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ABSTRACT

Background. Supporting breastfeeding is a global health

priority, yet few clinical guidelines exist to guide surgical

oncologists in managing lactation during or after breast

cancer treatment.

Methods. The literature was reviewed to identify evi-

dence-based strategies for managing lactation during

multidisciplinary breast cancer treatment or among breast

cancer survivors.

Results. The majority of the evidence is from observa-

tional studies, with some higher levels of evidence,

including systematic reviews and meta-analyses. Several

significant gaps in knowledge remain.

Conclusions. This review serves as a comprehensive

resource of evidence-based recommendations for managing

lactation in breast cancer survivors and breastfeeding

women with a new breast cancer diagnosis.

The relationship between breastfeeding and breast can-

cer is multifaceted. While a longer duration of

breastfeeding is associated with multiple health benefits

and a decreased lifetime risk of breast cancer, postpartum

women are at risk for particularly aggressive breast can-

cers.1–3 A growing body of evidence supports several

hypotheses regarding the biologic mechanisms underlying

these observations.4 However, a paucity of literature exists

to guide clinical management of lactation during or after

breast cancer treatment. As national and global health

initiatives improve breastfeeding rates, surgeons increas-

ingly will be faced with managing the intersection of

lactation and breast cancer treatment.5,6

This review will delineate evidence-based recommen-

dations for managing lactation in breast cancer survivors

and breastfeeding women with a new breast cancer diag-

nosis. Nearly all of the available evidence comes from

observational studies (Table 1), and there are multiple gaps

in knowledge. Recommendations should be utilized in the

context of shared decision-making with the patient,

including discussion of the limitations of the available data.

SUPPORTING LACTATION IN BREAST CANCER

SURVIVORS

Due to the anatomic and physiologic impacts of their

cancer treatment on lactation, breast cancer survivors who

wish to breastfeed may face challenges. Support is essen-

tial, because the inability to produce sufficient breastmilk

has been shown to be independently associated with sig-

nificant long-term psychological stress among women

diagnosed with breast cancer and other cancers during

pregnancy.7 Survivors may benefit from an antepartum

visit with an International Board Certified Lactation Con-

sultant (IBCLC) and/or breastfeeding medicine physician,

as well as close postpartum support.8,9 These women may

derive significant psychosocial value from tailored peer-to-

peer support groups; if none exist, they may find some

overlap between their unique challenges and those of

women who are breastfeeding after breast reduction

surgery.10

Although multiple survey studies report that many

breast cancer survivors fear that breastfeeding increases the

risk of recurrence or a new primary breast cancer, no

evidence exists to support this concern.11–14
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History of Mastectomy

Due to removal of the breast parenchyma, lactation

would not be expected on the affected breast after a simple,

skin-sparing, or nipple-sparing mastectomy. Women who

have undergone mastectomy should be counseled that

unilateral breastfeeding can produce milk sufficient for not

only a singleton infant, but also for twins.15 Patients may

benefit from antenatal hand expression as well as post-feed

milk expression (hand expression and/or pumping) to

upregulate milk production in the early postpartum per-

iod.16 To prevent nipple trauma that could impact lactation

on a single breast, optimal infant latch should be achieved.

History of Breast Conservation Therapy (BCT):

Lumpectomy and Radiation Therapy

A systematic review concluded that patients who have

undergone breast conservation therapy (BCT) may later

produce milk, but volume is significantly reduced in the

majority of cases.17 Both surgery and radiation can impact

lactational ability (Fig. 1).

Surgery involving the subareolar region may sever ter-

minal ducts and obstruct outflow of breastmilk.

Additionally, periareolar incisions may impact nipple

innervation and potentially affect the milk ejection reflex

and regulation of milk production.18 Rodent models have

TABLE 1 Major sources, with levels of evidence, for key recommendations for lactation management strategies during multidisciplinary breast

