available and a cautionary
approach is warranted especially when the
woman receives anticancer treatment includ-
ing chemotherapy, hormonal treatment and
the recently introduced target agents as well
as monoclonal antibodies. In all these condi-

More and more often physicians are faced
with women that are pregnant years after the
diagnosis of cancer: this has long been consid-
ered dangerous for the mother, but data show
that prognosis is definitely not worse. If the
woman is no longer being actively treated,
breastfeeding is advisable every time it is pos-
sible, even if patients that received breast radi-
ation may be unable to produce a sufficient
amount of milk on that side.
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22.1 Overview

The occurrence of breast cancer during breast-
feeding is referred to as “pregnancy-associated
breast cancer,” as the definition includes cancers
that appear not only during pregnancy but also
within 12 months after delivery [1]. Breast cancer
diagnosed during lactation has a worse prognosis
than cancer diagnosed during pregnancy. This is
partly, but not only, because of a delay in diagno-
sis and treatment. Physicians, and the patients
themselves, may be reluctant to consider the pos-
sibility of a malignancy in such a phase of life
and at such a young age. Furthermore, the physi-
ological changes associated with lactation may
mask the appearance of a nodule and delay its
evaluation (see also Chaps. 1 and 2). It must be
noted that diagnostic tools, both imaging and
biopsies, are safe and effective during breastfeed-
ing, provided the operator has enough experience
and the breast is well drained before the examina-
tion (see also Chaps. 3, 4 and 13). Prognosis,
however, remains worse even when the tumor
stage is the same: this may in part be due to a
higher prevalence of biological markers of tumor
aggressiveness (higher percentage of HER2-
positive or triple-negative cancers) or local
release of inflammatory cytokines during mam-
mary gland involution that may favor metastatic
spread [2] (see also Chap. 10).

22.2 Transfer of Chemotherapy
Drugs into Human Milk

Several agents taken up by the mother may pass
into her milk; they are then absorbed by the baby
and may exert an effect that may be difficult to
predict. This may also happen with anticancer
agents. Cyclophosphamide, doxorubicin, cispla-
tin, and their metabolites have all been detected
in the milk of nursing mothers who were under
chemotherapy. In the case of a mother receiving
cyclophosphamide, it was also possible to deter-
mine the effect of the drug on blood cell counts of
the newborn. Unfortunately, the active drugs and
their metabolites persist in the milk for a long
time after administration: in a patient treated for

Table 22.1 Breastfeeding tips

Tips for a good
breastfeeding start

Tips for gently discontinuing
breastfeeding

Start breastfeeding or
expressing milk as soon
as possible after birth
(within 1 h)

Gradual discontinuation of
breastfeeding can prevent
breast inflammation

Breastfeed on cue (at
least 8—12 times/24 h)

Latch should be deep
(150° at the angle of the
mouth), chin to the
breast, head slightly
extended

The breast must remain
full, so that FIL can trigger
involution, but not hard
(gentle manual
expression), so that less
inflammation occurs

Help milk transfer by
massaging and
compressing the breast
during the feed or the
use of a breast pump

At advanced stages of
lactation suppression of
prolactin through
medication alone does not
prevent inflammation

Seek help if
breastfeeding is painful
or the infant is sleepy, if
voids or stooling is
scant, if feedings are
excessively long or
frequent

Gentle lymph drainage
massage can help prevent
inflammation

Fans and ice packs can
ease discomfort and reduce
inflammation

FIL feedback inhibitor of lactation, a polypeptide in milk

lymphoma, cyclophosphamide and doxorubicin
were still measurable for 21 days after drug injec-
tion. Considering the acute and delayed toxicity
of anticancer drugs, it is reasonable to advise
women to avoid breastfeeding during treatment
with traditional chemotherapy [3]. This also
applies to women receiving anti-hormones
(tamoxifen or aromatase inhibitors) or target
agents (eg, lapatinib, imatinib, or monoclonal
antibodies) (see also Chaps. 15 and 21). To pre-
vent inflammation during suppression of lacta-
tion, it is advisable to gently express some milk
to decrease intramammary pressure while prolac-
tin is being suppressed by the administration of
cabergoline (Table 22.1).

22.3 Pregnancy
and Breastfeeding after
Breast Cancer

Many physicians and patients remain concerned
about the safety of pregnancy in breast cancer
survivors, especially in women previously diag-
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nosed with estrogen receptor (ER)—positive dis-
eases in whom pregnancy could be regarded as
potentially detrimental owing to endocrine stim-
ulation [4, 5]. Several studies were conducted to
address this question. Some studies have sug-
gested that pregnancy is associated with a better
prognosis. However, these studies may be sub-
jected to a selection bias that has been described
as the “healthy mother effect” [6]. This refers to
the fact that although the pregnancy-exposed
group was matched with controls of a similar age
and stage, women who became pregnant still rep-
resent a group that is on average healthier and
free of relapse. Lambertini et al. [7] reported
about 333 patients with pregnancy after breast
cancer who were matched (1:3) to 874 non-
pregnant patients of similar characteristics,
adjusting for a guaranteed time bias. At a median
follow-up of 7.2 years after pregnancy, no differ-
ence in disease-free survival was observed
between pregnant and non-pregnant patients with
ER-positive (HR, 0.94; 95% CI, 0.70-1.26;
P = .68) or ER-negative disease (HR, 0.75; 95%
CI, 0.53-1.06; P = .10). No overall survival (OS)
difference was observed in ER-positive patients
(HR, 0.84; 95% CI, 0.60-1.18; P = .32);
ER-negative patients in the pregnant cohort had
better OS (HR, 0.57; 95% CI, 0.36-0.90; P = .01).
Abortion, time to pregnancy, breastfeeding, and
type of adjuvant therapy had no impact on
patients’ outcomes. This study provides reassur-
ing evidence on the long-term safety of preg-
nancy in breast cancer survivors, including those
with ER-positive disease [7]. No clear evidence
about the timing of pregnancy after breast cancer
is available. Waiting for 2 years following com-
pletion of breast cancer therapy in patients with
ER-negative tumors is a reasonable option. For
those with ER-positive breast cancer, 5 years of
endocrine therapy (ET) should be completed
before attempting to become pregnant [8]. The
ongoing POSITIVE study addresses the possibil-
ity, following 18-30 months of ET, to temporar-
ily suspend ET for up to 2 years to allow
conception and pregnancy, following which ET
can be completed (510 years) [9] (see also Chap.
23).

Limited available evidence suggests that
breastfeeding is feasible and safe after breast can-

cer. Azim et al. [10] performed a survey among
patients with breast cancer who completed their
pregnancy following breast cancer management
to examine their lactation behavior and its effect
on breast cancer outcomes. Out of 32 women
identified, 20 were reachable and accepted to
take the questionnaire. At a median follow-up of
48 months following delivery, all 20 women were
alive with two relapses, one in the group of the 10
lactating women and one in the group of the 10
non-lactating women. Thus, in this study, breast-
feeding did not seem to have any detrimental
effect on breast cancer outcomes in survivors
who succeeded to complete their pregnancies
[10]. Apart from safety considerations, address-
ing how to manage breastfeeding with unilateral
milk production or reduced milk production from
the irradiated breast is an important issue. As
more young women have breast-conserving sur-
gery (BCS) and subsequent radiotherapy, the
long-term effects of surgery and ionizing radia-
tion on the mammary gland have become increas-
ingly relevant. The proximity of the incision to
the areola and nipple, the location of the tumor,
the dose and type of radiotherapy are all contrib-
uting factors to lactation success of the treated
breast. Several small studies have shown that
around 80% of patients treated with BCS and
radiotherapy experience diminished breast
enlargement and engorgement during pregnancy
and around 50% have limited postnatal milk pro-
duction from the ipsilateral breast [11, 12].
However, patients and physicians should be
informed that milk produced by one breast is suf-
ficient for the nutritional need of the newborn.
Breastfeeding education is of utmost importance:
early initiation of breastfeeding (within 1 hour
from parturition) and frequent feeding in the first
days, as recommended by the Baby Friendly
Hospital Initiative, increase milk production and
improves breastfeeding outcomes at later stages
[13]. Mothers should be shown how to position
the infant to achieve a deep and wide latch (150°
at the angle of the mouth) and be encouraged to
offer the breast as many times as requested by
their infants, using an effective electric pump if
the baby does not empty the breast completely. A
laid-back position of the mother and side-lying
holds may also result in easier latching. Frequent
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Fig. 22.1 Breastfeeding is good!

changes in the positioning of the baby and gentle
massage and compression by stimulating the
milk ejection reflex and increasing intramam-
mary pressure [14] improve breast drainage in all
quadrants, thus reducing the risk of engorgement
and increasing milk production (Fig. 22.1).

If pain occurs, the mother should improve the
baby’s latch-on, trying to cover the entire nipple-
areola complex with the baby’s mouth and seek
specialist professional advice before abrasions
develop or worsen (Table 22.1).

As stated in the Society of Obstetricians and
Gynecologists of Canada clinical practice guide-
lines [15]: “There is no evidence that breastfeed-
ing increases the risk of recurrence of breast
cancer or of the development of a second breast
cancer, nor that it carries any risk for the child.
Women previously treated for breast cancer that
do not show any evidence of residual tumor
should be encouraged to breastfeed their children.
Unilateral breastfeeding should be encouraged
and supported in breast cancer patients because it
is frequently enough for baby’s growth. Great
importance should be given to breastfeeding

counseling and to supporting patients, since mis-
information is the main cause for avoiding
breastfeeding.”
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Abstract

Safety of pregnancy occurring after breast
cancer treatment has been studied largely, but
it is still debatable. These studies have gener-
ally showed that overall and disease-free sur-
vival in breast cancer survivors with
subsequent pregnancy is not less than those
without future pregnancy. Also, breast cancer
survivors treated with chemotherapy, radia-
tion therapy, or both had no increased risk of
congenital anomalies, single gene disorders,
or chromosomal syndromes in their offspring.
However, it appears that the incidence of pre-
term labor, low birth weight, and fetal anoma-
lies is higher in these cases.
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These issues as well as safe time interval
from breast cancer treatment to pregnancy,
safe contraceptive method after breast cancer,
counseling about pregnancy in survivors, and
how to follow up the patient for breast cancer
recurrence during pregnancy are discussed in
this chapter.

Keywords

Breast cancer - Chemotherapy - Obstetric
complications - Pregnancy - Survivors

23.1 Overview

About 7% of all breast cancers are diagnosed in
women younger than the age of 40, with a cumu-
lative risk of 0.4-0.45% by this age [1, 2].
Because of the inherent characteristics of the
tumors in young women, frequently a more com-
plex and prolonged treatment including chemo-
therapy and additional years of ovarian
suppression in hormone receptor positive cancer
is carried out for these patients [3-5]. The posi-
tive impact of chemotherapy on disease-free sur-
vival (DFS) and overall survival (OS) in breast
cancer patients can influence fertility negatively
[6-8]. Actually, potential detrimental effects of
systemic treatments on fertility, long-term hor-
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monal therapy, and worry of women and their
family that a future pregnancy would increase
their risk of BC recurrence are some of the cen-
tral reasons for a low incidence of pregnancy in
breast cancer survivors.

Published data about the incidence of preg-
nancy after breast cancer are diverse, caused by
different definitions of pregnancy; some studies
include only cases of full-term pregnancy, while
others include pregnancies as a baseline [9, 10].
Overall and according to several reports, the inci-
dence of pregnancy in women after diagnosis of
breast cancer ranges between 8-10%. This is
approximately 50% less compared to the age-
matched groups without breast cancer [6-8, 11].
Accordingly, in other studies, only 8% of breast
cancer survivors aged less than 35 years experi-
enced a full-term pregnancy. In addition and as
expected, figures were lower in older age groups;
and comprised only 3% of women less than
45 years of age [8, 12]. In a 2011 published
population-based study from Norway, women
with previous breast cancer had a 70% lower
chance of becoming subsequently pregnant com-
pared to the age-matched population, even after
adjusting for education and previous parity [13].

Although some results are controversial, over-
all incidence of pregnancy in breast cancer survi-
vors is low; this most likely implies a need toward
better education of both patients and physicians.

23.2 Safety of Pregnancy
and Childbirth in Breast
Cancer Survivors

23.2.1 Effect of Pregnancy on Breast
Cancer Prognosis

Whether pregnancy occurring after breast cancer
treatment can have detrimental effects on prog-
nosis of the disease- due to the pronounced rise
of female sex hormones- has for long been the
concern of both patients and physicians. Many
studies have been carried out about the issue,
mostly retrospective in nature because of the

limitations for prospective work in this context.
One major bias is the “healthy mother effect”,
which suggests that survivors who are in better
health and those who have had more favorable
pathologies opt for subsequent maternity [9, 14,
15]; but this point also has been considered in
some of the studies [16, 17].

Overall survival in breast cancer survivors
with subsequent pregnancy has been shown to be
similar or even better than those without future
pregnancy [16-26]; DFS also had no poorer out-
come in these women [10, 20, 23, 26, 27]. Similar
effects on OS and DFS have been demonstrated
for estrogen receptor positive (ER+) tumors [28—
30]. Figure 23.1 shows studies that have per-
formed a systematic review of previous works,
and the results regarding survival and recurrence
in breast cancer survivors who had a subsequent
pregnancy, compared to those without further
pregnancies.

Some theories have been proposed to explain
the protective effects of pregnancy on breast can-
cer prognosis. Alloimmunization suggests that
fetal cells that have common antigens with the
mother enter maternal circulation, inducing anti-
bodies that would remove probable metastatic
cells. Another hypothesis suggests that extreme
levels of estrogen and progesterone, added to the
high placental hCG, act like endocrine therapies
[31]. Other theories include inducing repair of
the DNA and better cellular differentiation, alter-
ations in genes of cell differentiation and death
[32], and reduction of breast multipotent stem
cells [33].

23.2.2 Obstetrical Outcomes
in Breast Cancer Survivors

A recent systematic review has investigated the
rate of various obstetrical outcomes in women
previously treated for breast cancer. The meta-
analysis showed that the incidence of preterm
labor, low birth weight, intrauterine fetal and
born fetal anomalies was higher in these patients
compared to the general population [34].



23 Pregnancy in Breast Cancer Survivors

167

1954 1985 2016
| |
[1955 1989 |
11 studies. i
Petrek 1994 studies. case series
and case controls
[1os4 2002
. | | 19 studies, case series g ival,
Upponi 2003 Better survival
and case controls 10 Iore recurrence
| |
I1965 2010/
= 20 studies, only studies
considering HME. case controls bt s
l |
11970 2009 |
|Azim 2011 ' l 14 studies. case controls ‘ [ Better survival
1970 2016
T 5 7 g T
Hartman 2017 19 studies. only studies with Py <35 Rn_edqcecl risk Offieath:
SR———— y after BC. case controls non-significant less recurrence

Fig.23.1 Systematic reviews about pregnancy following
breast cancer, and their results regarding survival and
recurrence in breast cancer survivors with a subsequent

23.2.3 Effect of Adjuvant Treatments
on Subsequent Obstetric
Complications

One of the strongest predictors of emotional
well-being in breast cancer survivors, besides
sexual function and appearance, is feeling healthy
enough to be a good parent. Parenthood can rep-
resent normalcy, happiness, and life fulfilment.
Breast Cancer survivors are often fearful that
their history of cancer or its treatment will have
an adverse impact on offspring conceived after
their cancer treatment, such as placing them at
risk for malignancy, congenital anomalies, or
impaired growth and development (see also
Chap. 28). They are also concerned about the
risks of cancer recurrence, infertility, miscar-
riage, and achieving a successful pregnancy
outcome.

pregnancy compared to those without. BC breast cancer,
HME healthy mother effect, Py pregnancy, y years

23.2.3.1 Risk of Congenital

and Chromosomal
Abnormalities

In studies including several thousands offspring,
female breast cancer survivors treated with che-
motherapy, radiation therapy, or both had no
increased risk of congenital anomalies, single
gene disorders, or chromosomal syndromes in
their offspring [35-44]. These studies primarily
evaluated pregnancies that were conceived years

after treatment (see also Chap. 15).

