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Abstract Screening recommendations for women with
BRCA mutations include annual breast MRI starting at age
25, with annual mammogram added at age 30. The median
age of childbearing in the US is age 28, therefore many
BRCA mutation carriers will be pregnant or breastfeeding
during the time when intensive screening is most important
to manage their increased breast cancer risk. Despite this
critical overlap, there is little evidence to guide clinicians
on the appropriate screening for women with BRCA
mutations during pregnancy or breastfeeding. Hormonal
shifts that occur during pregnancy, the postpartum period,
and breastfeeding result in changes to the breasts that may
further complicate the sensitivity and specificity of
screening modalities. We explore the safety and efficacy of
available breast cancer screening modalities, including
clinical breast exam, mammogram, breast MRI, and
ultrasound among women with BRCA mutations who are
pregnant or breastfeeding, providing recommendations
from the most current published literature and expert
opinion.
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Introduction
Breast cancer diagnosed during pregnancy or during the
postpartum year is categorized as pregnancy-associated
breast cancer (PABC). This diagnosis is rare and historically has presented at an advanced stage with poor histologic and prognostic features [1–4]. There is sparse
literature concerning PABC with incidence reported at 1 in
3000 births, however there are concerns the incidence of
PABC is increasing due to the delayed age of childbearing
[2–5]. According to some studies, women with BRCA
mutations are at an increased risk of PABC, with one study
reporting that 25% of women with PABC harbored a BRCA
mutation [4, 6].
Recent studies have indicated that women with BRCA
mutations have an average lifetime risk of breast cancer of
about 60% [7]. While the breast cancer risk varies throughout
a woman’s lifetime, the excess risk related to mutations in
these genes is most evident during the reproductive years,
with BRCA1 mutations associated with a 3.8% annual risk
between ages 25 and 40 and the average of breast cancer
diagnosis being 40 [8, 9]. Current imaging guidelines for
BRCA mutation carriers recommend screening with annual
breast MRI starting at age 25, with annual mammogram
added at age 30 [10]. This intensive breast cancer screening
among women with BRCA mutations allows for diagnosis of
breast cancer at an earlier stage and there is mounting evidence that it improves overall survival [11, 12].
Given the median age of childbearing in the US is age 28,
many women with BRCA mutations will be pregnant or
breastfeeding during the time that intensive screening is
initiated and this period of intensive screening is an
important component to the management of their increased
cancer risk [13]. There is evidence for the safety and efficacy
of breast screening modalities among young women with
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BRCA mutations [10, 14, 15], however, decisions regarding
screening among women with BRCA mutations who are
pregnant or breastfeeding remain a difficult clinical challenge with little evidence for guidance.
In addition to the difficulties faced in screening BRCA
mutation carriers, the augmented breast tissue and
accompanying changes in vascular flow associated with
pregnancy and breastfeeding cause increased mammographic density and MRI background parenchyma
enhancement. These changes in the breast cause difficulty
in interpreting standard breast screening techniques [16].
Performing clinical trials of breast screening modalities
among pregnant or breastfeeding women with BRCA
mutations is difficult because of safety and feasibility, thus
clinicians must extrapolate from little existing data and
utilize expert opinion. We explore the safety and efficacy
of breast cancer screening modalities among women with
BRCA mutations who are pregnant or breastfeeding and
offer our clinical recommendations for this population.

Case report
A 32 year-old woman, Katie, is seen for genetic counseling
and reports that her maternal aunt had breast cancer at age
45 and Katie’s mother was recently diagnosed with ovarian
cancer at age 50. Her mother tested positive for a BRCA1
mutation. Katie and her two sisters are tested for the
familial mutation. All of them are found to carry the
mutation and none have had breast cancer screening to
date. When Katie’s genetic test results return, she is
14 weeks pregnant with her second child, with plans to
breastfeed for up to a year postpartum, and then plans to
have at least one more child as soon as possible. Given her
fertility plans, there could be little opportunity for breast
cancer screening between pregnancies and breastfeeding.