cancer care

Recommendation Source Level of evidence

General considerations Breastfeeding is protective against breast cancer,

independent of the effect of parity on cancer risk

Collaborative Group on

Hormonal Factors in

Breast Cancer2

Meta-analysis

Imaging Ultrasound should be the first-line imaging modality for

lactating women with a breast mass

diFlorio-Alexander et al.34 Expert consensus

guidelines

Lactation-related changes on breast magnetic resonance

imaging do not preclude detection of breast lesions

Espinosa et al.39

Oh et al.40

Retrospective

descriptive studies

Breast conservation therapy

(BCT): lumpectomy and

radiation

BCT impairs future lactational ability in most women,

via both anatomic and histopathologic effects

Leal et al.17 Systematic review

Chemotherapy Breastfeeding is contraindicated during chemotherapy,

with rare exceptions

Pistilli et al.44 Narrative review

It may be possible to safely breastfeed between cycles in

some cases

Anderson49 Expert opinion

Breastfeeding success may be diminished in women who

receive chemotherapy during pregnancy

Stopenski et al.24 Prospective cohort

study

Endocrine therapy Aromatase inhibitors are contraindicated in lactation The InfantRisk Center25 Expert opinion

It may be safe to defer or interrupt tamoxifen therapy to

complete breastfeeding

Cardoso et al.28

POSITIVE trial

(NCT02308085) https://c

linicaltrials.gov

Expert consensus

guidelines

Randomized clinical

trial (in recruitment

phase)

Radiation therapy (RT) Breastfeeding during RT may increase the risk of skin

toxicity

Shachar et al.64 Expert opinion

Irradiated breasts may produce milk with altered

biochemical composition

Green22

Guix et al.23

Case report

Case report

Surgery A full milk supply can be achieved and maintained by a

single breast

Michaels and Wanner15 Observation

Lactating women undergoing breast surgery appear to

have similar risks of wound complications as non-

lactating women

Dominici et al.52 Retrospective cohort

study

An interruption in breastfeeding of up to 24 h may be

advisable after dual-tracer sentinel lymph node biopsy

The InfantRisk Center25

Giammarile et al.57

Expert opinion

Expert consensus

guidelines

Patients may benefit from perioperative lactation support

programs

Rieth et al.62 Retrospective

descriptive study

Breastfeeding and Breast Cancer 3033

https://clinicaltrials.gov
https://clinicaltrials.gov


demonstrated recanalization of ducts, and anecdotal evi-

dence supports both recanalization and reinnervation after

nononcologic breast surgery; however, the effects of radi-

ation likely prevent these phenomena after BCT.19

Histopathologically, irradiated breasts exhibit epithelial

atypia in the terminal ductal-lobular units, atypical stromal

fibroblasts, fibrosis with or without atrophy, and non-

specific vascular changes; these changes appear to be

irreversible.20,21 Decreased nipple-areolar complex (NAC)

elasticity and radiation-induced changes in milk composi-

tion, including increased sodium levels, may result in a

strong infantile preference for the unaffected breast.17,22,23

Chemotherapy

Chemotherapy may cause irreversible histopathologic

changes that impact breastmilk production.21 An observa-

tional cohort study reported that among women treated for

cancer during pregnancy, those who received chemother-

apy reported a significantly lower rate of breastfeeding

success (34% vs. 91%), particularly if they underwent more

cycles (5.5 vs. 3.8).24 Women who initiated chemotherapy

earlier in gestation reported significantly more difficulties,

potentially suggesting a negative effect on lactogenesis I in

this population.

Endocrine Therapy

After the completion of other therapies, breast cancer

patients with hormone receptor-positive tumors will be

prescribed endocrine therapy. Aromatase inhibitors (AIs)

are contraindicated in lactation, because they readily

transfer into breastmilk and can suppress estrogen forma-

tion in the infant.25 There are no data on the transfer of

tamoxifen into breastmilk. Tamoxifen is known to inhibit

lactogenesis II, but its effects on established milk produc-

tion are unknown.26,27 The European Society of Breast

Cancer Specialists advises that tamoxifen therapy may be

interrupted for pregnancy and/or breastfeeding.28 Results

of the Pregnancy Outcome and Safety of Interrupting

Therapy for women with endocrine responsIVE breast

cancer (POSITIVE) trial will provide much-needed data on

this topic.29 This study seeks to enroll 500 women from age

18–42 years who have completed 18–30 months of endo-

crine therapy; it will allow for an interruption in therapy of

up to 2 years for pregnancy and/or breastfeeding. Prelim-

inary results for the primary outcome of breast cancer free

interval are anticipated in June 2020.