23.2.3.2 Risk of Adverse Pregnancy
Outcomes

The risk of miscarriage, preterm birth, fetal

growth restriction, and stillbirth in female breast

cancer survivors depends, in part, on the type of

therapy they received (chemotherapy, radiation

therapy, or target therapy) and to non-treatment
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factors (eg, age at start of pregnancy). There is no
strong evidence of an increased risk of adverse
pregnancy outcome among female breast cancer
survivors who received chemotherapy [45].
Chemotherapy does not appear to damage the
uterus, which may account for the generally
favorable pregnancy outcome in exposed patients
[46]. However, women treated for breast cancer
appear to be at increased risk for obstetric com-
plications (eg, oligohydramnios due to trastu-
zumab). In a birth registry study of over 2.3
million births, women with a history of breast
cancer had an increased risk of preterm birth, low
birth weight, and small for gestational age, espe-
cially if they received chemotherapy or gave birth
within 2 years of their breast cancer diagnosis
date [47].

23.2.3.3 Chemotherapy

Women who received chemotherapy alone or
with other therapies (surgery, radiation therapy,
or both) had lower rates of live birth than their
female siblings. This appeared to be due primar-
ily to a higher rate of pregnancy termination, as
the rates of miscarriage and stillbirth were gener-
ally statistically similar for the survivors and
their siblings. In addition, the male: female sex
ratio of 1.09:1.0 in offspring of survivors was
similar to that in the general population and to
that in offspring of female siblings of the survi-
vors, suggesting that exposure to mutagenic
agents (chemotherapy, radiation therapy) did not
increase transmission of lethal X-linked muta-
tions. Lastly, the rate of live birth was not lower
for patients treated with any particular drug com-
pared with those not treated with that drug [48]
(see also Chap. 15).

23.3 Safe Time Interval
from Breast Cancer
Treatment to Pregnancy

The safe time interval from breast cancer to preg-
nancy is unknown, whereas “safe time” should
ideally stand for no further risk for relapse or
breast cancer-specific death. Very often, patients
will be advised to wait at least 2 years after
the end of therapy to become pregnant. One pos-

sible reason for this recommendation is the
assumption that highest recurrence and breast
cancer-specific death risks occur during the first
2 years after diagnosis. Nonetheless, this is only
partially correct. Although overall, breast cancer
patients have a higher risk for recurrence and
death in the years 2—4 after their first diagnosis,
comparison of risk of recurrence and death trends
in women with ER-positive and ER-negative
tumors shows that the risks cross at 6-8 years
after diagnosis. In addition, the comparison
implies that patients with ER-negative breast
cancer have a much greater risk for recurrence
and death in earlier years after the initial diagno-
sis, whereas women with ER-positive breast can-
cer have a more consistent long-term risk of
breast cancer death [49, 50].

Retrospective data are difficult to compare
because of different definitions of “time”. These
definitions vary from time from initial diagnosis
of breast cancer to any pregnancy, time from the
end of breast cancer treatment to any pregnancy,
or any of the above till full term pregnancy.
Nevertheless, published data implicate that a lon-
ger interval between diagnosis and pregnancy
seems to be safer. Clark et al. [S1] reported a bet-
ter survival rate for breast cancer patients with
pregnancies between 6 and 24 months after diag-
nosis (78%) compared to only 54% survival in
patients with pregnancies in the first 6 months
after breast cancer treatment. Similar results were
reported in the series of 136 women by Clark and
Chua [52], which showed that the 5 year survival
rate goes up to 92% in patients with an interval of
2 years to pregnancy compared to 59% with preg-
nancy within the first 6 months. In a case series of
96 women, Sankila et al. [9] reported a better sur-
vival for women with breast cancer and following
pregnancies compared to the control group. As
well, published results of a multicenter retrospec-
tive cohort study comprising 333 patients with
pregnancy occurring at any time after an ER posi-
tive breast cancer compared to 874 matched con-
trols showed no difference in DFS between
patients with and without subsequent pregnancy
at a median follow-up of 5 years. Additionally,
there were no difference in DFS between patients
who became pregnant within 2 years and those
who became pregnant later [28].
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23.4 Active Counselling
and Planning for Pregnancy
after Breast Cancer

Treatment

As one of the major concerns of young women
with breast cancer, discussion addressed to fertil-
ity and family planning is an important compo-
nent of quality oncology care [53, 54].

Published data suggests that less than one half
of breast cancer patients have undergone coun-
selling regarding reproductive issues at time of
diagnosis and therapy of their breast cancer [55—
57]. In contrast to these data, more than 90%
have a discussion with the physician regarding
side effects of the therapy and the impact on nor-
mal daily activity [57]. Counselling about repro-
ductive health is related to the age of the patient,
her insurance status and her income; especially
very young women are concerned regarding their
reproductive health [55-58].

Dufty at al. [57] found out that an active dis-
cussion addressing fertility and reproductive
health issues was less frequently held in anxious
women, as well as in cases who had difficulty in
their communication with the medical team.
They also demonstrated that health teams are
failing to fully inform young women about the
risks and benefits of adjuvant treatment regarding
fertility issues and early menopause. Young
women with breast cancer constitute a vulnerable
patient group. The decision for or against explicit
therapy has to be made carefully. This includes
not only benefits of the therapy regarding recur-
rence and survival, but also potential risks in
regard to fertility, premature menopause, sexual
dysfunction and body image. Early consultation
with a fertility specialist and active counselling
over this topic are integral parts of the care of
young patients [59]. In agreement with this
advice, ESO-ESMO third international consen-
sus guidelines for breast cancer in young women
(BCY3) highly recommended counselling on fer-
tility, sexual health and socio-economic impact
as part of the individual treatment planning [60].

Notably, use of GnRH analogue during che-
motherapy should be discussed on a case by case
basis to preserve ovarian function and possibly

fertility. All young women should be counselled
about the risks of systemic therapy (both
chemotherapy and hormonal therapy) for amen-
orrhea and premature menopause before starting
the therapy (see also Chaps. 24 and 25).

23.5 Contraception after Breast
Cancer

Clinical guidelines including BCY3 and World
Health Organization (WHO) highly recommend
active counselling of young women regarding
risk of pregnancy occurring while undergoing
systemic chemotherapy, immunotherapy and
hormonal therapy; and the possibility of getting
pregnant even with amenorrhoea [60, 61].
Despite this recommendation, and although
young breast cancer survivors in reproductive age
have serious contraceptive concerns, studies
show that they may not get fully informed about
available and safe contraceptive options. In a
qualitative study of 10 women between 18 and
50 years of age with a history of breast cancer,
patients reported that their physicians had not
focussed on reproductive issues, and had pro-
vided only limited information about contracep-
tion. Nevertheless, women were anxious about
unintended pregnancy and wished to receive the
information soon after diagnosis [62]. As well, in
a survey among medical oncologists in
Switzerland, only 20% reported that they
informed young women (under 40 years of age)
about the necessity of reliable contraception dur-
ing the therapy, asked patients about their contra-
ceptive methods while under treatment, and
referred patients to a gynaecologist [63].

23.5.1 Oral Contraceptives
and Subcutaneous Implants

The use of subcutaneous implants, which are
effective contraceptives for 3 years, has not been
tested in breast cancer patients and at the time
being, cannot be recommended in survivors [5,
64]. Regarding combined oral contraceptives, a
meta-analysis of 54 studies showed a relative risk
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of 1.24 for a diagnosis of breast cancer, and con-
sequently these cannot be recommended in breast
cancer survivors [65]. Overall, according to
BCY3, hormonal contraception is contraindi-
cated in women in reproductive age with a his-
tory of breast cancer; and non-hormonal
contraception is the method of choice. Also,
according to the College National des
Gynécologues et  Obstétriciens  Francais
(CNGOF) Contraception Guidelines, all hor-
monal contraceptives are contra-indicated after
breast cancer, regardless of time since treatment
and biology of breast cancer (hormone receptor
status and histological subtype) [66].

23.5.2 Barrier Methods

Aternative methods such as condom, female bar-
rier methods, and male sterilisation could be con-
sidered [67, 68]. The WHO Medical Eligibility
Criteria for Contraceptive Use also recommends
use of condoms or copper IUDs within 5 years
after diagnosis of breast cancer [61].

Many breast cancer patients remain sexually
active after diagnosis and during treatment stages
and a large number use condoms [69, 70]. While
barrier and behavioural methods have a high risk
of unintended pregnancy with a 1-year failure
rate of 15-32% [71, 72], the copper IUD is an
effective non-hormonal contraceptive, with a
failure rate of 0.3-0.6% [72, 73].

The insertion of Copper IUDs is simple, and it
can be used in all women, nulliparous and parous
[61, 74-76]. The copper IUD can be used for up
to 10 years, and some studies reported successful
contraception for up to 12-20 years [77, 78]. Side
effects of the copper IUD consist of increased
menstrual cramping and vaginal bleeding in
some women. Levonorgesterel- IUD was devel-
oped for a better control of these symptoms. The
level of progestin is low, but levonorgesterel-
IUD produces detectable levels of levonorgestrel
in the serum [79]. For breast cancer survivors,
this might account for hormonal stimulation [61],
and include a risk of higher recurrence. Although
one study reported no higher recurrence in breast
cancer patients using a levonorgestrel IUD, a

subgroup of patients who were users at time of
diagnosis and continued to use levonorgestrel
IUD afterwards had a higher rate of recurrence
[80].

23.6 Screening for Breast Cancer
Recurrence during
Pregnancy

General guiding principles for follow up after
treatment of breast cancer have been described
for non-pregnant women. These consist of his-
tory taking as well as breast and general physical
examination [81-83]. The history should consist
of usual components, as well as changes in the
patient family history, and inquiry about symp-
toms that can be related to local or metastatic
recurrence. Breast, axillary and chest examina-
tion have to be performed in addition to general
physical examination. Mammography is also
regularly done in order to identify ipsilateral
local recurrence or contralateral breast cancer
[84-86]. Other imaging or routine laboratory
tests are not recommended in asymptomatic
patients for detection of recurrence [87].

ASCO recommendations for surveillance in
breast cancer survivors consist of visits under-
taken every 3—6 months up to 1 year, then every
6-12 months up to 2 years; and annual visits
thereafter [87]. The effect of shorter or longer
intervals of visits has not been studied so far [88].
Mammography is performed on a yearly sched-
ule, except for additional imaging which might
be needed in between. For very high risk women,
as those with a very strong family history or
genetically positive cases, MRI is recommended
in the follow up period [89].

Survivors who opt for pregnancy after treat-
ment of the cancer are generally young.
Commonly, breast cancer is more aggressive in
young women, and is more frequently hormone
receptor negative or triple negative [90-92] (see
also Chaps. 10 and 11). Nevertheless, the same
follow up guidelines apply for young survivors;
except that they might more frequently fulfill the
indications for MRI, genetic testing and family
screening. Guidelines for follow up issues during
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the pregnancy itself have not been described, and
the best plan of action has not been studied. The
followings are suggestions based on prevailing
knowledge and current practice in our
institutions.

History taking and physical exam should be
performed at the appropriate time regarding fol-
low up schedules. Breast ultrasound has not still
been recognized as a screening modality for can-
cers, but can be used as a diagnostic tool if
needed. Mammography should not be done for
follow-up purpose in the prenatal period and it
would better be performed at the time of planning
for pregnancy and before conception. Therefore,
if the pregnancy had not been planned earlier and
imaging had not been done, the x-ray study
would be postponed until after delivery. It should
be emphasized that pregnancy is not an absolute
contraindication for mammography, but its use
should be limited to suspicious ultrasound or
clinical exam findings that are awaiting mammo-
graphic assessment (see also Chap. 3).

During breastfeeding, screening can be
performed as usual, although false positive
imaging findings are more frequent in this
period [93].

References

1. Ferlay J, Shin HR, Bray F, Forman D, Mathers C,
Parkin DM (2010) Estimates of worldwide burden
of cancer in 2008: GLOBOCAN 2008. Int J Cancer
127(12):2893-2917

2. DeSantis C, Ma J, Bryan L, Jemal A (2014) Breast
cancer statistics, 2013. CA Cancer J Clin 64(1):52-62

3. Early Breast Cancer Trialists’ Collaborative Group
(EBCTCG) (2011) Relevance of breast cancer hor-
mone receptors and other factors to the efficacy of
adjuvant tamoxifen: patient-level meta-analysis of
randomised trials. Lancet 378(9793)a:771-784

4. Davies C, Pan H, Godwin J, Gray R, Arriagada R,
Raina V et al (2013) Long-term effects of continuing
adjuvant tamoxifen to 10 years versus stopping at 5
years after diagnosis of oestrogen receptor-positive
breast cancer: ATLAS, a randomised trial. Lancet
381(9869):805-816

5. Gray RG, Rea D, Handley K, Bowden SJ, Perry P,
Earl HM et al (2013) aTTom: Long-term effects of
continuing adjuvant tamoxifen to 10 years versus
stopping at 5 years in 6,953 women with early breast
cancer. J Clin Oncol 31(18-suppl):5

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Reichman BS, Green KB (1994) Breast cancer in

young women: effect of chemotherapy on ovarian
function, fertility, and birth defects. J Natl Cancer Inst
Monogr 16:125-129

. Del Mastro L, Catzeddu T, Venturini M (2006)

Infertility and pregnancy after breast cancer: current
knowledge and future perspectives. Cancer Treat Rev
32(6):417-422

. Mueller BA, Simon MS, Deapen D, Kamineni A,

Malone KE, Daling JR (2003) Childbearing and sur-
vival after breast carcinoma in young women. Cancer
98(6):1131-1140

. Sankila R, Heinédvaara S, Hakulinen T (1994) Survival

of breast cancer patients after subsequent term preg-
nancy: “healthy mother effect”. Am J Obstet Gynecol
170(3):818-823

. von Schoultz E, Johansson H, Wilking N, Rutqvist LE

(1995) Influence of prior and subsequent pregnancy on
breast cancer prognosis. J Clin Oncol 13(2):430-434
Pagani O, Partridge A, Korde L, Badve S, Bartlett J,
Albain K, Gelber R, Goldhirsch A (2011) Pregnancy
after breast cancer: if you wish, ma’am. Breast Cancer
Res Treat 129(2):309-317

Blakely LJ, Buzdar AU, Lozada JA, Shullaih SA, Hoy
E, Smith TL et al (2004) Effects of pregnancy after
treatment for breast carcinoma on survival and risk of
recurrence. Cancer 100(3):465-469

Stensheim H, Cvancarova M, Mgller B, Fossa SD
(2011) Pregnancy after adolescent and adult cancer: a
population-based matched cohort study. Int J Cancer
129(5):1225-1236

Rippy EE, Karat IF, Kissin MW (2009) Pregnancy
after breast cancer: the importance of active counsel-
ing and planning. Breast 18(6):345-350

Azim HA, Peccatori FA, De Azambuja E, Piccart
MIJ (2011) Motherhood after breast cancer: search-
ing for la dolce vita. Expert Rev Anticancer Ther
11(2):287-298

Cooper DR, Butterfield J (1970) Pregnancy subse-
quent to mastectomy for cancer of the breast. Ann
Surg 171(3):429-433

Valachis A, Tsali L, Pesce LL, Polyzos NP,
Dimitriadis C, Tsalis K et al (2010) Safety of preg-
nancy after primary breast carcinoma in young
women: a meta-analysis to overcome bias of
healthy mother effect studies. Obstet Gynecol Surv
65(12):786-793

Petrek JA (1994) Pregnancy safety after breast cancer.
Cancer 74(1-Suppl):528-531

Kroman N, Jensen MB, Melbye M, Wohlfahrt J,
Mouridsen HT (1997) Should women be advised
against pregnancy after breast-cancer treatment?
Lancet 350(9074):319-322

Kopeika J, Bhaduri M, Kugadas A, Reddy N,
Shewbridge A, Mukherji D, Sandri I, Mansi J (2019)
Planned and unplanned pregnancies in breast cancer
survivors. Breast 46:75-80

Ives A, Saunders C, Bulsara M, Semmens J (2007)
Pregnancy after breast cancer: population based study.
BM1J 334(7586):194



172

V. Bjelic-Radisic et al.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Kroman N, Jensen MB, Wohlfahrt J, Ejlertsen B
(2008) Pregnancy after treatment of breast can-
cer—a population-based study on behalf of Danish
Breast Cancer Cooperative Group. Acta Oncol
47(4):545-549

Kranick JA, Schaefer C, Rowell S, Desai M, Petrek
JA, Hiatt RA et al (2010) Is pregnancy after breast
cancer safe? Breast J 16(4):404—411