Clinical breast exam
Clinical breast exam (CBE) is safe to use for evaluation of
high-risk women during pregnancy or breastfeeding, or at
any time during a woman’s lifespan. There are no dedicated studies of CBE among high-risk women who are
pregnant or breastfeeding, but in one study among highrisk women the sensitivity of CBE was reported to be low
at 17.8% [17]. However, the specificity of CBE among
high-risk women was reported to be 98.1% [17], thus an
abnormal CBE should be promptly acted upon [18, 19].
Although there are no direct studies to assess CBE techniques, CBE is likely to be more sensitive in breastfeeding
women if they breastfeed or pump prior to the examination.
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We recommend that high-risk women undergo CBE every
6 months during pregnancy and breastfeeding.

Mammogram
Among (non-pregnant) women at high risk for breast
cancer, screening mammography alone has a diminished
sensitivity compared to the average risk population, and
has been reported to be as low as 25–50% [15, 17, 20, 21].
In the general population, there is a small risk of radiationinduced breast cancer from screening mammogram, estimated to be found in about 1 woman with fatal breast
cancer per every 100,000 screening mammograms [22].
The risk that radiation exposure during mammogram may
increase the risk of breast cancer among young women
with BRCA mutations, due to the diminished ability to
repair DNA damage, has led to the recommendation that
screening mammograms no longer will be performed in
women with BRCA mutations under age 30 [23]. Further,
the risk from radiation could theoretically be greater during
pregnancy and breastfeeding because of increased breast
epithelial proliferation.
There is little data regarding the use of mammogram as
a screening tool for either average- or high-risk women
who are pregnant or breastfeeding. Given the alterations in
breast density and vascular flow during pregnancy and
breastfeeding, the radiographic interpretation is more difficult [16], which raises the concern for an increase in false
positives with routine screening. However, clinical experience among our group suggests that in some patients,
especially during extended breastfeeding, the mammographic density may not be greatly increased compared to
baseline. Additionally, there is risk to the developing fetus
posed by radiation from mammogram, although difficult to
quantify [18]. Given the radiation risks to the mother and
the fetus, and the potential for false positives, in the
absence of a palpable mass, the risks from screening
mammogram during pregnancy outweigh the benefits.
Although mammography is not advised as a screening
tool during pregnancy, when a woman has a palpable mass,
the benefits of mammogram then outweigh the risks and it
has excellent utility even in a pregnant or breastfeeding
woman. In a retrospective review, Robbins et al. described
that among 155 pregnant, breastfeeding, and postpartum
women with suspicious breast lesions, the sensitivity of
mammography was 100% with specificity noted at 93%,
with a positive predictive value of 40% [24]. If PABC is
clinically suspected, mammogram is advised even in the
pregnant or breastfeeding mother [18, 25]. The ability of
modern mammogram to visualize abnormalities in
heterogeneously or extremely dense breast tissue during
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breastfeeding [18, 24] may lead to an evolution of its use as
a screening tool during breastfeeding.
Although all studies available in our literature search
were conducted with standard four view mammography,
there are new techniques that could prove to be more
useful among young high-risk women. New techniques,
such as 3D/tomosynthesis mammography, may provide
increased benefit for high-risk women, however, this
approach may come at the cost of increased radiation
exposure, and the safety and efficacy of these techniques
must be investigated before clear recommendations can be
given.
Based on extrapolations from existing literature and
expert opinion, our recommendation is that high-risk
women should not undergo routine screening mammogram during pregnancy for safety concerns regarding
additional radiation exposure to the fetus. However, in
breastfeeding women above age 30, mammogram screening
may be resumed, especially in women with plans to
breastfeed for more than 6 months postpartum, with the
understanding that the positive predictive value may be
decreased relative to the patient’s baseline. If a woman
elects to undergo screening mammogram while still
breastfeeding, we recommend that the woman breastfeed or
pump immediately before obtaining the mammogram in an
effort to reduce the mammographic density. Alternatively,
if the patient is planning to breastfeed for less than
6 months postpartum, or is planning to discontinue
breastfeeding imminently, it may be reasonable to wait
6–8 weeks after cessation of breastfeeding to re-initiate
mammogram screening to allow improved breast visualization.