MANAGING LACTATION IN BREASTFEEDING

WOMEN WITH A NEW BREAST CANCER

DIAGNOSIS

Lactating women diagnosed with breast cancer will

require support whether they continue to breastfeed during

treatment or actively wean. Therefore, the multidisci-

plinary treatment team should include a lactation expert,

such as an IBCLC and/or a breastfeeding medicine physi-

cian. In many cases, the patient must wean earlier than she

and her child(ren) desire. Because undesired weaning can

significantly impact the mother’s mental health, psy-

chosocial support is essential.30 To minimize the risks of

plugged ducts and mastitis, women should taper the fre-

quency of breastfeeding and/or milk expression. They may

require herbal and/or pharmacologic interventions to pro-

mote weaning, such as sage, peppermint oil,

pseudoephedrine, or cabergoline.31

Radiologic Evaluation

Radiologic studies and interventions necessary at time

of diagnosis are not contraindicated with breastfeeding.

Milk fistula resulting from core-needle biopsy is rare and

described on a case-report level.32,33 The American Col-

lege of Radiology recommends ultrasonography as the

first-line diagnostic imaging modality in breastfeeding

women with a palpable mass, and digital breast tomosyn-

thesis is the preferred adjunct.34 Mammography (Fig. 2)

and breast magnetic resonance imaging (MRI) with intra-

venous gadolinium contrast (Fig. 3) are safe in

lactation.35,36 The sensitivity of mammography is

decreased due to increased parenchymal density of lactat-

ing breasts, which can be partially ameliorated by

breastfeeding or pumping immediately before the exam.37

On MRI, lactating breasts demonstrate increased back-

ground parenchymal enhancement due to physiologic

hypervascularity and diffusely increased T2 signal from

FIG. 1 Decreased lactational ability following breast conservation

therapy. A 28-year-old patient status postneoadjuvant chemotherapy

and breast conservation therapy for right breast triple-negative cancer

diagnosed 2 years prior. At 28 weeks of pregnancy, reduced breast

growth was noted on the affected side, consistent with decreased

lactational ability
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milk.38 Despite these limitations, multiple reports docu-

ment the diagnostic accuracy of MRI in the setting of

lactation.39,40

Nuclear medicine staging studies, such as bone

scintigraphy and positron emission tomography (PET),

utilize radioisotopes that are not excreted in breastmilk.

However, radioactivity of organs may require brief sepa-

ration of the mother and child; providers should consult

their local nuclear medicine department as well as refer to

International Commission on Radiological Protection

(ICRP) guidelines related to specific studies and iso-

topes.41,42 It should be noted that due to the hypermetabolic

nature of the lactating breast, additional areas of

enhancement demonstrated on PET may require further

workup and biopsy (Fig. 4). Computed tomography with

intravenous iodinated contrast is safe in lactation and does

not require interruption of breastfeeding.43

Chemotherapy

Because postpartum breast cancers demonstrate

increased virulence and propensity for metastatic spread

and may present at a locally advanced stage, many cases

will benefit from neoadjuvant chemotherapy.3

Breastfeeding while receiving cytotoxic chemotherapy

for breast cancer is contraindicated. A 2013 review details

the level of evidence for each of the major classes of

chemotherapeutic agents and describes a long half-life and

a high rate of transfer from plasma to breastmilk of several

agents commonly administered to breast cancer patients,

including doxorubicin and cisplatin.44 Carboplatin and

paclitaxel readily pass into breastmilk and are associated

with significant relative infant doses of these medica-

tions.45 Infantile neutropenia was demonstrated several

days after breastfeeding with maternal receipt of

cyclophosphamide.46,47 No human data exist on anti-HER2

targeted agents during lactation. Despite the likelihood that

a monoclonal antibody will have minimal excretion into

breastmilk, trastuzumab and pertuzumab are nearly always

administered in combination with other agents that are

FIG. 2 a Extremely dense lactating breast tissue may obscure

mammographic detection of a mass. Right mammogram of a

38-year-old patient with right breast cancer and deleterious BRCA

mutation diagnosed at 7 months postpartum. b Supplemental imaging

modalities may facilitate identification of postpartum breast cancers.