Azim HA Jr, Santoro L, Pavlidis N, Gelber S, Kroman
N, Azim H et al (2011) Safety of pregnancy following
breast cancer diagnosis: a meta-analysis of 14 studies.
Eur J Cancer 47(1):74-83

Coérdoba O, Bellet M, Vidal X, Cortés J, Llurba E,
Rubio IT et al (2012) Pregnancy after treatment of
breast cancer in young women does not adversely
affect the prognosis. Breast 21(3):272-275

Hartman EK, Eslick GD (2016) The prognosis of
women diagnosed with breast cancer before, during
and after pregnancy: a meta-analysis. Breast Cancer
Res Treat 160(2):347-360

Largillier R, Savignoni A, Gligorov J, Chollet P,
Guilhaume MN, Spielmann M et al (2009) Prognostic
role of pregnancy occurring before or after treat-
ment of early breast cancer patients aged< 35 years:
a GET (N) a Working Group analysis. Cancer
115(22):5155-5165

Azim HA Jr, Kroman N, Paesmans M, Gelber S,
Rotmensz N, Ameye L et al (2013) Prognostic impact
of pregnancy after breast cancer according to estrogen
receptor status: a multicenter retrospective study. J
Clin Oncol 31(1):73

Nye L, Rademaker A, Gradishar WJ (2017) Breast
Cancer outcomes after diagnosis of hormone-positive
breast cancer and subsequent pregnancy in the tamox-
ifen era. Clin Breast Cancer 17(4):e185-e189
Lambertini M, Kroman N, Ameye L, Cordoba O,
Pinto A, Benedetti G et al (2017) Long-term safety of
pregnancy following breast cancer according to estro-
gen receptor status. J Natl Cancer Inst 110(4):426-429
de Bree E, Makrigiannakis A, Askoxylakis J, Melissas
J, Tsiftsis DD (2010) Pregnancy after breast cancer. A
comprehensive review. J Surg Oncol 101(6):534-542
Russo J, Moral R, Balogh GA, Mailo D, Russo IH
(2005) The protective role of pregnancy in breast can-
cer. Breast Cancer Res 7(3):131-142

Siwko SK, Dong J, Lewis MT, Liu H, Hilsenbeck SG,
LiY (2008) Evidence that an early pregnancy causes
a persistent decrease in the number of functional
mammary epithelial stem cells—implications for
pregnancy-induced protection against breast cancer.
Stem Cells 26(12):3205-3209

D’Ambrosio V, Vena F, Di Mascio D, Faralli I,
Musacchio L, Boccherini C, Brunelli R, Piccioni MG,
Panici PB, Giancotti A (2019) Obstetrical outcomes
in women with history of breast cancer: a systematic
review and meta-analysis. Breast Cancer Res Treat
178:485-492

Byrne J, Rasmussen SA, Steinhorn SC, Connelly RR,
Myers MH, Lynch CF et al (1998) Genetic disease
in offspring of long-term survivors of childhood and
adolescent cancer. Am J Hum Genet 62:45-52

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Dodds L, Marrett LD, Tomkins DJ, Green B,
Sherman G (1993) Case-control study of congeni-
tal anomalies in children of cancer patients. BMJ
307(6897):164—-168

Green DM, Fiorello A, Zevon MA, Hall B, Seigelstein
N (1997) Birth defects and childhood cancer in off-
spring of survivors of childhood cancer. Arch Pediatr
Adolesc Med 151:379-383

Chiarelli AM, Marrett LD, Darlington GA (2000)
Pregnancy outcomes in females after treatment for
childhood cancer. Epidemiology 11(2):161-166
Kenney LB, Nicholson HS, Brasseux C, Mills JL,
Robison LL, Zeltzer LK et al (1996) Birth defects
in offspring of adult survivors of childhood acute
lymphoblastic  leukemia. A Childrens Cancer
Group/National Institutes of Health Report. Cancer
78(1):169-176

Signorello LB, Mulvihill JJ, Green DM, Munro HM,
Stovall M, Weathers RE et al (2010) Stillbirth and
neonatal death in relation to radiation exposure before
conception: a retrospective cohort study. Lancet
376(9741):624-630

Winther JF, Olsen JH, Wu H, Shyr Y, Mulvihill JJ,
Stovall M et al (2012) Genetic disease in the children
of Danish survivors of childhood and adolescent can-
cer. J Clin Oncol 30:27

Signorello LB, Mulvihill JJ, Green DM, Munro HM,
Stovall M, Weathers RE et al (2012) Congenital
anomalies in the children of cancer survivors: a report
from the childhood cancer survivor study. J Clin
Oncol 30(2):239

Boice JD Jr, Tawn EJ, Winther JE, Donaldson SS,
Green DM, Mertens AC et al (2003) Genetic effects
of radiotherapy for childhood cancer. Health Phys
85(1):65-80

van der Kooi AL, Brewster DH, Wood R, Nowell S,
Fischbacher C, van den Heuvel-Eibrink MM et al
(2018) Perinatal risks in female cancer survivors: a
population-based analysis. PLoS One 13(8):€0202805
Mueller BA, Chow EJ, Kamineni A, Daling JR, Fraser
A, Wiggins CL et al (2009) Pregnancy outcomes in
female childhood and adolescent cancer survivors:
a linked cancer-birth registry analysis. Arch Pediatr
Adolesc Med 163(10):879-886

Critchley HO, Wallace WH (2005) Impact of can-
cer treatment on uterine function. J Natl Cancer Inst
Monogr 2005(34):64-68

Black KZ, Nichols HB, Eng E, Rowley DL (2017)
Prevalence of preterm, low birthweight, and small for
gestational age delivery after breast cancer diagnosis:
a population-based study. Breast Cancer Res 19(1):11
Green DM, Whitton JA, Stovall M, Mertens AC,
Donaldson SS, Ruymann FB et al (2002) Pregnancy
outcome of female survivors of childhood cancer: a
report from the Childhood Cancer Survivor Study.
Am J Obstet Gynecol 187(4):1070-1080

Cardoso F, Loibl S, Pagani O, Graziottin A, Panizza
P, Martincich L et al (2012) The European Society of
Breast Cancer Specialists recommendations for the
management of young women with breast cancer. Eur
J Cancer 48(18):3355-3377



23

Pregnancy in Breast Cancer Survivors

173

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Jatoi I, Chen BE, Anderson WF, Rosenberg PS (2007)
Breast cancer mortality trends in the United States
according to estrogen receptor status and age at diag-
nosis. J Clin Oncol 25(13):1683-1690

Clark RM, Reid J (1978) Carcinoma of the breast in
pregnancy and lactation. Int J Radiat Oncol Biol Phys
4(7-8):693-698

Clark RM, Chua T (1989) Breast cancer and preg-
nancy: the ultimate challenge. Clin Oncol 1(1):11-18
Howard-Anderson J, Ganz PA, Bower JE, Stanton
AL (2012) Quality of life, fertility concerns, and
behavioral health outcomes in younger breast can-
cer survivors: a systematic review. J Natl Cancer Inst
104(5):386-405

Loren AW, Mangu PB, Beck LN, Brennan L,
Magdalinski AJ, Partridge AH et al (2013) Fertility
preservation for patients with cancer: American
Society of Clinical Oncology clinical practice guide-
line update. J Clin Oncol 31(19):2500

Thewes B, Meiser B, Rickard J, Friedlander M
(2003) The fertility-and menopause-related informa-
tion needs of younger women with a diagnosis of
breast cancer: a qualitative study. Psycho-Oncology
12(5):500-511

Schover LR, Rybicki LA, Martin BA, Bringelsen
KA (1999) Having children after cancer: a pilot sur-
vey of survivors’ attitudes and experiences. Cancer
86(4):697-709

Duffy CM, Allen SM, Clark MA (2005) Discussions
regarding reproductive health for young women with
breast cancer undergoing chemotherapy. J Clin Oncol
23(4):766-773

Avis NE, Crawford S, Manuel J (2004) Psychosocial
problems among younger women with breast cancer.
Psycho-Oncology 13(5):295-308

Freedman RA, Partridge AH (2013) Management
of breast cancer in very young women. Breast
22:5176-S179

Paluch-Shimon S, Pagani O, Partridge AH, Abulkhair
0O, Cardoso MJ, Dent RA et al (2017) ESO-ESMO 3rd
international consensus guidelines for breast cancer in
young women (BCY3). Breast 35:203-217

World Health Organization (2015) Medical eligibility
criteria for contraceptive use, 5th edn. World Health
Organization, Geneva

Mody SK, Panelli DM, Hulugalle A, Su HI, Gorman
JR (2017) Contraception concerns, utilization and
counseling needs of women with a history of breast
cancer: a qualitative study. Int J Women’s Health
9:507-512

Giith U, Huang DJ, Bitzer J, Tirri BF, Moffat R (2016)
Contraception counseling for young breast cancer
patients: a practical needs assessment and a survey
among medical oncologists. Breast 30:217-221
International Collaborative Post-Marketing
Surveillance of Norplant (2001) Post-marketing
surveillance of Norplant contraceptive implants:
IContraceptive efficacy and reproductive health.
Contraception 63(4):167-186

Collaborative Group on Hormonal Factors in Breast
Cancer (1996) Breast cancer and hormonal contracep-

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

tives: collaborative reanalysis of individual data on 53
297 women with breast cancer and 100 239 women
without breast cancer from 54 epidemiological stud-
ies. Lancet 347(9017):1713-1727

Pragout D, Laurence V, Baffet H, Raccah-Tebeka B,
Rousset-Jablonski C (2018) Contraception et cancer.
RPC Contraception CNGOF. Gynecol Obstet Fertil
Senol 46(12):834-844

Blanc B, Lazard A, Estrade JP, Agostini A, Gurriet B
(2010) Contraceptive methods after gynecological and
breast cancer. Bull Acad Natl Med 194(3):521-527
Schwarz EB, Hess R, Trussell J (2009)
Contraception for cancer survivors. J Gen Intern Med
24(2-Suppl):401-406

Cook-Andersen H, Komrokian S, DeMichele A, Su
HI (2011) Breast cancer patients have lower rates of
contraception use. Fertil Steril 96(3):S201-S202
Dominick SA, McLean MR, Whitcomb BW,
Gorman JR, Mersereau JE, Bouknight JM et al
(2015) Contraceptive practices among female can-
cer survivors of reproductive age. Obstet Gynecol
126(3):498-507

Hatcher R, Trussell J, Stewart F, Nelson A, Cates W,
Guest F et al (2004) Contraceptive technology, 18th
edn. Ardent Media, New York

Trussell J (2011) Contraceptive efficacy. In: Hatcher
RA, Trussell J, Nelson AL, Cates W, Kowal D, Policar
M (eds) Contraceptive technology, 20th edn. Ardent
Media, New York

Thonneau PF, Almont T (2008) Contraceptive effi-
cacy of intrauterine devices. Am J Obstet Gynecol
198(3):248-253

Mohllajee AP, Curtis KM, Peterson HB (2006) Does
insertion and use of an intrauterine device increase the
risk of pelvic inflammatory disease among women
with sexually transmitted infection? A systematic
review. Contraception 73(2):145-153

Curtis KM, Jatlaoui TC, Tepper NK, Zapata LB,
Horton LG, Jamieson DJ, Whiteman MK (2016) US
selected practice recommendations for contraceptive
use

Van Houdenhoven K, Van Kaam K1J, Van Grootheest
AC, Salemans TH, Dunselman GA (2006) Uterine
perforation in women using a levonorgestrel-releasing
intrauterine system. Contraception 73(3):257-260
United Nations Development Programme (1997)
Long-term  reversible  contraception.  Twelve
years of experience with the TCu380A and
TCu220C. Contraception 56(6):341-352

Sivin I (2007) Utility and drawbacks of continuous
use of a copper T IUD for 20 years. Contraception
75(6-Suppl):S70-S75

Lockhat FB, Emembolu JE, Konje JC (2005) Serum
and peritoneal fluid levels of levonorgestrel in women
with endometriosis who were treated with an intra-
uterine contraceptive device containing levonorg-
estrel. Fertil Steril 83(2):398-404

Trinh XB, Tjalma WA, Makar AP, Buytaert G, Weyler
J, van Dam PA (2008) Use of the levonorgestrel-
releasing intrauterine system in breast cancer patients.
Fertil Steril 90(1):17-22



174

V. Bjelic-Radisic et al.

81.

82.

83.

84.

85.

86.

87.

De Bock GH, Bonnema J, van Der Hage J, Kievit J,
Van de Velde CJ (2004) Effectiveness of routine vis-
its and routine tests in detecting isolated locoregional
recurrences after treatment for early-stage invasive
breast cancer: a meta-analysis and systematic review.
J Clin Oncol 22(19):4010-4018

Montgomery DA, Krupa K, Cooke TG (2007)
Alternative methods of follow up in breast cancer:
a systematic review of the literature. Br J Cancer
96(11):1625-1632

Lu W, de Bock GH, Schaapveld M, Baas PC, Wiggers
T, Jansen L (2011) The value of routine physical
examination in the follow up of women with a history
of early breast cancer. Eur J Cancer 47(5):676-682
Grunfeld E, Noorani H, McGahan L, Paszat L, Coyle
D, Van Walraven C et al (2002) Surveillance mam-
mography after treatment of primary breast cancer: a
systematic review. Breast 11(3):228-235

Lash TL, Fox MP, Buist DS, Wei F, Field TS, Frost
FJ et al (2007) Mammography surveillance and mor-
tality in older breast cancer survivors. J Clin Oncol
25(21):3001-3006

Schootman M, Jeffe DB, Lian M, Aft R, Gillanders
WE (2008) Surveillance mammography and the risk
of death among elderly breast cancer patients. Breast
Cancer Res Treat 111(3):489-496

Runowicz CD, Leach CR, Henry NL, Henry KS,
Mackey HT, Cowens-Alvarado RL et al (2016)
American cancer society/American society of clinical

88.

89.

90.

91.

92.

93.

oncology breast cancer survivorship care guideline. J
Clin Oncol 34(6):611-635

Montgomery DA, Krupa K, Cooke TG (2007)
Alternative methods of follow up in breast cancer:
a systematic review of the literature. Br J Cancer
96(11):1625-1632

Rojas MP, Telaro E, Russo A, Moschetti I, Coe L,
Fossati R et al (2005) Follow-up strategies for women
treated for early breast cancer. Cochrane Database
Syst Rev 1:CD001768

Bauer KR, Brown M, Cress RD, Parise CA, Caggiano
V (2007) Descriptive analysis of estrogen receptor
(ER)-negative, progesterone receptor (PR)-negative,
and HER2-negative invasive breast cancer, the so-
called triple-negative phenotype: a population-based
study from the California cancer registry. Cancer
109(9):1721-1728

Dawood S (2010) Triple-negative breast cancer:
epidemiology and management options. Drugs
70(17):2247-2258

van Maaren MC, de Munck L, Strobbe LJ, Sonke
GS, Westenend PJ, Smidt ML et al (2019) Ten-year
recurrence rates for breast cancer subtypes in the
Netherlands: a large population-based study. Int J
Cancer 144(2):263-272

Johnson HM, Lewis TC, Mitchell KB (2020) Breast
cancer screening during lactation: ensuring opti-
mal surveillance for breastfeeding women. Obstet
Gynecol 135(1):194-198



®

Check for
updates

Impact of Breast Cancer Treatment

on Fertility

Konstantinos D. Dinas

Abstract

Malignancy may unfortunately present quite
early in a woman’s life. In the case of breast can-
cer, rescue of the breast cancer patient’s life is the
top priority, but after completion of the effective
treatment, the question about the ability to
accomplish a pregnancy arises. The treatment
strategies in breast cancer patients include surgi-
cal interventions, chemotherapy, radiotherapy,
hormonal therapy and other special types of
mainly targeted biologic therapies. Under normal
circumstances, surgery for breast cancer does not
involve any intervention in the ovaries or the
uterus. Thus, even after an extended operation,
the anatomic integrity of the gynecological sys-
tem is guaranteed, and fertility is unaffected.
The chemotherapeutic factors that influence
fertility are the drug category used, the total
dose given, the patient’s age at treatment, the
drug combination and finally whether targeted
therapy is used or not. Alkylating agents are
considered to be the most toxic ones. In young
breast cancer patients there is a trend to modify
regimens to achieve less gonadotoxicity.
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Evidence regarding tamoxifen, the main
used endocrine drug, is scarce and controver-
sial on its direct effect on ovarian reserve.
There are not enough studies on the impact of
aromatase inhibitors on fertility. Also, HER2-
directed agents have not yet demonstrated sig-
nificant ovarian toxicity and there are scarce
data on their effect on fertility.