Breast MRI
Breast MRI is the most accurate screening tool among
women at increased risk for breast cancer with a sensitivity
of 71.1–100% and specificity of 89% [15, 17, 20, 21].
Breast MRI also has an excellent safety profile among nonpregnant and breastfeeding women because it does not
utilize ionizing radiation, acknowledging the requisite use
of IV gadolinium administration [18]. During pregnancy,
however, both the US Food and Drug Administration and
the European Society of Urogenital Radiology recommend
against the routine use of gadolinium, unless essential
diagnostic information is required, and after informed
consent is obtained, due to animal studies demonstrating
teratogenic effect, albeit at high and repeated doses
[26–28]. Thus, although no human studies have ever
demonstrated harm from fetal exposure to gadolinium,
breast MRI during pregnancy is not recommended for
screening.
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In the breastfeeding woman, a negligible amount of
gadolinium is excreted in the breast milk and further a
minimal amount is absorbed by the child’s gut, [29–32]
thus the American College of Radiology recommends
continued and uninterrupted breastfeeding after gadolinium
exposure [33]. Breast MRI presents little safety concern for
the breastfeeding woman or her child. There are diagnostic
challenges of using this modality to image the lactating
breast (changes in vascular flow, increased fibroglandular
tissue, T2 hyperintensity, and dilation of the milk ducts),
and no studies have evaluated the efficacy of MRI as a
screening modality among high-risk women who are
breastfeeding [16, 34]. However, in a series of seven
breastfeeding patients, five of whom had known invasive
carcinomas, who underwent breast MRI, all five of the
known malignancies were visible as a contrast-enhancing
mass or rim-enhancing mass on MRI, despite the physiologic changes of breastfeeding that are known to limit
sensitivity [35].
We recommend that women not undergo screening
breast MRI during pregnancy. However, in the postpartum
period, breast MRI with gadolinium is safe, and does not
require interruption to breastfeeding. If a woman plans to
breastfeed more than 6 months postpartum a screening
breast MRI is a reasonable option in this time period. If a
woman plans to breastfeed for less than 6 months postpartum, or plans to discontinue imminently, then it is our
opinion that it is reasonable to wait 6–8 weeks after cessation of breastfeeding to resume screening.

Ultrasound
Of the breast imaging modalities, ultrasound is the safest
due to its lack of ionizing radiation or use of contrast.
However, breast ultrasound is limited by its dependent
nature upon the skill and experience of the technician, creating interoperator variability. In addition to its safety profile in the pregnant and breastfeeding woman, ultrasound is
excellent at detecting PABC. When a palpable mass is
noted, ultrasound sensitivity is reported at 100% with
specificity at 86% [24, 36]. However, among the general
population, ultrasound is a poor screening tool with a sensitivity of 29–52% [15, 21, 37]. There is little data about the
sensitivity of screening ultrasound among women at high
risk of breast cancer, but it can be extrapolated that the
sensitivity of ultrasound is inferior to either mammogram or
breast MRI. Breast ultrasound for screening of high-risk
women also has the lowest specificity of the breast imaging
modalities, at 90.5% [21]. Furthermore, ultrasound does not
improve the sensitivity of breast cancer detection when
combined with MRI in the screening of high-risk women
[15, 21]. Many clinicians reasonably consider ultrasound for
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breast cancer screening among high-risk women during
pregnancy or breastfeeding because of its excellent safety
profile. However, we feel that the minimal benefit of
screening ultrasound among high-risk women (with a positive predictive value of 17.6) and the increased false positives cause the risks of screening ultrasound during
pregnancy and breastfeeding to outweigh the benefits. We
urge further investigation into screening breast ultrasound
among pregnant and breastfeeding women before this
approach is adopted widely [21, 24].
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postpartum, immediately after emptying her breasts by
either pumping or breastfeeding to allow better breast
tissue visualization. Alternatively, if she plans to
breastfeed for less than 6 months or presents to her visit
with plans to imminently discontinue breastfeeding, we
recommend waiting until 6–8 weeks after cessation of
breastfeeding, and then offer either mammogram or
breast MRI.