Breast magnetic resonance imaging of the same patient demonstrating

the right breast mass

FIG. 3 Lactating breasts have high background enhancement on

breast magnetic resonance imaging. Breast MRI obtained for extent of

disease in a patient with new diagnosis of left breast cancer in an

actively lactating breast. The patient had weaned on her right breast

due to recurrent mastitis, demonstrating the difference in background

enhancement of a lactating versus nonlactating breast

FIG. 4 Hypermetabolic activity from lactating breasts on positron

emission tomography (PET) may prompt additional evaluation. PET

CT performed on a lactating patient with a right breast cancer with

hypermetabolic activity in the left axillary tail, with biopsy showing

lactational change and resolution on follow-up surveillance imaging

Breastfeeding and Breast Cancer 3035



considered unsafe in lactation.25 As breast oncologic care

continues to evolve and new agents are introduced,

physicians may refer to the National Institute of Health’s

LactMed� database, a continually updated online resource

addressing the safety of pharmaceuticals in lactation.48

Patients who indicate interest in maintaining milk pro-

duction during chemotherapy via expressing and discarding

milk should be counseled about the risks of mastitis and

other complications in the setting of neutropenia and also

be advised that chemotherapy likely impairs lactation, as

discussed above. It may be possible for some women to

breastfeed safely between chemotherapy cycles; a waiting

period of five serum half-lives of the agent or metabolite

with the longest half-life is advised.49 However, this

practice may result in alterations of both the microbiome

and metabolome of breast milk.50

Surgery

General Considerations Theoretical risks exist regarding

increased wound complications in the lactating breast,

including bleeding related to hypervascular parenchyma,

wound infections due to the presence of microbes in

breastmilk, and milk fistulae. No data support additional

antibiotic prophylaxis above current practice; in fact, the

antimicrobial components of breastmilk may confer natural

protection against wound infections.51 A cohort study of

patients diagnosed with breast cancer during pregnancy

showed an overall wound complication rate of 9%,

consistent with rates observed in the general population

of breast cancer surgery patients.52 None of the patients

developed a milk fistula. Antepartum versus postpartum

surgical treatment and total versus partial mastectomy had

no impact on complication rates.

No consensus exists regarding optimal timing of surgery

following weaning. While post-lactational involution has

been well-studied in murine models, it is unknown whether

the same events occur similarly in humans. Although many

women report minimal milk production and high levels of

epithelial apoptosis are observed 6 weeks after weaning,

limited evidence suggests that human mammary involution

is not complete until 12–18 months after the cessation of

lactation.53 Overall, the weaning process should not delay

oncologic surgery.

Breast Surgery Some women diagnosed with breast

cancer during lactation will require a mastectomy.

Women who present with early-stage disease and some

who demonstrate excellent clinical response to neoadjuvant

chemotherapy may be candidates for breast conservation

therapy (BCT). Regardless of surgical approach, unilateral

breastfeeding from the unaffected breast will not interfere

with breast cancer treatment. Women should be counseled

to increase the frequency and duration of breastfeeding on

the unaffected breast while gradually decreasing the

frequency and completeness of emptying the affected

breast. If the patient desires uninterrupted breastfeeding or

milk expression on the affected breast, we recommend

avoiding a periareolar incision and ensuring the incision

will not contact breast pump flanges.

Axillary Staging There are no data on the transfer of vital

dyes such as methylene blue or isosulfan blue into

breastmilk, nor on their oral bioavailability. Some

sources advise a 24-h interruption in breastfeeding after

intravenous administration of methylene blue, but no

recommendations for intradermal administration exist.25

Although specific doses of intravenous methylene blue can

be safely administered to infants to treat acquired

methemoglobinemia, several case reports document life-

threatening neonatal toxicity from enteral

administration.54–56 While no data on the lactational

safety of intradermal injection of radiotracers for sentinel

lymph node biopsy exist, some societies suggest a 24-h

interruption in breastfeeding.57 A 0–12 h interruption is

recommended after intravenous administration of

technetium-99-labeled radiotracers, supporting that a 24-h

interruption after intradermal injection fits well within the

recommended safety range for this clinical scenario.42

Contralateral Surgery The National Comprehensive

Cancer Network (NCCN) recommends contralateral

prophylactic mastectomy (CPM) versus high risk imaging

surveillance for some high-risk patients, including those

with deleterious BRCA mutations.58 Therefore, an

aggressive surveillance regimen may be utilized and risk-

reduction surgery delayed until after child bearing is

complete. Patients without an oncologic indication for risk-

reduction surgery who express interest in a CPM should be

counseled that while CPM decreases the incidence of

breast cancer, a Cochrane review concluded that

insufficient evidence exists to determine whether this

translates to a survival benefit.59 In addition, CPM has

been well documented to increase the risk of surgical

complications.60,61 Furthermore, the relative reduction in

breast cancer risk conferred by prophylactic mastectomy

versus breastfeeding and chemoprevention remains

unknown.