Keywords

Breast cancer treatment - Fertility - Infertility
- Pregnancy - Preservation

24.1 Overview
Malignancy may unfortunately present quite
early in a woman’s life. Fortunately though, this
is not the rule and therefore it is less common.
Obviously, rescue of the breast cancer patient’s
life is the top priority and always comes first; but
after completion of the effective treatment, the
patient returns to normal life and regains previ-
ous expectations. Thus, the distressing vague
question about ability to accomplish a pregnancy
arises, and contributes to anxieties and sense of
insecurity (see also Chap. 28).

Although breast cancer is fortunately less
common in women younger than 40 years of age,
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involving 7% of its total cases; it is the most com-
mon cancer in women, accounting for 23% of all
female malignancies [1-3]. Young survivors most
often want to conserve and maintain their fertil-
ity. In the vast majority of cases, the surgical
treatment of breast cancer warranties the integrity
of the female genital system.

Unfortunately, surgery is not always the sole
modality in treatment of breast cancer, and addi-
tional forms of treatment such as chemotherapy,
endocrine therapy and radiotherapy may also be
necessary. These might seriously affect the pos-
sibility of childbearing and pregnancy (see also
Chaps. 15 and 16) by acting upon or affecting the
neuroendocrine-hormonal axis, or by the expo-
nential reduction of ovarian reserves; or finally
by mutations, involving the pregnant woman, the
course of pregnancy or the embryo both in utero
and after birth. Therefore, although anatomical
integrity of the reproductive system is preserved,
its function might get compromised.

Oogenesis takes place during fetal life and
discontinues before birth. Therefore, the number
of available oocytes is not infinite. As a result
every woman is born having about 2,000,000 fol-
licles (and hence oocytes) in her ovaries.
However, at menarche, only 400,000 will remain
in situ and she will have to go for about 40 years
with this number of follicles; at menopause only
the last 1000 follicles are left. These occur gradu-
ally, so at 35 years of age there are still around
150,000 follicles, 80,000 follicles at the age of 41
and 15,000 follicles at the age of 45 [4]. Only a
small percentage of the total available number of
oocytes will eventually mature and undergo ovu-
lation during reproductive years because the vast
majority will be lost through a specific indepen-
dent mechanism called atresia.

But the issue is not only about the decreasing
number of follicles, since their quality is also
worsening through the years. Thus, the percentage
of poor-quality follicles is increasing as we move
from young ages to the age of 50. Broekmans
et al. in 2004 have shown that after the age of 41,
where the bad quality follicles represent 25% of
the total, there is a rapid quality deterioration
since the above rate is 60% at the age of 45 and
nearly 100% at the age of 50 [5].

24.2 Impact of Treatments

on Fertility

The treatment strategies in breast cancer patients
include surgical interventions, chemotherapy,
radiotherapy, hormonal therapy and other special
types of mainly targeted biologic therapies (see
also Chaps. 12-16).

24.2.1 Surgical Treatment

Under normal circumstances, surgery for breast
cancer does not involve any intervention in the
ovaries or the uterus. Thus, even after an extended
operation, the anatomic integrity of the gyneco-
logical system is guaranteed, and fertility is unaf-
fected. An exception is surgery for breast cancer
ovarian metastases, however breast cancers have
low risk of ovarian metastasis in women of repro-
ductive age, and thus the possibility of removing
the adnexa is low.

24.2.2 Chemotherapy

There are various important factors that influence
the effects of chemotherapeutic protocols on fer-
tility. The most important ones are the drug cate-
gory used, the total dose given, the patient’s age
at treatment, the drug combination and finally
whether targeted therapy is used or not [6, 7].

Modern chemotherapy regimens include
administration of more than one agent. Their
action regarding the ovaries specifically affects
the sensitive cells like oocytes, but also the gran-
ulosa and theca cells. Thus the ovarian reserve
will be reduced significantly. This is supported
by data from various studies, documenting that in
breast cancer survivors, chemotherapy adminis-
tration significantly lowered serum anti-Mullerian
hormone (AMH), which can be used as a marker
of fertility [8]. Most commonly, post-
chemotherapy amenorrhea is induced, which
may often be reversible.

The factor age is very important, affecting
greatly the risk of chemotherapy-induced ovarian
failure. In general, the younger is the patient
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undergoing chemotherapy treatment, the less are
the problems to the gonads. Thus, older women
who have less primordial follicles in their ovaries
seem to have more often a permanent ovarian
damage compared with young women. Complete
ovarian failure after chemotherapy occurs in
more than half of breast cancer patients in their
forties, while in patients less than 35 years of
age it does not affect more than one third (15—
30%) [9]. According to Minton et al. [10],
patients treated after the age of 31 years have low
fertility expectancy. It has been demonstrated
that women treated with chemotherapy for breast
cancer have eventually serum AMH level corre-
sponding to the levels of a healthy woman who is
12 years older [11, 12]. Furthermore, high doses
of chemotherapeutic medicines, specifically
alkylating agents, and combined chemotherapy
and radiotherapy can severely impair fertility
[13].

Alkylating agents (like cyclophosphamide,
ifosfamide, melphalan, and busulfan) are consid-
ered to be the most toxic chemotherapy agents in
this regard. Their action is not cell-cycle specific
and they may damage all the germ cells, includ-
ing the resting oocytes and primordial follicles.
Compared to unexposed patients, breast cancer
cases who received cyclophosphamide had a four
to nine times increased risk for premature ovarian
failure. According to long lasting studies, [6, 14]
their toxicity is dose dependent and it is reported
that their ovarian detrimental effect has been
observed even at very low doses. However, the
same authors have concluded that chemotherapy
for breast cancer has an average chance of
approximately 50% for damaging ovarian tissue,
which is an intermediate rate compared to the
detrimental effects of chemotherapy for other
malignancies in females of the same age group.
Lately, modern chemotherapeutic strategies with
new drugs, in a dose-dependent manner, are aim-
ing to treat breast cancer effectively while pro-
tecting the ovaries and causing as less ovarian
damage as possible by affecting only the actively
developing follicles and proliferating granulosa
cells [15, 16]. Other chemotherapeutics like plat-
inum agents and anthracyclines seem to have

moderate risk on damaging the ovarian reserve,
whereas taxanes still have questionable effects on
fertility [10, 15-17].

Combination of various chemotherapeutics is
the routine nowadays, most commonly consisting
of alkylating agents, anthracyclines and taxanes.
In young breast cancer patients, the trend is to
modify these regimens by reducing cyclophos-
phamide as much as possible, in order to result in
less gonadotoxicity [15, 16] (see also Chaps. 15
and 21).

24.2.3 Radiotherapy

Radiotherapy has also detrimental effects on the
ovaries. Human oocyte is extremely sensitive to
ionizing radiation.

Irradiation can affect fertility either directly, if
applied holistically on the body, targeted at the
abdomen, the pelvis or the spine; or indirectly as
there is always a proportion of escaping radiation
that is scattered. This may be the reason for ovar-
ian failure even when ovaries are outside of the
radiation field. Nevertheless, the main concern is
to keep the ovaries outside the radiation target by
precisely focusing the radiation beam, or by
proper displacement or coverage of the ovaries
[6, 18, 19].

It is documented that direct radiation may
cause reduction in the ovarian reserve, which is
dose- and age-dependent. According to some
authors [6, 19, 20], radiation therapy itself can
have detrimental effects in the ovaries, causing
oocyte destruction, proportional to the dose.
Thus, with doses of 3, 3-5, and 5 Gy, 11%, 60%,
and 100% of the follicles are destroyed, respec-
tively. Furthermore, due to the lower oocyte
reserve in older patients compared to young
women, they are at higher risk of developing
infertility after radiotherapy. Thus, although
treatments in very young patients usually do not
cause major problems to the ovaries, the impact
on patients is serious after the age of 30 [21, 22].
Also, if the total amount of radiation is divided to
many small doses instead of few high fractions, it
would be less toxic [23].
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Apart from directly affecting the gametes,
radiation may also influence fertility due to
effects on other tissues that anatomically contrib-
ute to fertility; like the vascular and smooth mus-
cle damages and fibrosis in the uterus, tubes and
cervix that occurs secondary to radiotherapy. In
cases of cranial irradiation due to relevant metas-
tases, the hypothalamic-pituitary axis is damaged
[24].

Finally, the combination of radiotherapy with
chemotherapy can severely impair fertility [6,
13].

24.2.4 Endocrine Therapy

Tamoxifen is now used for up to 10 years after
the documentation of positive estrogen receptors
in breast cancer patients of reproductive age, but
it has been noted to increase the rate of amenor-
rhea and menopause. Nevertheless, there is scarce
and controversial evidence on the direct effect of
tamoxifen on the ovarian reserve. Some authors
found no significant effect of tamoxifen on serum
AMH while others have demonstrated lower
serum AMH in women taking tamoxifen [25—
27]. For now, pregnancy is contraindicated while
under tamoxifen.

Aromatase inhibitors (like letrozole) are
mainly used in menopausal patients and therefore
there are not enough studies on their impact on
fertility [28]. Nevertheless, they are now rou-
tinely used in young breast cancer patients under-
going IVF treatment before their chemotherapy,
as the basic protective medication minimizing the
production of circulating estradiol (see also
Chap. 15).

24.2.5 Targeted Biologic Therapies

Trastuzumab is a targeted treatment for HER2+
breast cancer. HER2-directed agents have not yet
demonstrated significant ovarian toxicity [11].
There are scarce data on the effect of trastuzumab
on fertility. Interestingly, in very few studies,
the use of trastuzumab with chemotherapy was

associated with significantly higher serum AMH
levels compared to patients who received only
chemotherapy [11]. Although encouraging, these
data need further confirmation through larger
and powerful studies. The current knowledge
is to avoid pregnancy while on trastuzumab.
Furthermore, a period of at least 6 months after
completing trastuzumab treatment is considered
to be safe before any pregnancy occurs [29].
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Abstract

Fertility preservation includes all the neces-
sary steps that have to be taken in order to
implement a woman's aim for preserving and
enhancing her future chances of having her
own biological offspring.

There are two available choices for patients
to maintain their fertility.

The first category includes all the preven-
tive methods following the principle of reduc-
tion of gonadotoxicity, in terms of using fewer

Beyond that, promising is the modern
option of ovarian tissue cryopreservation for
future transplantation, while the option of
oocyte donation is actually an option for child-
bearing, not for fertility.

Keywords
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donation

toxic drugs to the ovaries and similarly milder
radiation regimens. It also includes the admin-
istration of agents that would keep the ovaries
suppressed, to minimize the harmful effects of 25.1 Overview

systemic therapy on the oocytes.

The second includes necessary artificial Fertility preservation and its restoration include
reproductive technology procedures for col- all the necessary steps that have to be taken in
lecting and freezing either gametes (oocytes) order to implement a woman's aim for preserving
or zygotes (embryos). This can be accom- and enhancing the chances of having her own
plished with immature oocyte pickup followed biological offsprings in the future.
by in vitro maturation (IVM). Alternatively, There are two available choices for patients to
mature oocytes can be collected after minimal maintain their fertility. The first include preven-
ovarian stimulation with very small doses or tive methods, and the second consists of using
no medication at all, or through a natural cycle. artificial reproductive technology options.

The first category includes all the methods
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of medication that would keep the ovaries in sup-
pression mode, so that their oocytes will not be
harmed by chemo- or radiotherapy.

The second includes necessary procedures for
collecting and freezing either gametes (oocytes)
or zygotes (embryos). This can be accomplished
with immature oocyte pickup from small follicles
followed by in vitro maturation (IVM).
Alternatively, mature oocytes can be collected
after minimal ovarian stimulation with very small
doses of medication, use of special medication or
after no medication at all through a natural cycle.
Beyond that, promising is the modern option of
ovarian tissue cryopreservation while the option
of oocyte donation could be applied.

25.2 Preventive Method-
Reduction of Gonadotoxicity

Ancient Greeks always told that “it is better to
prevent than to treat”. But is there anything to do
in advance in order to avoid the impairment of
fertility? The answer is yes. Reduction of gonado-
toxicity means that, during and after any treat-
ment protocol, as less oocytes or/and ovarian
tissue as possible will be destroyed.

Whether the suppressing action of
Gonadotropin-releasing hormone (GnRH) ago-
nists can protect the ovaries from gonadotoxic
chemotherapy is still a point of controversy.
These are administered every 28 or 84 days in
parallel and after chemotherapy. There are a lot
of studies that tried to elucidate this interesting
issue by including an adequate sample of breast
cancer patients. However available data derived
from various meta-analyses and systematic
reviews [1-7] cannot support the hypothesis that
GnRH agonists significantly help to maintain fer-
tility in women with breast cancer. Nonetheless,
there is evidence that this may be the case for
women with cancer in general, and the American
Society of Clinical Oncology (ASCO) and the
American Society for Reproductive Medicine
(ASRM) opinion is that data on the effectiveness
of the method is insufficient and controversial.

Thus, GnRH-analogues may be administrated to
patients in terms of reducing the chances of
chemotherapy-induced ovarian insufficiency
[8-10].

25.3 Fertility Conservation
Options

Considering that chances for modifying the
toxicity of chemotherapy or radiotherapy are
limited, the alternative option would be to pre-
serve the ability to reproduce by taking out fer-
tility elements like oocytes, embryos or ovarian
tissue from the body and storing them safely;
then using them when the disease no longer
exists.

These can be achieved by oocyte pickup either
after a natural cycle with no medication or fol-
lowing ovarian stimulation and ovulation induc-
tion with minimal doses of gonadotropins.
Alternatively oocytes could be collected again,
without administration of medication from the
immature follicles in the ovaries. Then, these
oocytes are matured in the laboratory with IVM.
Oocyte collection is performed as soon as the fol-
licles have grown adequately.

25.3.1 Oocyte Collection in Natural
Cycles

In the recent past, the choice of controlled ovar-
ian stimulation would have been a reckless
option. Having in mind the importance of estro-
gen and progesterone receptor in breast cancer
pathogenesis and development, the administra-
tion of normal doses of gonadotropins looked
indisputably unrealistic, since they resulted in a
remarkable increase in estradiol and progester-
one serum levels. As a result, oocyte pickup was
done without any gonadotropin administration in
one or more natural cycles. Each oocyte pickup
in natural cycles yields a maximum of one oocyte.
Therefore, many natural cycles are needed to col-
lect and freeze an adequate number of oocytes.
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25.3.2 Controlled Ovarian
Stimulation

Alternatively, a very small dose of gonadotropins
can be administrated in order to establish ovarian
stimulation with minimal doses of follicle stimu-
lating hormone (FSH), in order to grow more
than one follicle. This results in more than one
oocyte per cycle, and therefore fewer sessions of
pickup are needed [11-14].

Back in 2005, Oktay and colleagues used aro-
matase inhibitors and selective estrogen receptor
modulators in the context of controlled ovarian
stimulation, trying to reduce the blood concentra-
tions of both these hormones [15, 16]. Thereafter
a large number of trials has been conducted on
this issue by using letrozole and tamoxifen. The
aim is the achievement of the lowest levels of
estradiol possible, without reducing the number
of follicles and therefore the oocytes collected,
which is particularly beneficial in patients with
positive estrogen receptors [14, 17, 18].

Although existing data is not much, we have
to assume that it is a theoretically beneficial
option. A protocol for letrozole is similar to a
short antagonist protocol where the additional
medication is only letrozole, which commences
on day-2 of stimulation, and gonadotropins are
added on day-4 [18]. However, different trials
have tested if onset of the procedure has to be on
a specific day of the menstrual cycle. It is now
well documented that these protocols can be
started at any time and therefore can be initiated
as soon as needed.

In November 2013 a Cochrane Database
review was published to assess the efficacy of
protocols containing tamoxifen or letrozole for
ovarian stimulation compared to protocols with-
out them in premenopausal women with estrogen
receptor (ER) positive breast cancer who want to
cryopreserve oocytes or embryos. No random-
ized prospective studies were found [14]. Thus
the official opinion is that there is no evidence to
suggest the advantage of the use of these drugs in
ovarian stimulation compared to ovulation with-
out them. However, the fact is that they drasti-
cally reduce estradiol levels and this might be

proved beneficial in the future. In July 2018,
ASCO supported the use of flexible ovarian stim-
ulation protocols for oocyte collection that are
feasible on a cycle day—independent schedule.
Additionally, in estrogen positive breast cancer,
these interventions will not increase the risk of
cancer recurrence since aromatase inhibitor
assisted protocols keep estrogen levels depressed.
Current studies do not indicate an augmented risk
of recurrence of cancer from regimens including
ovarian stimulation supplemented by aromatase
inhibitor [8].