Conclusions
Other breast cancer predisposing mutations
Before pregnancy
For women who are considered at high risk of breast cancer
because of other genetic mutations, such as TP53, PTEN,
CDH1, and PALB2 or because of a significant early family
history of breast cancer without an identified genetic
mutation, we recommend a similar approach to breast
imaging during pregnancy and breastfeeding as we have
for women with BRCA mutations, except beginning
screening at the appropriate age commensurate with the
risk increase for each mutation [10, 38–40]. For women at
high risk, breast imaging with mammogram or breast MRI
should be avoided during pregnancy, however during
breastfeeding, depending on the expected duration of
breastfeeding as detailed above, mammogram and breast
MRI should be considered, especially if the woman has
never undergone breast imaging.
Moderate risk genetic mutations, such as ATM, CHEK2,
and NBN, cause an increase in breast cancer risk when
women are older (with screening recommended to begin at
age 40) [10, 38, 41], thus these women are less commonly
pregnant or breastfeeding during the time period breast
screening is most important. However, if a woman with a
moderate risk mutation was pregnant or breastfeeding
during a time that breast cancer screening is important, we
would recommend that breast imaging with mammogram
or breast MRI be avoided while she is pregnant but could
be considered while she was breastfeeding, depending on
the expected duration of breastfeeding and the clinical
scenario.

Case report recommendations
Katie, with a BRCA1 mutation, is 14 weeks pregnant and
plans to be either pregnant or breastfeeding for several
years.
We recommend that she maintain breast awareness,
continue with CBE every 6 months, and if she plans
to breastfeed for six or more months, we would offer
either mammogram or breast MRI at about 6 months
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When a woman with a BRCA mutation is considering or
actively trying to become pregnant, ensuring her breast
cancer screening is important, since it will be a year or
more before she can obtain breast imaging if she
becomes pregnant. We recommend that if her breast
cancer screening is up to date then she need not undergo
additional screening. However, if she fails to become
pregnant in the ensuing months and it has been 6 months
since her prior breast imaging, she should undergo either
breast MRI or mammogram, whichever of the breast
imaging modalities she is due for. If a woman is planning
to become pregnant during, or soon after cessation of
breastfeeding, for whom there will not be a long window
of time between breastfeeding and pregnancy, we suggest obtaining both mammogram and breast MRI toward
the end of breastfeeding and before the next pregnancy.
If there is likely to be a longer window of time with no
pregnancy or breastfeeding, we suggest breast MRI initially followed by mammogram 6 months later. Importantly, any woman who is not using a regular and reliable
method of contraception should be at least questioned if
she could be pregnant at the time of breast imaging, and
if there is any uncertainty about her pregnancy status, a
pregnancy test should be obtained before breast imaging
is performed.
Pregnancy
For women with BRCA mutations who are pregnant, we
recommend breast awareness and CBE every 6 months
and to defer screening with mammogram or breast MRI
due to mostly theoretical risks to the fetus, but also due
to poor visualization of the breast during pregnancy,
placing women at risk for false positives. Breast ultrasound and mammogram have a clear role in the evaluation of a palpable mass detected in a pregnant woman,
with biopsy of suitably identified lesions for the detection of cancer.
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Breastfeeding
In general, we encourage all women to breastfeed since it
may reduce their risk of breast cancer [42, 43] and offers
many health benefits for the infant. For women with BRCA
mutations who are breastfeeding, we recommend breast
awareness and CBE every 6 months. There is no clear
evidence of the efficacy of mammogram or breast MRI as
screening tools during this time period. However, if a
woman has never had breast screening, or is outside the
recommended screening interval, we recommend obtaining
a breast MRI if the woman plans to continue breastfeeding.
Alternatively, if the woman plans to breastfeed less than
6 months postpartum, or has imminent plans to discontinue
breastfeeding, it is reasonable to wait 6–8 weeks after
weaning to re-initiate breast imaging with either mammogram or breast MRI.
More data about the use breast imaging modalities
during pregnancy and breastfeeding to guide clinical care
among this growing population of unaffected women with
BRCA mutations are needed. We propose that performing a
clinical trial to examine the use of screening breast MRI or
mammogram among high-risk women of appropriate age
during breastfeeding is both safe and warranted.