Perioperative Considerations Women undergoing breast

cancer surgery will derive significant benefit from a

comprehensive perioperative lactation support program.62

The Academy of Breastfeeding Medicine outlines

recommendations for individualized perioperative

lactation plans.63 Appropriate medication selection,

judicious fluid management, and allowing for direct
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breastfeeding or milk expression in the recovery room can

minimize the risk of mastitis and unnecessary interruptions

in lactation.

Adjuvant Therapy: Radiation and Endocrine Therapy

Women electing to continue lactation and who require

adjuvant radiation therapy likely will be breastfeeding

solely from the unaffected breast at the time of radiother-

apy. As external beam radiation fields are restricted to the

affected breast and/or ipsilateral regional lymph node

basins, no impact on the contralateral lactating breast is

expected. Patients who desire to breastfeed from the

affected breast during radiation therapy should be advised

that radiation-induced histopathologic changes described

above may increase the risk of complications, such as

mastitis, which may interrupt and delay completion of

therapy.20,21 One consensus panel advises against breast-

feeding during radiation treatment due to concerns about

increased risk of skin toxicity.64 Additionally, skin and

NAC changes may make infant latch and milk expression

difficult, potentially predisposing the mother to skin

breakdown and infection. While a postpartum breast cancer

patient likely would not qualify for partial breast radiation,

we recommend careful multidisciplinary management if

this approach is considered and continued breastfeeding is

desired.

If a woman has continued lactation throughout breast

cancer treatment and meets criteria for adjuvant endocrine

therapy, a nuanced discussion with the patient is indicated,

with consideration given to issues discussed above.

CONCLUSIONS

Lactating women diagnosed with breast cancer and

breast cancer survivors who wish to breastfeed constitute a

vulnerable population that requires unique clinical support

from oncologic multidisciplinary teams as well as lactation

experts. While the body of literature on the intersection of

breastfeeding and breast cancer has grown in recent years,

much remains to be determined. In addition to the areas

that warrant additional study described above, a particu-

larly intriguing topic is the suitability of breastmilk as a

biospecimen. Because epithelial cells, including those from

the terminal lobular-ductal unit, are shed into breastmilk,

analysis of breastmilk may facilitate an improved under-

standing of carcinogenesis.65 As suggested by Murphy and

colleagues, a breastmilk repository would enable more

robust research that may translate into meaningful clinical

impacts.
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19. Karacalar A, Orak I, Aydýn O, Yaln T. Spontaneous recanal-

ization of the divided lactiferous duct in the rat. Ann Plast Surg.

2005;54(2):196–200.

20. Schnitt SJ, Connolly JL, Harris JR, Cohen RB. Radiation-induced

changes in the breast. Hum Pathol. 1984;15(6):545–50.

Breastfeeding and Breast Cancer 3037

https://www.ncbi.nlm.nih.gov/books/NBK52681/
https://www.ncbi.nlm.nih.gov/books/NBK52681/
https://iblce.org/about-iblce/history/
https://www.bfmed.org/about
https://www.bfmed.org/about
http://www.bfar.org
http://www.bfar.org


21. Moore GH, Schiller JE, Moore GK. Radiation-induced

histopathologic changes of the breast: the effects of time. Am J

Surg Pathol. 2004;28(1):47–53.

22. Green JP. Post-irradiation lactation. Int J Radiat Oncol Biol Phys.

1989;17(1):244.

23. Guix B, Tello JI, Finestres F, Palma C, Martı́nez A. Lactation

after conservative treatment for breast cancer. Int J Radiat Oncol

Biol Phys. 2000;46(2):515–6.

24. Stopenski S, Aslam A, Zhang X, Cardonick E. After

chemotherapy treatment for maternal cancer during pregnancy: is

breastfeeding possible? Breastfeed Med. 2017;12:91–7.