25.3.3 InVitro Maturation

Another recently available method is in vitro
maturation (IVM). One of its main indications is
in women who will undergo chemotherapy for
breast cancer, where fertility has to be preserved
by oocyte cryopreservation without any delay
and without hormonal stimulation [19]. The con-
cept is that if it is not allowed to give medication
to the ovaries to grow and mature oocytes, then
the oocytes can be extracted from the body and
matured in the laboratory, avoiding any increase
in the estradiol levels and any consequent harm to
the body of the breast cancer patient [20, 21].

In IVM, immature oocytes are collected trans-
vaginally under ultrasound guidance from antral
follicles located in non-stimulated or poorly
stimulated ovaries. These oocytes are matured in-
vitro in the laboratory under controlled condi-
tions for 24 to 48 hours, followed if necessary by
the standard procedure of either fertilization with
intracytoplasmic sperm injection (ICSI), or cryo-
preservation for future use [20, 22]. Despite the
satisfactory pregnancy rates with this method in
appropriately selected patients, overall pregnancy
rates remain lower than those of conventional
in vitro fertilization (IVF). Using this method, a
few thousands of healthy infants have been born
worldwide in infertile women, without any
increase in abortion rates or other abnormalities
[21-25]. These studies were carried out regard-
less of cancer survivor’s issues.
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25.3.4 Oocyte Cryopreservation

Cryopreservation of oocytes is an alternative to
cryopreservation and storage of embryos, an
ideal method for young women with breast can-
cer who do not have a partner and do not want to
use donor sperm. The mature or matured oocytes
are stored after being frozen via a procedure
called vitrification. They will later be thawed,
fertilized, and transferred in the uterine cavity if
and when necessary. This can avoid the moral
and religious dilemmas associated with embryo
storage and disposal, and does not require
IVE. Since the first birth report from a cryopre-
served human oocyte in 1986 [26], more than a
thousand of healthy babies have been born world-
wide [27], while the delivery rates ranged from
14-34% after oocyte thawing and IVF. However,
these were not about breast cancer survivors.

Oocyte cryopreservation is now included in
the guidelines of ASCO 2018 “Fertility
Preservation in Patients with Cancer” as an
option. According to this recommendation,
oocyte cryopreservation should be performed in
centers with enough expertise. Since 2012,
ASRM does not consider this procedure as an
experimental method [8].

25.3.5 Embryo Cryopreservation

After the oocyte collection and if a partner exists,
fertilization of the collected oocyte(s) may take
place before freezing, creating the ability to
freeze embryos and not oocytes [15, 28].

Embryo freezing-thawing and transfer have
higher pregnancy rates [28], and is the most
tested and well-established conventional method
for maintaining fertility since it has been applied
for more than 25 years now[28]. Based on 2016
Society for Assisted Reproductive Technology
(SART) and Center for Disease Control (CDC)
data, live birth rates are 46.6% for women
younger than 35 years, 44% for women 35-37
and 38.3% for women 38-40 years of age, so mil-
lions of children have been born with this method.
Success of this method in breast cancer survivors
needs to be assessed in the future.

25.3.6 Cryopreservation
and Transplantation
of Ovarian Tissue

A recent option is the maintenance of fertility by
cryopreservation of ovarian tissue and its trans-
plantation, and one of its main indications is in
patients undergoing treatment for any stage of
breast cancer [29]. The idea is practically the fol-
lowing: since we do not want the ovaries to be
exposed to the toxic and detrimental effects or
consequences of the various therapies, a good
solution would be to take them out of the body
and store them somewhere safely; then to put
them back in the body in order to restore normal
ovarian function and fertility when the patient is
cured [30-32].

In women who will be treated for breast can-
cer, fertility can be preserved without delay with
this technique; so it can be performed immedi-
ately after diagnosis without any hormonal
stimulation.

Briefly described, a laparoscopy is performed
during which tissue pieces of the ovarian cortex
are obtained. These pieces are then cut into
smaller portions of 2 x 5 x 5 mm, which are the
final grafts. The density of the follicles is
recorded, and finally the grafts are frozen [30—
32]. Thereafter chemotherapy and/or radiother-
apy for breast cancer treatment follow as per
planned. After years, if the woman has got infer-
tile and wants to restore her fertility, the small
grafts of ovarian tissue are thawed and re-
transplanted with an orthotopic or heterotopic
transplantation. In the case of orthotopic ovarian
tissue transplantation the tissue is placed via lap-
aroscopy on the ovaries where it naturally
belongs. In the case of heterotopic ovarian tissue
transplantation, the tissue could be transplanted
in different places, such as under the skin. In the
first case, natural fertility and comprehensive
ovarian function might be restored, while in the
second, pregnancy can occur only through
in vitro fertilization [30-33]. Heterotopic trans-
plantation is an attractive option since it avoids
invasive procedures in the abdomen like laparos-
copy and makes oocyte collection easier. It is
practical and cost effective particularly when it is
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required to be repeated due to the reduced lifes-
pan of the ovarian grafts [30-33].

Restoring fertility using cryopreserved and
thawed ovarian tissue is a challenge because it
involves many technical and scientific obstacles
and difficulties that the gynaecologist has to over-
come. Based on the existing data [29, 30], although
successful, ovarian tissue transplantation after its
cryopreservation has led so far to the delivery of
more than 37 healthy newborns [30]. Therefore in
humans, ovarian tissue transplantation is still con-
sidered to be an experimental process until its
effectiveness is proven. However, this technique is
already considered non-experimental in some
countries, and its experimental status is undergo-
ing evaluation in the United States.

25.3.7 Oocyte Donation

The last option is egg donation. This, of course, is
an option for childbearing, not for fertility. It
involves oocyte donation from a healthy donor,
preferably less than 30 years of age. The donor
will be given gonadotropins in order to achieve a
satisfactory number of follicles developing in her
ovaries, and will eventually undergo oocyte pick-
up, while the recipient is having her endometrium
prepared for transfer of the embryo.

25.4 Conclusion

Over the years, more and more young women are
facing the problem of breast cancer early in their
lives. The modern therapeutic strategies that
oncologists apply nowadays have significantly
improved survival rates and life expectancy. After
the priority of curing the disease, fertility will be
the patient's next request from her doctor.
Therefore, there is a certain need for coordinated
action protocols in all these cases.

ASCO has set out relevant guidelines in 2013,
and has updated them recently in July 2018 [8].
The basic aspects can be summarized as in
Table 25.1.

Regarding the available options for fertility
preservation and restoration, current data are
summarized in Table 25.2.

Table 25.1 Summary of ASCO guidelines about fertility
preservation while treating cancer

Oncologists, radiotherapists and gynecologists should
inform the patient about the possibility of fertility
impairment or even loss, prior to performing

chemotherapy.

It is their obligation, first of all, to inform the patient
for the option of preserving fertility before

chemotherapy.

If interested, the patient should be referred to assisted
reproduction specialists. These will inform her about
all the existing options and prospects in detail.

After the end of the treatment cycles, the patient's
ovarian reserve should be re-estimated.

Early and prompt information given on these sensitive
issues significantly reduces the patient’s stress and
improves her quality of life.

Table 25.2 Summary of available options for fertility
preservation and restoration in breast cancer

Method

Points

Cryopreservation of
embryos

The most widely tested,
acceptable and successful
method

Cryopreservation of
oocytes

Not experimental since
October 2012; appropriate for
cases with no partner, not
accepting sperm donation, or
with moral or religious
dilemmas for embryo freezing

Ovarian suppression

Insufficient data on the
efficacy; should not be used as
the only option; might be
administrated with the aim of
reducing chemotherapy-
induced ovarian insufficiency

Controlled ovarian
stimulation

Can be implemented via a
variety of protocols; can be
started at any time during the
cycle

Ovarian stimulation
protocols + Al or
SERM

Does not seem to increase the
likelihood of disease
recurrence in hormone
dependent estrogen receptor
positive breast cancer

Cryopreservation of
ovarian tissue and
re-transplantation

is considered an experimental
method; should be performed
in specialized centers with the
appropriate experience

Al aromatase inhibitor, SERM selective estrogen receptor

modulator

The essential message is that eventually there
are reassuring and effective solutions for fertility
preservation in a woman with breast cancer. We
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have to focus on the correct approach, which
always includes providing comprehensive and
reliable information to the patient; followed by
the state of the art therapeutic strategies that,
without jeopardizing her life, covers the patient's
uncertainty and anxiety about her future fertility.
Thus, fertility preservation can be applied to
young breast cancer patients with a variety of
techniques, as well as their combinations. More
powerful and well-designed studies are needed to
document the effectiveness of the newer and
most promising methods. It is likely that the list
of various techniques will expand in the future,
and there is still a need for research that will pro-
vide answers to the current technical and scien-
tific questions, and overcome the obstacles.
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Abstract

Breast cancer is one of the most commonly
diagnosed malignancies in women of child-
bearing age. One of the surgeries performed in
the management of the disease is mastectomy,
which might negatively affect body image and
quality of life, and breast reconstruction is seen
as a remedy to this problem. However, for the
women who are interested in having children
after treatment of breast cancer, the debate is
whether they can have a successful pregnancy
and delivery after breast reconstruction.
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26.1 Overview

Currently, breast cancer is detected earlier owing
to the higher awareness of the general population
and because of screening principles that have
been established in many areas. However, owing
to the increasing age of pregnancy, many women
diagnosed with the disease have not yet given
birth to a child and are planning for it in the future
[1].

Breast conserving surgery (BCS) is not always
an option in the management of breast cancer and
mastectomy remains one of the main treatments.
This operation not only affects the patient physi-
cally but also psychologically because of the dis-
turbed self-image; hence, breast reconstruction is
becoming one of the main parts of the treatment
of breast cancer and helps patients have a better
quality of life.

However, in young patients who do not opt for
BCS or who have contraindications for it and
undergo mastectomy, the question is whether
they can become pregnant after breast recon-
struction. This subject is discussed below consid-
ering different techniques of reconstruction.
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26.2 Pregnancy after Different
Methods of Breast
Reconstruction

Immediate breast reconstruction (IBR) or delayed
breast reconstruction (DBR) does not prevent a
successful pregnancy. For IBR, simple tech-
niques could be used (implant or expander) to
avoid major complications; whereas in DBR, all
techniques are possible and will not affect a
future pregnancy. Even with the transverse rectus
abdominis myocutaneous (TRAM) flap tech-
nique where the rectus abdominis muscle is har-
vested, pregnancy is still possible [2].

Before carrying out mastectomy as treatment
of breast cancer in a woman who plans for subse-
quent pregnancy, all pertinent techniques of
breast reconstruction should be discussed with
the patient, considering the quality and laxity of
her thoracic wall skin and her comorbidities
(smoking, high body mass index, and other dis-
eases such as diabetes or thromboembolic blood
diseases). In addition, breast asymmetry after
pregnancy must be described for the patient so
that she is aware that there might be a need to
perform further surgeries after delivery.

26.3 Pregnancy after Prosthesis
Reconstruction

Either an implant or an expander-based recon-
struction is possible. In the latter instance, it is
important to inform the patient that performing
MRI is considered unsafe when tissue expanders
are in place, owing to the metallic port. Possible
complications include displacement of the port
and implant, image artifact, local heating, and
device malfunction [3]. A systematic review per-
formed in 2019 has investigated the issue and
conclude that while controversies still exist about
the safety of MRI with tissue expanders, it can be
carried out by following a detailed protocol [4].
The expander could be exchanged for the defini-
tive implant before or after pregnancy, but it is
preferable to finalize the reconstruction when the
patient’s weight is stable.

Pregnancy affects the whole body, with the
breast being particularly targeted. Breast hyper-
trophy, ptosis, areolar enlargement, nipple hyper-
trophy, and increased pigmentation of the
nipple-areola complex usually occur during preg-
nancy [5], resulting in asymmetry between the
two breasts (see also Chaps. 1 and 2).
Consequently, a second surgery, such as the
implant change of the reconstructed breast or
mammoplasty of the contralateral breast might
be needed about 6 to 12 months after pregnancy.

26.3.1 Autologous Reconstruction

26.3.1.1 After Abdominal Flaps

The abdomen is the most common area from
which tissue is harvested for autologous breast
reconstruction [6-10].

The transverse rectus abdominis myocutane-
ous (TRAM) flap could be harvested as a pedi-
cled or free flap. The whole rectus abdominis
muscle or part of it (muscle sparing) together
with the overlying adipose tissue and skin are
harvested based on the superior epigastric ves-
sels and transposed to reconstruct the breast. On
the site of harvest of the rectus muscle, the pos-
terior rectus fascia should be reinforced either
with the contralateral anterior fascia or with a
mesh to prevent abdominal wall weakness and
hernias.

Earlier reports of pregnancy after a TRAM
flap reconstruction described a hernia with an
attenuated and weak abdominal wall during
cesarean section [11]. However, even if a portion
of the abdominal wall fascia is removed with a
part of the muscle, the potential adverse effects
on pregnancy and labor are not very significant,
and successful pregnancies and labor have been
reported after a TRAM flap reconstruction [2,
11-13] (Fig. 26.1).

Considering the morbidity of the donor site
and the potential weakness of the abdominal
wall, a one year delay is preferable between the
TRAM flap reconstruction and the pregnancy,
although pregnancy has also been achieved
uneventfully within a shorter interval [11, 12].
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Fig. 26.1 Pregnancy occurring 8 years after left breast
TRAM flap reconstruction in a 35 years-old patient. The
patient is planning to undergo right breast symmetrization
after breastfeeding. (Courtesy of Dr. Ramesh Omranipour)

With the advancement of microsurgery and
perforator flaps, the deep inferior epigastric per-
forator (DIEP) flap has gradually become the
superior choice for autologous breast reconstruc-
tion because it reduces donor site morbidity,
abdominal wall complications, and postoperative
recovery time [10]. Here the skin and underlying
adipose tissue are harvested on a perforator of the
inferior epigastric vessels, leaving the rectus
abdominis muscle intact. The flap is transferred
to the chest area as a free flap where vascular
anastomosis is performed and is then reshaped to
reconstruct the breast.

Pregnancy after DIEP flap reconstruction is
possible, and there would not be any conse-
quences on the delivery as the muscles are intact;
vaginal or cesarean births are possible in these
circumstances [14, 15].

26.3.1.2 After Dorsal Flaps

The latissimus dorsi (LD) musculocutaneous flap
provides a readily available local source of well-
vascularized muscle and fat that can be used in
conjunction with tissue expanders and implants

to reconstruct the breast after mastectomy in both
an immediate and a delayed fashion [16]. It
involves harvesting the LD muscle together
with the overlying adipose tissue and skin and
then transposing it anteriorly to reconstruct the
breast.

On the contrary, the thoracodorsal artery per-
forator flap spares the LD muscle and only the
skin and adipose tissue are raised on a perforator.
This flap too has been reported in breast recon-
struction [17]. Another free flap that has been
used is the lumbar artery perforator flap [18, 19].

There is no damage to the abdominal wall
with these techniques, and the result is stable dur-
ing pregnancy as the increase of flap volume is
proportional to weight gain. Consequently, there
is absolutely no effect on future pregnancies or
labor. In cases where an implant is used with
these flaps, the implant might need to be changed
after the pregnancy owing to asymmetry between
the two breasts.

26.3.1.3 After Lower Limb Flaps

The transverse myocutaneous gracilis flap, the
inferior gluteal artery perforator or superior glu-
teal artery perforator flaps, the profunda artery
perforator flap, the anterolateral thigh flap, and
the fascia lata perforator flaps are all different
options for breast reconstruction [20, 21]. These
flaps also do not affect the abdominal wall and do
not have adverse effects on pregnancy.