Funding This paper received no funding.
Compliance with ethical standards
Conflict of interest The authors declare that they have no conflict of
interest. All authors have submitted signed documentation to this
effect.
Ethical approval This article does not contain any studies with
human participants or animals performed by any of the authors.
Informed consent No human subjects were involved in the production of this work and thus no Informed consent required.

References
1. Middleton LP, Amin M, Gwyn K, Theriault R, Sahin A (2003)
Breast carcinoma in pregnant women: assessment of clinicopathologic and immunohistochemical features. Cancer
98(5):1055–1060
2. Navrozoglou I, Vrekoussis T, Kontostolis E, Dousias V, Zervoudis S, Stathopoulos EN, Zoras O, Paraskevaidis E (2008)
Breast cancer during pregnancy: a mini-review. Eur J Surg Oncol
34(8):837–843. doi:10.1016/j.ejso.2008.01.029
3. Woo JC, Yu T, Hurd TC (2003) Breast cancer in pregnancy: a
literature review. Arch Surg 138(1):91–98
4. Keyser Erin A, Maj Barton C, Staat COL Merlin, Fausett B,
Andrea Lt Col, Shields D (2012) Pregnancy-Associated Breast
Cancer MCRev. Obstet Gynecol 5(2):94–99

229
5. 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. doi:10.1097/
AOG.0b013e3181b19154
6. Hou Ningqi, Ogundiran Temidayo, Ojengbede Oladosu, Morhason-Bello Imran, Zheng Yonglan, Fackenthal James, Adebamowo Clement, Anetor Imaria, Akinleye Stella, Olopade
Olufunmilayo I, Huo Dezheng (2013) Risk factors for pregnancyassociated breast cancer: a report from the Nigerian breast cancer
study. Ann Epidemiol 23(9):551–557
7. National Cancer Institute. Genetics of breast and gynecologic
cancers-for health professionals (PDQ). (2015) http://www.can
cer.gov/types/breast/hp/breast-ovarian-genetics-pdq#section/_88
8. Lubinski J, Huzarski T, Byrski T, Lynch HT, Cybulski C, Ghadirian P, Stawicka M, Foulkes WD, Kilar E, Kim-Sing C, Neuhausen SL, Armel S, Gilchrist D, Sweet K, Gronwald J, Eisen A,
Gorski B, Sun P (2012) Narod SA (2012) The risk of breast
cancer in women with a BRCA1 mutation from North America
and Poland. Int J Cancer 131(1):229–234. doi:10.1002/ijc.26369
9. Brose Marcia S, Rebbeck Timothy R, Calzone Kathleen A,
Stopfer Jill E, Nathanson Katherine L, Weber Barbara L (2002)
Cancer risk estimates for BRCA1 mutation carriers identified in a
risk evaluation program. J Natl Cancer Inst 94(18):1365–1372
10. NCCN guidelines for detection, prevention, and risk reduction:
genetic/familial high-risk assessment breast and ovarian. http://
www.nccn.org/professionals/physician_gls/pdf/genetics_screen
ing.pdf
11. Warner E, Messersmith H, Causer P, Eisen A, Shumak R, Plewes
D (2008) Systematic review: using magnetic resonance imaging
to screen women at high risk for breast cancer. Ann Intern Med
148(9):671–679
12. Pisano ED, Hendrick RE, Yaffe MJ, Baum JK, Acharyya S,
Cormack JB, Hanna LA, Conant EF, Fajardo LL, Bassett LW,
D’Orsi CJ, Jong RA, Rebner M, Tosteson AN, Gatsonis CA
(2008) DMIST Investigators Group. Diagnostic accuracy of
digital versus film mammography: exploratory analysis of
selected population subgroups in DMIST. Radiology
46(2):376–383. doi:10.1148/radiol.2461070200
13. Mathews TJ, Hamilton BE. Mean age of mothers is on the rise:
United States, 2000–2014. NCHS data brief, no 232. Hyattsville,
MD: National Center for Health Statistics. 2016
14. Lehman CD, Isaacs C, Schnall MD, Pisano ED, Ascher SM,
Weatherall PT, Bluemke DA, Bowen DJ, Marcom PK, Armstrong DK, Domchek SM, Tomlinson G, Skates SJ, Gatsonis C.
(2007). Cancer yield of mammography, MR, and US in high-risk
women: prospective multi-institution breast cancer screening
Radiology. 244(2):381–388. http://www.ncbi.nlm.nih.gov/pub
med?term=17641362
15. Riedl CC, Luft N, Bernhart C, Weber M, Bernathova M, Tea MK,
Rudas M, Singer CF, Helbich TH. (2015) Triple-modality
screening trial for familial breast cancer underlines the importance of magnetic resonance imaging and questions the role of
mammography and ultrasound regardless of patient mutation
status, age, and breast density. J Clin Oncol. 1:33(10):1128-35.
doi: 10.1200/JCO.2014.56.8626. http://www.ncbi.nlm.nih.gov/
pubmed?term=25713430
16. Talele AC, Slanetz PJ, Edmister WB, Yeh ED, Kopans DB
(2003) The lactating breast: MRI findings and literature review.
Breast J. 9(3):237–240
17. Kriege M, Brekelmans CT, Boetes C, Besnard PE, Zonderland
HM, Obdeijn IM, Manoliu RA, Kok T, Peterse H, Tilanus-Linthorst MM, Muller SH, Meijer S, Oosterwijk JC, Beex LV,
Tollenaar RA, de Koning HJ, Rutgers EJ, Klijn JG (2004) Efficacy of MRI and mammography for breast-cancer screening in
women with a familial or genetic predisposition; magnetic