26.3.1.4 After Fat Grafting
Reconstruction with fat grafting is possible
before pregnancy, but the patient must know that
the reconstructed breast will increase in volume
during pregnancy and get smaller after delivery.
Contraindications for fat grafting, which con-
sist of insufficient excision and a mammographic
density classification of ACR 3 or 4, must be
respected; as there is a debate about increased
risk of recurrence of estrogen-dependent cancer
during pregnancy, particularly if the pregnancy is
precocious to the diagnosis of cancer [22, 23].
We have also raised the question of recurrence
owing to growth factors of fat grafting during
pregnancy but there is no literature yet on this
issue.
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26.4 Immediate Breast
Reconstruction during

Pregnancy

Owing to the complexities associated with surgi-
cal decision making in the treatment of breast
cancer in pregnancy, a multidisciplinary team-
based approach should occur early in treatment
planning [24-26].

As radiotherapy is contraindicated during
pregnancy (see also Chap. 16), mastectomy is
frequently unavoidable (see also Chap. 12). In
this situation, IBR can be performed using an
implant or an expander. This allows a simple
reconstructive option with fewer complications
and less operation time. The volume of the recon-
structed breast will change after delivery, so it is
preferable to use an expander and change it to the
definitive implant around 6-12 months after
delivery, when the patient’s weight is stable. Here
again, it is important to inform the patient about
the concerns of MRI studies while the expander
is in place, because of its metallic valve.

IBR improves the quality of life of the patient.
Itis a possibility we can offer to our patients even
during pregnancy. However, the reconstruction
technique must be simple, without risks of fail-
ure, infection, or necrosis; therefore, it is impera-
tive to discuss and explain all the risks to the
patient. Free flaps, on the contrary, are avoided
during pregnancy owing to high thromboembolic
risk and lengthy procedures.
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27.1 Overview

The increasing incidence of breast cancer has
been partially attributed to changing patterns of
lifestyle including reproductive factors. Later
marriage, fewer pregnancies, and shorter dura-
tion of breastfeeding are known to influence the
risk of breast cancer.

27.2 Pregnancy
and Breastfeeding
as Protective Factors
for Breast Cancer

27.2.1 Pregnancy

The protective role of pregnancy on breast cancer
development was established 50 years ago, with
the publication of a paper discussing the protec-
tive role of parity on breast cancer and the vary-
ing effect of age at first pregnancy [1]. This
observation; however, was not novel: the effect of
pregnancy (and breastfeeding) on breast cancer
was suggested by Ramazzini in the 18th century.
He was the first to report that breast cancer was
particularly frequent in convents. This informa-
tion is still relevant because even today nuns have
a higher mortality risk from breast cancer [2].
Later studies established that protection is
increased by an increase in the number of
pregnancies and time of breastfeeding. The
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mechanism behind this protective effect is not
clear, and a role for mammary stem cells has
been suggested [3].

Parous women have a reduced mortality for all
cancers and for breast cancer specifically [4], and
this effect is particularly evident for full-term
pregnancy at an early age. Recently, reproductive
behaviors have been studied in relation to differ-
ent subtypes of breast cancer, and it has been
shown that parity reduces the risk of luminal
breast cancer but not that of HER2-positive or
triple-negative breast cancer (TNBC). On the
contrary, age at first pregnancy has a different
effect in that old age at first pregnancy increases
the risk of luminal breast cancer but not that of
HER2-positive breast cancer or TNBC [5]. The
effect of parity in BRCA-mutated women appears
to be less consistent, with differences according
to the gene involved [6].

27.2.2 Breastfeeding

Several studies have shown the protective effect
of breastfeeding on breast cancer, and it has been
suggested that incidence of breast cancer in
developed countries could be impressively
reduced if childbearing behavior (parity, duration
of breastfeeding) of women in developed coun-
tries was similar to that of women in developing
countries [7]. A detailed analysis of molecular
subtypes of breast cancer showed that not all
types are reduced to the same extent and that
breastfeeding reduces the risk of luminal breast
cancer and TNBC [5, 8, 9] but not that of HER2-
positive cancer [5]. Breastfeeding also plays a
protective role for women carrying a BRCA
mutation, but this has been shown in BRCA-I—
mutated cases, and not yet in BRCA-2-positive
patients [10].

27.3 Pregnancy as a Risk Factor
for Breast Cancer

Most breast cancers are sporadic, and the etiol-
ogy of the disease is not well understood;
although it is now clear that some external factors
such as the pattern of reproductive behavior can

modulate the risk. Many epidemiological studies
have indicated that the long-term protective effect
of pregnancy on the risk of breast cancer is pre-
ceded by a short-term adverse effect, with an
increase in breast cancer risk for the first 5 years
after delivery as compared with other periods
afterward [11] (see also Chap. 23). As reported
by Bruzzi et al. [12], the relative risk for breast
cancer in women who had given birth to a child
during the previous 3 years was 2.66 compared
with women whose last childbirth had occurred
10 years ago, or more. The risk slowly decreased
thereafter.

Along with these data, a study on Swedish
women published by Lambe et al. [13] compris-
ing approximately 75,000 patients reported that
primiparous women were at a higher risk of
breast cancer than nulliparous women for up to
15 years after childbirth and at a lower risk
thereafter. The excess of risk was most pro-
nounced among those who were older at the
time of first delivery (odds ratio, 1.26; 95% CI,
1.10-1.44; 5 years after delivery among women
who were 35 years old at the first delivery).
Some years later, the same group reported a
case-control study [14] comparing primiparous
with nulliparous women and showed that a tran-
sient increase in maternal breast cancer risk
peaked 5 years following delivery (odds ratio,
1.49; 95% CI, 1.01-2.20) and leveled off 15
years postpartum. Women who had given birth
to two children had a transient increase in risk
that was lower at its peak than that of primipa-
rous women, occurring about 3 years following
the second delivery. This time window of 5
years postpartum may define the latent period
required for pregnancy hormones to promote the
progression of normal breast cells toward early
stages of malignant transformation.

Despite this slight increase in breast cancer
risk after delivery, an extensive body of epidemi-
ological studies has proved a strong and lifelong
protective effect of early full-term pregnancy [1,
11, 15, 16]. This protective effect is at least 50%
for a pregnancy occurring before the age of 20
years, meaning that women that had an early
pregnancy develop 50% fewer cancers compared
with nulliparous women. On the other hand,
there is an overall increase in the risk of breast
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tumors for first pregnancies after the age of 35
years [17].

Regarding breast cancer subtype, a meta-
analysis [5] of 15 studies including 21,941 cancer
patients and 864,177 controls showed that parity
was associated with a 25% risk reduction of
developing a luminal subtype (OR, 0.75; 95% ClI,
0.70-0.81; P < .001), but advanced age at first
birth was associated with an increased risk of
developing a luminal subtype (OR, 1.15; 95% CI,
1.00-1.32; P = .05). The data above show that
there is a nonlinear relationship between breast
cancer incidence and time interval since
delivery.
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Young breast cancer patients face numerous
challenges during the cancer trajectory. As in
the last decade, women tend to delay pregnan-
cies to a later time in life, and clinicians are
often faced with young breast cancer patients
who want to start a family or complete it.
Becoming a mother is a delicate developmen-
tal process in which the woman redefines and
restructures her identity as she gets prepared
for her new role and responsibilities. When
there is a history of cancer or cancer diagnosis
is communicated during the pregnancy, fears,
worries, and concerns emerge and specific
support may be necessary. Follow-ups during
the post-partum period are also recommended
as lactation issues should not be overlooked.
In this chapter, we analyze the psychological
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aspects of cancer survivors and women with
pregnancy-associated breast cancer, and the
management of these issues.
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28.1 Overview

The first known reference to the definition of
breast cancer is excerpted from an Egyptian
papyrus written 3500 years ago. It seems the sig-
nificance of breasts for women magnifies their
fear towards this disease. For example, it is refer-
enced that 2500 years ago Atossa, the wife of
Darius I, the king of Persia, hid her breast mass
for some time. She was perceivably worried
about dying and dysmorphic looks, about the loss
of sexual attraction and her enticement. These
fears and worries resemble the current concerns
of our patients, 2500 years later [1].

Breast cancer is the most common cancer
among women of reproductive age and the first,
or second most common pregnancy-associated
malignancy (after cervical cancer). Pregnancy-
associated breast cancer (PABC) is described as
breast cancer diagnosed during pregnancy or
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within one year postpartum and it is estimated to
account for up to 3% of all breast cancers [2, 3].
Following the trend of the last decade, women
tend to postpone motherhood to a later age, there-
fore the incidence of PABC may increase over
time [4, 5] (see also Chap. 9). The natural changes
in the breast during pregnancy limit usefulness of
mammography and breast examination (see also
Chaps. 2 and 3). This may play a role in delaying
the diagnosis for 1-2 months [6, 7]. Current evi-
dence does not support the termination of preg-
nancy in patients with PABC [8, 9].

Young breast cancer patients face numerous
challenges during the cancer trajectory. As in the
last decade, women tend to delay pregnancies to
a later time in life, and clinicians are often faced
with young breast cancer patients who want to
start a family or complete it. Becoming a mother
is a delicate developmental process in which the
woman redefines and restructures her identity as
she gets prepared for her new role and responsi-
bilities. When there is a history of cancer or can-
cer diagnosis is communicated during the
pregnancy, fears, worries, and concerns emerge
and specific support may be necessary. Follow-
ups during the postpartum period are also recom-
mended as lactation issues should not be
overlooked.

28.2 The Psychological Impact
of Breast Cancer on Pregnant
Mothers

Breast cancer is the most widely scrutinized can-
cer in women with respect to its psychological
impact. This is partly due to the fact that it is the
most common form of cancer in women in the
world. On the other hand, we live in a “body cul-
ture”, where the emphasis is laid on physical
appearance, and this disease involves a part of the
body that is associated with attractiveness, femi-
ninity, sexuality, maternity, and consequently
with body image, self-image, and self-esteem.
Psychosocial impact of breast cancer is divided
into three broad areas: psychological discomfort
(anxiety, depression, and anger), changes in life

patterns (related to physical discomfort and dis-
figurement, fertility, marital disruption, and
altered activity level), and fears and concerns
(related to body mutilation, recurrence of the dis-
ease, uncertainty about the future, possibility of
death, and existential issues) [10].

Cancer during pregnancy places the mother in
a challenging and delicate position. A new life is
developing inside her, it feels like fulfillment and
a gift; but simultaneously her own life is in dan-
ger. Moreover, it is a difficult situation for health
professionals, as two people are involved: the
mother and the fetus. Cancer treatment has to
consider the needs of the mother while always
being mindful of the child.

When a breast cancer diagnosis is communi-
cated to a pregnant woman, a period of crisis
begins, at least in the short term. In the first step
of the crisis, the patient will listen to the doctor
describing the diagnosis and treatments and in
the second step, she is asked to adapt to her new
life with cancer.

28.2.1 Breaking Bad News

An operational definition of the bad news has
been presented by Robert Buckman: “any news
that adversely and seriously affects an individu-
al’s view of his or her future” [11]. The way in
which bad news is disclosed to the patients could
affect their perception of the disease, their psy-
chological coping with illness, satisfaction with
care and extent of hope [12-18]. Currently, it is
vastly approved that being informed about the
disease is the patients’ legal and ethical right and
hiding the information about the disease may
lead to distrust towards the physician [11, 12, 19,
20].

Breaking bad news is a difficult task for clini-
cians, patients, and families because it is accom-
panied by distress on both sides. To overcome
this complex task, clinicians should have enough
mastery in advanced communication skills. One
framework that clinicians may find helpful is that
developed by Baile and Buckman [12, 21]. This
guideline includes the major points to be consid-
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Table 28.1 SPIKES- the six-step protocol for delivering

bad news

Steps | Component Measures

1 | S |SETTING UPthe | Maximize privacy, avoid
Interview interruption, respect

confidentiality and
provide support

2 | P | Assessing the Demonstrate how much
Patient’s the patient knows, how
PERCEPTION serious she/he thinks the

illness is, and how much
it will affect the future?

3 | I |Obtaining the Declare how much the
Patient’s patient wants to know.
INVITATION

4 K | Giving Keep in mind the
KNOWLEDGE objectives for the
and Information to | consultation: diagnosis,
the Patient treatment plan,

prognosis, and support.
Listen to the patient's
agenda.

5 | E | Addressing the Respond to the Patient’s
Patient’s Feelings. Responses can
EMOTIONS with vary from silence to
empathic distress, denial or anger.
responses Observe the patient and

give her time.
Empathetic reflection.

6 | S | STRATEGY and Make a Plan or Strategy

Summary and Explain it. Identify
coping strategies of the
patient and reinforce
them. Tell them what
happens next.

Adapted from Baile and Buckman (2000, pp. 305-8) [21]

ered when giving bad news to patients and/or
their relatives (Table 28.1).

In some advanced cases women with PABC
are presented with two bad news: the cancer diag-
nosis, and that they have to decide whether to
continue or not their pregnancy. Both termination
and continuation of pregnancy are risky decisions
that should be shared between the patient, family
members, and the clinician. The clinician should
consider the patient’s and her family personal
values like religion, the meaning of family and
motherhood and their personal relationship. The
following topics should be discussed in the con-
sultation sessions for the process of breaking bad
news and shared decision making:

* Potential treatment options and their possible
complications during cancer therapy (see also
Chaps. 12-16).

e The impact of pregnancy on the natural course
of breast cancer (see also Chap. 11).

e The impact of breast cancer and its treatment
on pregnancy, birth and the child’s develop-
ment (see also Chap. 21).

e Termination of pregnancy has no further ben-
efit to cancer therapy and does not increase
survival per se (see also Chap. 21).

e The situation of giving birth where the father
may become a single parent and the children
may lose their mother after an expected time
(see also Chap. 11).

28.2.2 Adaptation

Adjustment to cancer is facing up to the problems
that arise from the disease, which include changes
in family and work situations, pain, and disability
due to cancer and its treatments as well as living
as cancer survivors. Among other things, patients
with PABC are also asked to be ready for mother-
hood, which by itself brings personal and devel-
opmental changes that can manifest as
psychological challenges during the process of
developing a relationship with their child.

Adaptation to cancer is a dynamic process.
The initial response usually is denial or despair,
followed by dysphoria that may be associated
with anxiety, depression, insomnia, poor concen-
tration; and would usually terminate to accep-
tance and resuming usual activities over months.
Patients vary widely in how they cope with can-
cer over time. Thus, it is very important to recog-
nize early on factors that predict poor/good
adaptation, in order to facilitate recognition of
vulnerable patients [12, 22].

Adaptation to cancer depends on three groups
of factors: (1) Community factors, which include
society attitude and perception of cancer and its
treatments; (2) Patient’s factors that include the
individual (psychological profile and abilities),
interpersonal (relational issues and support from
others), and socioeconomic (availability of
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resources for support) factors; (3) Cancer factors,
which include the stage of cancer at diagnosis,
type, and severity of symptoms including pain,
the extent of treatments and adverse effects, the
effect of cancer on body image and the possibil-
ity of rehabilitation [12, 22].

After breast surgery, some mothers may avoid
physical contact with their children to prevent
them from noticing their body transformations.
Other mothers may be advised against physical
efforts, such as picking up or holding their chil-
dren. These situations can cause negative
thoughts and feelings in breast cancer patients
[12, 23]. Predictors of poor adaptation are social
isolation, low socioeconomic status, drug abuse,
prior psychiatric history, prior experience with
cancer, recent losses/bereavement, low flexibility
in the use of coping strategies, pessimistic out-
look and no value system [24].

The findings of a small group of qualitative
studies on PABC show that the majority of
patients report that the situation has both a posi-
tive and negative impact on their life, if we con-
sider the trajectory of patients that experience
disease and pregnancy from the stage of diagno-
sis through survivorship, both as individuals and
as families [12, 25-27]. Emotional resilience
plays an important role in coping with this diffi-
cult situation. Patients feel that motherhood
increases their fighting spirit, providing a reason
to battle the illness and live, and through this
belief, the motivation for vitality and survival
increases. Many women believe that being a can-
cer survivor makes them meaningful and power-
ful individuals and better parents [28].

28.2.3 Ethical Issues

The literature about ethical issues in patients with
PABC usually uses the term “fetal-maternal con-
flict” which pertains to the conflicting situation
for a mother to choose between her own
versus the fetus’ benefits. As the majority of
mothers prefer the beneficence of their children,
indeed, this ethical dilemma or conflict belongs

to the clinician who has to balance between
two sides of ethical obligation: mother versus
fetus [29].

The most important question in this context is
whether we should consider the fetus as a patient?
Various religions have different approaches to
this issue. Some have proposed that the fetus
becomes a person at a specific time during the
pregnancy. However, this approach does not
solve the problem because agreement on person-
hood on the basis of age of the embryo is elusive.
Another approach to the personhood of the fetus
is to consider the chance of its viability outside
the uterus. However viability is the function of
medical care and technological capacity. As a
result, there is no universal worldwide gestational
age that guarantees viability [29, 30].

The ethical models and principles help clini-
cians answer these issues in our pluralistic soci-
ety. These models often use a diversity of
approaches that are applicable to clinical situa-
tions. For example, according to Beauchamp and
Childress’ (2001) approach, two specific princi-
ples should be considered in this ethical
situation:

Respect for Autonomy The mother should have
the right to choose different options freely, based
on her values and beliefs. On the other hand,
there is no autonomy right for the fetus.

Beneficence This requires the clinician to evalu-
ate correctly the different treatment options and
to implement those which offer the patient the
greatest balance of benefits over risks. There is
also a beneficence obligation of the clinician
towards the fetus.

A framework for medical ethics, incorporat-
ing these two ethical principles and the concept
of the fetus as a patient, would allow developing
a comprehensive guideline for clinical judgment
and the process of shared decision-making by the
clinician, the patient, and her family regarding
the management of PABC [30].



28 Psychological Aspects of Pregnancy and Lactation in Patients with Breast Cancer

203

28.2.4 Psycho-Oncological Care

Caring for a woman suffering from PABC is a
challenge for the following reasons: dealing with
a patient with contradictory emotions, on the one
hand, fear of death and hopelessness and on the
other the joy of motherhood; considerable con-
cern of the patient about the future of her own
and her child. A multidisciplinary approach to the
patient is the sine qua non for medical care in this
clinical situation. All of the team members should
pay special attention to the sense of security of
the patient. There is a regular dialogue between
the patient and the experts for exchanging opin-
ions and information in this context. All of the
team members should have general counseling
and communication skills to deal with this com-
plex situation. More specific psycho-oncologic
care that is provided by psychiatrist or clinical
psychologist should apply for more complex
problems of the patients and her family in differ-
ent stages of the cancer journey. Various psycho-
therapeutic interventions are available for helping
these patients including education, solution-
focused therapy, hypnosis, cognitive-behavior
therapy, mindfulness-based cognitive therapy,
existential psychotherapy, group therapy and
finally pharmacotherapy. Each method should be
tailored to patients with PABC and their family.

28.3 Pregnancy in Breast Cancer
Survivors: Mental Health
Issues

More than 25% of breast cancer cases occur in
premenopausal women [31]. Many young breast
cancer survivors have major concerns when faced
with this diagnosis, especially those who have
not yet completed their families. On the one
hand, they may have a set of concerns about the
safety of pregnancy with regard to cancer recur-
rence and mortality [32]. Most of the studies have
failed to find an impact of pregnancy on the out-
come and mortality of breast cancer survivors
and in some studies, it is considered a protective
factor [33-36]. Patients are typically advised to
wait for 2-3 years after treatment ends before

conceiving, especially those with estrogen recep-
tor negative cancers. Nonetheless, the evidence
for this waiting time is weak [34, 37]. In spite of
these optimistic results, several investigators
questioned the quality and power of the available
research in terms of sample size, limited data
source and selection and recall bias [38, 39] (see
also Chap. 23).

One of the pivotal biases in these studies is the
selection bias termed the ‘healthy mother bias,
which is a kind of selection bias and presumes
that breast cancer survivors who decide to
become pregnant are a self-selected, healthier
group based on their prognosis [40]. However, a
nested case-control study conducted on the data-
base of participants in the Women’s Healthy
Eating and Living (WHEL) study did not find
evidence of a healthy mother bias. However,
mental health, although not traditionally dis-
cussed in the context of this bias, was marginally
significantly better among women who had chil-
dren, suggesting that mental health is an impor-
tant component of overall health and that its
relationship to post-cancer pregnancy should be
evaluated in future research [41].

This statement is in accordance with previous
studies showing that the presence of medical risk
is generally associated with psychological suffer-
ing in pregnant women and to a poorer represen-
tation of the child-to-be, as well as themselves as
mothers [42]. A recent meta-analysis of 43 stud-
ies compared the prevalence of negative feelings
and mood disorders in two populations, cancer
survivors and healthy controls. The prevalence of
depression in cancer survivors was 11.6%, com-
pared to 10.2% in healthy control patients. The
prevalence of anxiety was higher: 17.9% in can-
cer survivors, compared to 13.9% in healthy con-
trols [43]. As negative mood states such as
depression and anxiety and higher psychological
burden are frequently encountered in young
breast cancer survivors, it is vital to see whether
these have any impact on pregnant patients’ men-
tal well-being when they become mothers.

Another fundamental aspect of this population
is partner support as no support system can
increase the risk for poor pregnancy outcomes
and mental health issues. Previous studies have



204

A.-A. Nejatisafa et al.

shown that low levels of partner support were
associated with higher levels of antenatal anxiety
and depression during pregnancy [44] and that
low levels of shared communication, of relation-
ship satisfaction, and of emotional and instru-
mental support increased the risk of developing
depression [45].

A systematic review of studies about child-
bearing attitude and decisions of young breast
cancer survivors showed that childbearing after
breast cancer is an important issue for survivors.
While on one hand, some women welcomed the
idea of becoming a mother and bearing (more)
children, some women were against motherhood.
The third group of women were hesitant and felt
that they could not make the decision yet [46].
Ambivalence may be heightened by fears of the
woman regarding her own prognosis in terms of
recurrence or survival, or may be related to fear
that their child might have a birth defect due to
previous oncological treatment or that the child
will be born with a greater susceptibility to can-
cer. Ambivalence can also be partially explained
by the high levels of unmet informational needs
for young breast cancer survivors regarding fer-
tility and menopause [47]. In addition, a kind of
disharmony may exist between young survivor’s
worry about childbearing ability and how this
concern is approached by the clinicians [47, 48].

To sum up it seems that, according to the cur-
rent evidence, the younger is the cancer survivor
the more are the psychosocial needs; especially
those concerning physical changes due to treat-
ment, and associated reproductive complications
[49]. Motherhood seems to be a relevant matter
for breast cancer survivors; therefore, it is essen-
tial to develop and improve educational tools and
incorporate psychosocial support services for
young breast cancer survivors.

28.4 Psychological Aspects
of Lactation in Breast Cancer
Survivors

The majority of research shows that breastfeed-
ing is accompanied with important health bene-
fits for women, including decreased risk for

metabolic syndromes and certain reproductive
cancers, and it is considered a protective factor
for breast cancer incidence [31, 50] (see also
Chap. 27). However, there is also evidence of
substantial costs associated with breastfeeding,
such as spending several hours per day to breast-
feed or not feeling at ease with breastfeeding in
public, which inevitably forces mothers to stay at
home. Even though in recent decades breastfeed-
ing promotion has become a key element in
health programs, it is important to be aware that
if changes in the mothers’ personal and social
roles occur, breastfeeding might not be the best
choice [51]. Specifically, mothers who survive
breast cancer encounter a unique situation with
physical and emotional aspects that might affect
their decision and/or ability to breastfeed.

Although breastfeeding after breast cancer
treatment is possible, lactation may be limited
[25, 52] (see also Chap. 27). Only a few studies
have investigated patient’s worries, concerns and
fears related to breastfeeding and they suggest
that breast cancer survivors experience two kinds
of barriers with regards to breastfeeding: practi-
cal barriers and emotional barriers. Practical bar-
riers include the impact of the anatomical and
physiological changes of the breast on the ability
to breastfeed and the cost of breastfeeding on
patients’ social and occupational life [52, 53]. A
qualitative study conducted by Ives et al. sustains
that some women with PABC experienced breast-
feeding as an additional challenge to the manage-
ment of cancer-related issues [25]. They also felt
that they did not belong to the maternity ward as
they perceived more difficulties adjusting to
feeding schedules compared to women sharing
the ward space. For women with pregnancy-
associated breast cancer, the transition to bottle-
feeding can be perceived as forced as occurring
before time [25, 54]. The delicate decision
women make between delaying chemotherapy
treatment for some weeks in order to continue
breastfeeding or stopping it to start the treatment
plan is another aspect that should also be consid-
ered during counselling.

Emotional barriers include worrying about the
possible difficulty of recognizing breast cancer
recurrence due to physiologically swollen breasts
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during pregnancy; worrying about transfer of the
disease to the baby through their milk; conflict-
ing thoughts about the failure to comply with the
social expectation to breastfeed; and concern
about showing a scarred breast to the infant or to
others in case of public breastfeeding. Women
who had undergone surgery in the past also
reported feelings of isolation, as their “different”
breasts were noticed by staff, and feared that they
might not be able to provide enough milk for
their newborn from one side, thus harbouring
feelings of inadequacy, of not being “good
enough” mothers and of being betrayed by their
own body [6, 55]. These worries might also be
manifested by women with PABC as a perception
of decreased milk production is reported by
women who had undergone chemotherapy treat-
ment [54]. Figure 28.1 summarizes these barriers
to breastfeeding.

In addition, studies point out that breastfeed-
ing not only protects the mother against psy-
chosocial stressors during the postpartum
period but also increases the quality and inten-
sity of the mother-infant relationship [51]. For
this reason, healthcare professionals often
encourage breastfeeding in breast cancer
survivors [6, 55].

Burden of BF on patients’
social and occupational life

In Western cultures, breastfeeding is widely
envisioned as one of the main means through
which women start to develop a bond with their
child [56]. However, this is only one of the
aspects of the development of the mother-child
relationship, as this complex and delicate process
is actually constructed during different develop-
mental phases (i.e. from the third trimester of
pregnancy up to the first 3 years of the child) and
through various emotional aspects (i.e. from
attunement to empathy). This said, the inability
to breastfeed is perceived by some cancer survi-
vors as a barrier towards developing a positive
relationship with their child [55, 56].

Following the evidence presented above, it
seems that during the delicate transition of breast
cancer patients into motherhood, the breast can
be considered “good”, due to its nurturing role, or
“evil”, as it is taking something away from the
experience of being a mother. Therefore, con-
cerns about safety of breastfeeding, uncertainty
about nursing from one side only and misinfor-
mation are only some of the issues that can
increase worries and anxiety in women with past
or current breast cancer. These issues and the
related psychological aspects can be managed by
providing appropriate counselling to avoid nega-

Showing a scarred breast to the infant

Missing BC recurrence due to
swollen breasts during BF

Belief of transfer of tumor
cells to the baby through BF

Difficulties in

adjusting to BF Practical barriers

schedules

Barriers to BF
in BC survivors

<E motional barriers

Post-treatment changes in anatomy
and physiology, lowering BF ability

Isolation, as different breasts
are noticed by staff

Failure to comply with the social
expectation to breastfeed

Not being able to provide enough milk from
one side (not being “good enough™ mothers)

Fig. 28.1 Practical and emotional barriers to breastfeeding in breast cancer survivors. BC breast cancer, BF

breastfeeding
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tive consequences on the mother’s and infant’s
well-being.
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in inflammatory breast cancer, 145
Axillary exam, 88
Axillary surgery, 96

B

BCS, 95, 96, 103, 125, 126, 134, 161, 189
Beneficence, 202

Benign, xi, 20, 37, 44-51

Biopsy, 12, 14, 18-24, 27-30, 34-38, 44, 4649, 57, 58,
64, 66-70, 88-90, 96, 101-103, 108, 134, 135,

146-149
Bloody nipple discharge, 64, 102
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Bone metastases, 90
Bowen’s disease, 134
Brain MRI, 90
BRCA1 mutation, 23, 120
BRCA2 mutation, 120
Breaking bad news, 200-201
Breast abscess, viii, 12, 21-22, 29, 34, 53-60, 88, 104
antibiotics, 57
aspiration, 56
bacteriology, 56
biopsy, 57
breast sampling, 56
breastfeeding continuation, 57
diagnosis, 56
incision and drainage (I&D), 56
mismanagement, 58
complications, 58
prevalence, 55
risk factors for, 55
mastitis as, 55
treatment, 56-58
antibiotics, 57
ultrasound, 56
Breast alveoli, 4
acinar cells, 4
hobnail appearance, 4
vacuolated cytoplasm, 4
Breast asymmetry, 9, 12, 14, 15, 88
Breast cancer, vii, xi, 23, 58, 69, 75-78, 82, 87-92, 125,
130-131, 143-150, 155, 160-162, 165-171,
181-186, 189, 195-197, 199-206
Breast cancer diagnosed during pregnancy
(PBC), 83
Breast cancers treatments, 153156
Breast conserving surgery, see BCS
Breast edema, 12, 14
Breast erythema, 12
dependent erythema, 12, 14
Breast exam, vii, 9-15, 130, 131, 200
recording in, 10-12, 37
timing, 10
Breast examination, see Breast exam
Breastfeeding, vii—ix, xi, 14, 148, 149, 160-162,
195-196
emotional barriers, 205
Breastfeeding cessation, 160
Breastfeeding education, 161
Breastfeeding start, 160
Breastfeeding technique, 162
Breast imaging and pregnancy, 88
Breast infarction, 20
Breast innervation, 109
Breast inspection, 9, 10, 12-14
Breast lobe, 4
Breast lobule, 4
Breast lump, vii, 12, 13, 23, 29, 36, 37, 134, 138
See also Breast mass
Breast mass, 36-37, 87, 88

complications, 37, 38
core needle biopsy, 89
diagnosis, 88
Breast neoplasms, 47
Breast pain, 12, 34-35
Breast palpation, 9, 10, 12, 14
boundaries, 10
fingers in, 10, 11
patterns, 11
pseudomass in, 10, 11
Breast radiotherapy, 126
Breast reconstruction, 98, 189-192
autologous, 190-191
immediate, 190, 192
prosthesis, 190-191
Breast sampling, 27-29, 101
Breast surgery, 101
anesthesia, 108
complications, 102
Bromocriptine, 104
Busulfan, 177

C
Cabergoline, 104, 160
Cancer risk, 69, 130, 131, 196
Carboplatin, 117, 156
Carcinoma, 23
Cardiomyopathy, 110
CDK4/6 inhibitors, 119-121
Cephalexin, 55
Cephalosporins, 57
Chemotherapy, vii, viii, 23, 88, 90-92, 95, 102, 110,
116-118, 121, 125, 132, 135, 145, 147-149,
154-156, 160, 165, 167-169, 176-178,
182-185, 204, 205
adverse effects, 117
cessation of breastfeeding during, 160
complications, 147
drugs, 156
in breast milk, 160
transplacental passage, 156
effect on fertility, 176
FAC, 117
FEC, 117
fetal concerns, 155
teratogenic risk, 155
Cisplatin, 117, 160
CK5/6 immunostains12, 67
Clindamycin, 57
Clinical presentations, 33-38, 54
Colostrum, ix, 6
Complex cyst, 45-47
Complicated cyst, 45
Complication, 101-103, 148, 149, 153-155
breast infection, 102
abscess, 102
mastitis, 102
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milk fistula, 103-104

surgery, 102

tumor seeding, 102
Conservative breast surgery, 125
Copper 1UD, 170
Core needle biopsy, 28, 29, 64

papilloma, 64

sensitivity, 28

specificity, 28
Corpus luteum, 4
Corticosteroid, 59
Corynebacterium, 58
Cryopreservation, 182-185
Cyclophosphamide, 110, 117, 160, 177
Cystic lesions, 45, 46
Cytarabine, 156
Cytology, 27-31, 37, 48

D

DCIS, 23, 29, 44, 65-69, 83, 84, 134

Deep inferior epigastric perforator flap,
see DIEP flap

Deruxtecab, 121

Deruxtecan, 120

Diagnosis, xi, 9-15, 18, 20-24, 35-38, 44, 45, 47, 48,
50, 58, 64, 67-70, 78, 81, 83, 87-92, 97, 102,
108, 115, 130, 132, 134, 135, 144, 147, 154,
160, 166, 168-170, 184, 191, 200-203

Dicloxacillin, 55, 57

DIEP flap, 191

DIN, 67

Docetaxel, 117

Dopamine agonists, 104

Down syndrome, 117

Doxorubicin, 110, 117, 156, 160

Drug transfer, 160

Ductal carcinoma in situ, see DCIS

Ductal intraepithelial neoplasia, see DIN

Ductal invasive carcinoma, 82

Dysmorphic look, 199

E
E-cadherin, 67
ELIOT, 126
Embryo genetic testing, 132
Endocrine therapy, 117, 119
effect on fertility, 178
Epirubicin, 117, 156
Erythromycin, 57
Estrogen, 4, 6
estriol, 6
Ethical issues, 202
Everolimus, 120
Exposure, 38, 78, 89, 98, 116118, 126, 147,
155, 156, 168