123

230

18.

19.
20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

Breast Cancer Res Treat (2017) 162:225–230
resonance imaging screening study group. N Engl J Med
351(5):427–437
Vashi R, Hooley R, Butler R, Geisel J, Philpotts L. (2013) Breast
imaging of the pregnant and lactating patient: imaging modalities
and pregnancy-associated breast cancer. Am J Roentgenol.
200(2):321–328. doi: 10.2214/AJR.12.9814. http://www.ncbi.
nlm.nih.gov/pubmed/?term=23345353
Woo JC, Yu T, Hurd TC (2003) Breast cancer in pregnancy: a
literature review. Arch Surg 138(1):91–98
Hagen AI, Kvistad KA, Maehle L, Holmen MM, Aase H, Styr B,
Vabø A, Apold J, Skaane P, Møller P (2007) Sensitivity of MRI
versus conventional screening in the diagnosis of BRCA-associated breast cancer in a national prospective series. Breast
16(4):367–374
Kuhl CK, Schrading S, Leutner CC, Morakkabati-Spitz N,
Wardelmann E, Fimmers R, Kuhn W, Schild HH (2005) Mammography, breast ultrasound, and magnetic resonance imaging
for surveillance of women at high familial risk for breast cancer.
J Clin Oncol 23(33):8469–8476
Hendrick RE, Helvie MA (2011) Preventive Services Task Force
screening mammography recommendations: science ignored. Am
J Roentgenol 196(2):W112–W116. doi:10.2214/AJR.10.5609
Pijpe A, Andrieu N, Easton DF, Kesminiene A, Cardis E, Noguès
C, Gauthier-Villars M, Lasset C, Fricker JP, Peock S, Frost D,
Evans DG, Eeles RA, Paterson J, Manders P, van Asperen CJ,
Ausems MG, Meijers-Heijboer H, Thierry-Chef I, Hauptmann M,
Goldgar D, Rookus MA, van Leeuwen (2012) Exposure to
diagnostic radiation and risk of breast cancer among carriers of
BRCA1/2 mutations: retrospective cohort study (GENE-RADRISK). BMJ 345:e5660. doi:10.1136/bmj.e5660
Robbins J, Jeffries D, Roubidoux M, Helvie M (2011) Accuracy
of diagnostic mammography and breast ultrasound during pregnancy and lactation. Am J Roentgenol 196(3):716–722. doi:10.
2214/AJR.09.3662
Robbins J, Jeffries D, Roubidoux M, Helvie M (2011) Accuracy
of diagnostic mammography and breast ultrasound during pregnancy and lactation. AJR 196:716–722
http://www.esur.org/guidelines/
Okuda Y, Sagami F, Tirone P, Morisetti A, Bussi S, Masters RE
(1999) Reproductive and developmental toxicity study of
gadobenate dimeglumine formulation (E7155) (3)–Study of
embryo-fetal toxicity in rabbits by intravenous administration.
J Toxicol Sci 24(1):79–87
Wang PI, Chong ST, Kielar AZ, Kelly AM, Knoepp UD, Mazza
MB, Goodsitt MM (2012) Imaging of pregnant and lactating
patients: part 1, evidence-based review and recommendations.
Am J Roentgenol 198(4):778–784. doi:10.2214/AJR.11.7405
Kubik-Huch RA, Gottstein-Aalame NM, Frenzel T, Seifert B,
Puchert E, Wittek S, Debatin JF (2000) Gadopentetate dimeglumine excretion into human breast milk during lactation. Radiology 216(2):555–558

123

30. Chen MM, Coakley FV, Kaimal A, Laros RK Jr (2008) Guidelines for computed tomography and magnetic resonance imaging
use during pregnancy and lactation. Obstet Gynecol 112(2 Pt
1):333–340. doi:10.1097/AOG.0b013e318180a505
31. Kubik-Huch RA, Gottstein-Aalame NM, Frenzel T, Seifert B,
Puchert E, Wittek S, Debatin JF (2000) Gadopentetate dimeglumine excretion into human breast milk during lactation. Radiology 216(2):555–558
32. Rofsky NM, Weinreb JC, Litt AW (1993) Quantitative analysis
of gadopentetate dimeglumine excreted in breast milk. J Magn
Reson Imaging 3:131–132
33. ACR Committee on Drugs and Contrast Media (2015) Version
10.1 http://www.acr.org/quality-safety/resources/contrast-manual
34. Boivin G, de Korvin B, Marion J, Duvauferrier R (2012) Is a
breast MRI possible and indicated in case of suspicion of breast
cancer during lactation? Diagn Interv Imaging 93(11):823–827.
doi:10.1016/j.diii.2012.05.013
35. Espinosa LA, Daniel BL, Vidarsson L, Zakhour M, Ikeda DM,
Herfkens RJ (2005) The lactating breast: contrast-enhanced MR
imaging of normal tissue and cancer. Radiology 237(2):429–436
36. Ahn BY, Kim HH, Moon WK et al (2003) Pregnancy and lactation-associated breast cancer: mammographic and sonographic
findings. J Ultrasound Med 22:491–497
37. Berg Wendie A, Bandos Andriy I, Mendelson Ellen B, Daniel
Lehrer, Jong Roberta A, Pisano Etta D (2015) Ultrasound as the
primary screening test for breast cancer: analysis From ACRIN
6666. J Natl Cancer Inst 108(4):dvj367
38. Tung N, Domchek SM, Stadler Z, Nathanson KL, Couch F,
Garber JE, Offit K, Robson ME (2016) Counselling framework
for moderate-penetrance cancer-susceptibility mutations. Nat Rev
Clin Oncol 13(9):581–588. doi:10.1038/nrclinonc.2016.90
39. Antoniou AC, Casadei S, Heikkinen T et al (2014) Breast-cancer
risk in families with mutations in PALB2. N Engl J Med
371(6):497–506. doi:10.1056/NEJMoa1400382
40. Villani A, Tabori U, Schiffman J et al (2011) Biochemical and
imaging surveillance in germline TP53 mutation carriers with LiFraumeni syndrome: a prospective observational study. Lancet
Oncol 12(6):559–567. doi:10.1016/S1470-2045(11)70119-X
41. Cybulski C, Wokołorczyk D, Jakubowska A et al (2011) Risk of
breast cancer in women with a CHEK2 mutation with and
without a family history of breast cancer. J Clin Oncol
29(28):3747–3752. doi:10.1200/JCO.2010.34.0778
42. Helewa M (2002) Breast cancer pregnancy and breastfeeding.
J Obstet Gynaecol Can 24(2):164–180
43. Pan H, He Z, Ling L, Ding Q, Chen L, Zha X, Zhou W, Liu X,
Wang S (2014) Reproductive factors and breast cancer risk
among BRCA1 or BRCA2 mutation carriers: results from ten
studies. Cancer Epidemiol 38(1):1–8. doi:10.1016/j.canep.2013.
11.004