F
Family planning, 169
Fam-trastuzumab, 120, 121
Fat grafting, 191
Feedback inhibitor of lactation, 160
Fertility, xi, 169, 175-178, 181-185
after chemotherapy, 176
after endocrine therapy, 178
after radiotherapy, 178
after surgery, 176
counselling, 169
Fertility counseling, 181-186
Fertility preservation, 181, 182, 184, 185
Fetal anomalies, 117, 119, 120, 167
Fetal cardiotoxicity, 156
Fetal complications, 38, 155-156
Fetal loss, 119, 120, 154, 167, 168
Fetal malformation, 117, 126, 147, 154, 155
Fetal-maternal conflict, 202
Fetal monitoring, 116
Fetal radiation dose, 126
Fetal shielding, 115
fractional shortening, 156
FHR monitoring, 111
Fibroadenoma, vii, 19-21, 24, 29, 31, 36, 47-48,
87, 88, 140
atypical fibroadenoma, 47
color Doppler, 48
giant fibroadenoma, 31
growing fibroadenoma, 48
increase in size, 24
infarction, 20
juvenile fibroadenoma, 47
management, 48
microscopic features, 31
multiple, 24, 47
presentation, 47
ultrasound, 20, 21
Fibrocystic, 44-45
diagnosis, 44
imaging, 44
presentation, 44
Fibrocystic disease, 21
Fine needle aspiration
benefits, 28
disadvantages, 28
indications, 28
sensitivity, 28
specificity, 28
fLCIS, 67
Florid LCIS, see fLCIS
Flucloxacillin, 57
Fluctuation, 56
Focal nodularities, 14
5-FU, 117
Fulvestrant, 119, 121
Fungal infection, 58
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Galactocele, 11, 14, 18, 20, 29, 30, 36, 4648, diagnosis, 35, 58-59

54, 87, 88
aspiration, 47
mammography, 20
microscopic features, 30
ultrasound, 20
Gene mutations, 131
fetal risk for, 132
General anesthesia, 108, 109, 111
Genetic mutations, 130
Genetic susceptibility, 130
gene mutations, 130
risk for PABC, 130
syndrome, 130, 131
breast cancer screening, 130, 131
breast MRI, 130
mammography, 130, 131
Genetic testing, viii, 130, 170
Gestation, xi
Gestational gigantomastia, 35, 49, 50
anesthesia, 50
biopsy, 49
complications, 50
management, 49
cabergoline, 49
prolactin level, 49
ultrasound (US), 50
GnRH analogue, 119, 182
GnRH antagonist, 119
Gonadotoxicity, 182
Gonadotropin releasing hormone analogue,
119, 182
Granulomatous mastitis, 53—60
See also 1diopathic granulomatous
mastitis

H
Hamartoma, 21

infarction, 20, 21

mammography, 21

ultrasound, 21

breast in breast appearance, 21
HCG, 4,6
Healthy mother effect, 161, 166
Hematoma, 102
Hemorrhage, 102
High-risk lesions, 46
Histology, 34, 68, 81-85, 89
Hormone receptors, 36, 148
Human chorionic gonadotropin hormone,
see HCG

4-Hydroxyphosphamide, 156

I

IBC, see Inflammatory breast cancer

Idiopathic granulomatous mastitis,
35, 58-60

differential diagnosis, 35, 58
etiology, 58
histology, 35
mammography, 58
management, 59-60
pathogenesis, 58
cotynebacterium, 58
presentation, 58
treatment, 35
ulceration, 59
ultrasound, 58
Ifosfamide, 177
IGM, see Idiopathic granulomatous
mastitis
IGRT
breastfeeding after, 126
breastfeeding during, 126
Image-guided radiotherapy, see IGRT
Imaging, 19-23
PABC, 23
Imatinib, 160
Implants, 190-192
IMRT, 126
In vitro maturation, 182, 183
INCIP, 70
Incision and drainage (I&D), 56
Infarction, 11, 30-31
ultrasound, 20
Infectious mastitis, see Mastitis
Infertility, 150
Inflammatory breast cancer, 84, 143—-150
adjuvant treatment, 145
anti-HER?2 therapy, 147-148
axillary dissection, 145
biopsy, 145, 147
neoadjuvant chemotherapy, 147
in non-pregnant women, 143-144
in pregnancy/lactation, 144—145
diagnosis, 145
differential diagnosis, 144
presentation, 145
staging, 145
treatment, 145-146
Intensity-modulated radiotherapy,
see IMRT
Intercostal nerves, 109
Internal vascularity, 48
Intracystic mass, 46
Intracystic papillary carcinoma, 46
Intrauterine growth restriction, see IUGR
Invasive ductal carcinoma, 82
Involution, 4, 7, 45, 160
IUGR, 154, 167
complications, 155

K
Ketamine, 111
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L
Lactating adenoma, 11, 14, 19-20, 29, 30,
36, 48-49
color Doppler, 49
differential diagnosis, 48
infarction, 20, 48
ultrasound, 21
mammography, 20
management, 49
microscopic features, 30
presentation, 48
ultrasound, 19, 20
Lactating fibroadenoma, 20, 29, 36, 48
Lactiferous duct, 4
Lactiferous sinus, 4
Lapatinib, 120, 160
Latissimus dorsi flap, 191
LCIS, 66-70
epidemiology, 67
non-classical, 67
risk for malignancy, 69
safety of pregnancy in, 70
Letrozole, 178
Levonorgesterel-IUD, 170
LHRH agonists, 121
LIN, 67
LN
age, 67
endocrine therapy, 69
histology, 67 (see also Lobular neoplasia)
mammography, 67
management, 69
MRI, 67
presentation, 67
ultrasound, 67
Lobular carcinoma in situ, see LCIS
Lobular intraepithelial neoplasia, see LIN
Lobular neoplasia, see LN
Local anesthesia, 108
adverse effects, 108
Loco-regional disease, 116119
treatment, 116-119
Loss of sexual attraction, 199
Low-birth-weight infants, 154

M
Macrolides, 57
Magnetic resonance imaging, see MRI
Malignancy, xi
Malignant, 23, 36, 37
Mammographic architectural distortion, 18
Mammographic density, 18
fatty density, 18
Mammography, 18, 23, 88
inflammatory breast cancer, 89
Mastectomy, viii, 35, 50, 59, 69, 95-96, 103, 108, 125,
126, 134, 135, 139, 140, 145, 146, 148, 149,
189-192
Mastitis, xi, 12, 14, 21-22, 29, 34, 53-60

bacteriology, 54-55
breast edema, 54
breast erythema, 54
diagnosis, 55
differential diagnosis, 54
imaging, 55
mammography, 55
MRSA, 55
pathophysiology, 54-55
presentation, 54
treatment, 55
antibiotics, 55
Maternal hypoxia, 154
Melphalan, 177
Mental health, 203-204
in survivors, 203
Methicillin-resistant S aureus, see MRSA
Methotrexate, 117, 121
fetal methotrexate syndrome, 117
Microcalcifications, 18
Milk culture, 57
Milk fistula, 34, 37, 46, 48, 66, 103, 104, 149
prevention, 103
suppression of lactation, 103
Milk stasis, 54
Miscarriage, 117, 167, 168
Monoclonal antibodies, 119121, 147, 160
Montgomery tubercles, 4
Motherhood, 204
MRI, 18, 19, 22-24, 35-37, 64, 65, 67-69, 89, 90, 130,
131, 134, 145-147, 149, 170, 190, 192
gadolinium in, 18
adverse fetal effects, 18
in breast milk, 19
phyllodes tumors, 90
sensitivity in PABC, 19
MRSA, 55
cytology, 57
mTOR inhibitor, 121
Myelosuppression, 110

N
Neoadjuvant chemotherapy, 147-149
Neoadjuvant therapy, 116-119
NeoALTTO trial, 118, 120
Neratinib, 120
Nipple-areola complex, 4
desquamation, 9
iitching, 9
nipple eczema, 9
nipple retraction, 9
nipple squeezing, 10
Nipple discharge, 9, 12, 14, 31, 35-36
bloody nipple discharge, 14
cytology, 36
diagnosis, 35
imaging, 35
milk discharge, 14
watery discharge, 14
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Nitrous oxide, 111

Nonproliferative lesions, 44
Non-puerperal breast abscess, 55
Nonsteroidal anti-inflammatory drugs, 111
NOS, 83

(0]

Obstetric complications, 154, 167-168
Oligometastatic disease, 121

Oocyte collection, 182—-184

Oocyte donation, 182, 185
Organogenesis, 126

Ovarian stimulation, 183

Ovarian suppression, 119

Oxytocin, 6

P
PABC, 18, 19, 22-24, 34, 37, 75-78, 81-85, 91, 92, 95,
96, 102-104, 108, 109, 111, 112, 116, 120,
135, 150, 200-204
anesthesia, 108, 154
axillary surgery, 96-98
chemotherapy, 116-117
dose dense, 116
timing, 118-119
definition, 81
denominator in incidence, 77
diagnosis, 88-91
endocrine therapy, 117-118
fetal complications, 155-156
HER2, 91
histology, 82-85
hormone receptors, 85, 91
immunohistochemistry, 84
immunohistology, 91
incidence, 76, 77
age-specific, 78
luminal B subtypes, 85
maternal care, 153
metastatic disease
visceral disease, 119
MRI, 23
presentation, 88
prognosis, 78, 84, 91-92
radiotherapy, 125
risk pattern, 76
risk window, 75-76
staging, 115
surgery, 95-96
complications, 102-104
survival, 84
triple-negative, 85
Paclitaxel, 116, 117, 156
Paget’s disease, 133, 135
BCS, 134
chemotherapy, 135
DCIS and, 134
differential diagnosis, 134, 135
epidemiology, 133

healed PDB, 135
histology, 134
invasive cancer and, 134
mammography, 134
management, 134, 135
mastectomy, 134
MRYI, 134
nipple scrape cytology, 134
nipple-areolar complex excision, 134
presentation, 133
radiation, 134, 135
surgery, 135
workup, 134, 135
Painful breastfeeding, 38
Palbociclib, 120
Papillary lesions, 46
Papilloma, 29, 31, 35, 46, 63-66
biopsy, 64, 66
color Doppler, 64
diagnosis, 64
mammography, 64
calcifications, 64
management, 64—65
multiple papillomas, 64
nipple discharge, 64
cytology, 64
presentation, 64
solitary papillomas, 64
surgery, 66
ultrasound, 64
upgrading to malignancy, 64, 65
vacuum-assisted biopsy, 64
PARP inhibitors, 120
Pathology, vii, 4, 14, 27-31, 35, 89, 134
Penicillin, 57
Pertuzumab, 121
PGD, 132
Phyllodes tumor, 36, 37, 47,
137-140
classification, 137, 138, 140
in non-pregnant women, 137
axillary dissection, 138
chemotherapy, 138
epidemiology, 137
presentation, 138
treatment, 138
in pregnancy/lactation, 138-140
presentation, 138, 140
surgery, 139, 140
ultrasound, 138, 139
in pregnant women
presentation, 138
mastectomy, 138
sex hormones in, 140
Physiology, 37
PIBK/AKT/mTOR pathway, 120
PIK3 inhibitor, 121
Pituitary gland, 5
Placenta, 4
Plasma cell mastitis, 58
pLCIS, 69
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Pleomorphic LCIS

See also pLCIS
Posterior acoustic enhancement, 45
Posterior shadowing, 48
Postoperative care, 111-112
Postoperative pain, 111
Postpartum breast cancer (PPBC), 83

Pregnancy-associated breast cancer, see PABC

Pregnancy and breast cancer staging, 87-92
Pregnancy risk window, 75, 76
Preimplantation genetic diagnosis, see PGD
Prenatal care, 153156

Prenatal screening, 130

Preoperative assessment, 110

Presentation, 36, 37, 48, 54, 55, 58, 64, 67,91,

92, 135, 144
Preservation, 181-186
Preterm contractions, 154
Preterm labor, 154, 167
Progesterone, 4, 6
Prognosis, 87-92, 150, 201
Prolactin, 5-7, 160
Proliferative lesions, 44
Propofol, 111
Protective factors, 195-196
Psychological aspects, ix, xi, 199-206
Psycho-oncological care, 203
Psychosocial stressors, 205
Puerperal breast abscess, 55

Q

Quinolone, 57

R
Radiation
adverse effects, 126
boost, 125
chest wall, 125
effect on fertility, 177
fetal dose, 126
infertility after, 177
Paget’s disease, 134 (see
also Radiotherapy)
shields, 126
Radiation dose, 125
Radiation toxicity, 126
Radionuclide bone scans, 90
Radiotherapy
fetal dose
safety dose, 126 (see also Radiation)
whole breast, 125
Raynaud phenomenon, 38
nifedipine, 38
Regional anesthesia (RA), 108, 109, 112
Respect for autonomy, 202
Rifampin, 57
Risk factor, 196-197
Rribociclib, 120

S
Safe radiation dose, 126
Safe time interval, 168
Sampling, 15, 27-29, 88, 103
complications, 102
Selective estrogen receptor modulator, 119
Sentinel lymph node, 96
Sentinel lymph node biopsy, 96-98
isosulfan blue, 96
methylene blue
adverse effects, 97 (see also SLNB)
undefined
teratogenicity, 96
Simple cysts, 45
Single-site metastasis, 121
Skin thickening, 88
SLNB
complications (see Adverse effects)
isosulfan blue
adverse effects, 96
methylene blue, 96
one-day protocol, 97-98
radioisotope-labeled colloids, 96 (see also Sentinel
lymph node biopsy)
two-day protocol, 98
Small molecule inhibitor, 119—-121
Suppression of lactation, 160
Surgery, viii, 5, 35, 38, 59, 65, 66, 68-70, 88, 90,
95-98, 101-104, 107-111, 116, 125, 135,
139, 145, 147-149, 154, 155, 161, 168, 176,
190, 205
Survey, 70
Survivor, 160, 161, 165-171, 176, 183, 184, 201, 202,
204, 205
breast cancer screening, 170
breastfeeding in, 161
contraception, 169-170
barrier methods, 170
oral contraceptives, 169—-170
subcutaneous implants, 169
copper IUD, 170
fertility, 176
incidence of pregnancy, 166
levonorgestrel IUD, 170
Survivor (cont.)
mammography, 170
mental health, 203
oral contraceptives, 169
safety of pregnancy, 166—168
surveillance, 170
Symmetrization, 191
Symptom, 12, 34, 148

T

Talazoparib, 120

Tamoxifen, 119, 121, 160

Targeted therapy, 121
effect on fertility, 178
fertility after, 178
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Taxanes, 117

TDLU, 46, 66

Terminal duct lobular units,
see TDLU

Tissue expander, 190

Topical steroids, 135

TRAM flap, 190, 191

complications, 190
delayed, 190

Transverse myocutaneous gracilis
(TMG), 191

Transverse rectus abdominis myocutaneous
flap, see TRAM flap

Trastuzumab, 118, 120, 121, 178

Trimethoprim/sulfamethoxazole, 57

Triple assessment, 47

Trisomy-21, 117

Trophoblasts, 4

Tuberculosis, 58

Tumor seeding, 102

Tumor suppressor genes, 130

U
UDH, 66

Ultrasound, 12, 17-18, 28, 34, 44, 48-50, 55, 67,
68, 88-90, 103, 134, 145, 146, 155,

171, 183
axillary, 88
breast abscess, 21, 22, 56
complex cyst, 46

complicated cysts, 45

fibroadenoma, 47, 48

galactocele, 47

idiopathic granulomatous mastitis, 58

inflammatory breast cancer, 89

intracystic mass, 46

mastitis, 34, 55

PABC, 22, 23

pseudo-benign appearance, 22

papilloma, 64

phyllodes tumors, 138, 139

simple cysts, 45
Unfavorable clinicopathologic features, 84
Usual ductal hyperplasia, see UDH

v

Vacuum-assisted biopsy, 28-29
indications, 29
therapeutic, 29

Vancomycin, 55, 57

Variant LCIS, 67, 69

Variants of uncertain significance, see VUS

Vinblastine, 156

Volatile anesthetics, 111

VUS, 130

W
Wegener granulomatosis, 58
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