25. The InfantRisk Center. Texas Tech University Health Sciences

Center. 2019. https://www.infantrisk.com/. Accessed 4 Jan 2019.

26. Shaaban MM. Suppression of lactation by an antiestrogen,

tamoxifen. Eur J Obstet Gynecol Reprod Biol. 1975;4(5):167–9.

27. Masala A, Delitala G, Lo Dico G, Stoppelli I, Alagna S, Devilla

L. Inhibition of lactation and inhibition of prolactin release after

mechanical breast stimulation in puerperal women given

tamoxifen or placebo. Br J Obstet Gynaecol. 1978;85(2):134–7.

28. Cardoso F, Loibl S, Pagani O, et al. The European Society of

Breast Cancer Specialists recommendations for the management

of young women with breast cancer. Eur J Cancer.

2012;48(18):3355–77.

29. Pagani O, Ruggeri M, Manunta S, et al. Pregnancy after breast

cancer: are young patients willing to participate in clinical stud-

ies? Breast. 2015;24(3):201–7.

30. Stuebe AM, Horton BJ, Chetwynd E, Watkins S, Grewen K,

Meltzer-Brody S. Prevalence and risk factors for early, undesired

weaning attributed to lactation dysfunction. J Womens Health

(Larchmt). 2014;23(5):404–12.

31. Eglash A. Treatment of maternal hypergalactia. Breastfeed Med.

2014;9(9):423–5.

32. Schackmuth EM, Harlow CL, Norton LW. Milk fistula: a com-

plication after core breast biopsy. AJR Am J Roentgenol.

1993;161(5):961–2.

33. Barker P. Milk fistula: an unusual complication of breast biopsy.

J R Coll Surg Edinb. 1988;33(2):106.

34. diFlorio-Alexander RM, Slanetz PJ, Moy L, et al. ACR appro-

priateness criteria. J Am Coll Radiol. 2018;15(11S):S263–75.

35. Hendrick RE. Radiation doses and cancer risks from breast

imaging studies. Radiology. 2010;257(1):246–53.

36. Vashi R, Hooley R, Butler R, Geisel J, Philpotts L. Breast

imaging of the pregnant and lactating patient: imaging modalities

and pregnancy-associated breast cancer. AJR Am J Roentgenol.

2013;200(2):321–8.

37. Sabate JM, Clotet M, Torrubia S, et al. Radiologic evaluation of

breast disorders related to pregnancy and lactation. Radiograph-

ics. 2007;27 Suppl 1:S101–24.

38. Vashi R, Hooley R, Butler R, Geisel J, Philpotts L. Breast

imaging of the pregnant and lactating patient: physiologic chan-

ges and common benign entities. AJR Am J Roentgenol.

2013;200(2):329–36.

39. Espinosa LA, Daniel BL, Vidarsson L, Zakhour M, Ikeda DM,

Herfkens RJ. The lactating breast: contrast-enhanced MR imag-

ing of normal tissue and cancer. Radiology. 2005;237(2):429-36.

40. Oh SW, Lim HS, Moon SM, et al. MR imaging characteristics of

breast cancer diagnosed during lactation. Br J Radiol.

2017;90(1078):20170203.

41. Leide-Svegborn S, Ahlgren L, Johansson L, Mattsson S. Excre-

tion of radionuclides in human breast milk after nuclear medicine

examinations. Biokinetic and dosimetric data and recommenda-

tions on breastfeeding interruption. Eur J Nucl Med Mol Imaging.

2016;43(5):808–21.

42. Mattsson S, Johansson L, Leide Svegborn S, et al. Radiation dose

to patients from radiopharmaceuticals: a compendium of current

information related to frequently used substances. Annex D.

Recommendations on breast-feeding interruptions. Ann ICRP.

2015;44(2 Suppl):319–21.

43. ACR Committee on Drugs and Contrast Media. American Col-

lege of Radiology Manual on Contrast Media, Version 10.3. 11th

edn. p 99–100. https://www.acr.org/-/media/ACR/Files/Clinical-

Resources/Contrast_Media.pdf. Accessed 4 Jan 2019.

44. Pistilli B, Bellettini G, Giovannetti E, et al. Chemotherapy, tar-

geted agents, antiemetics and growth-factors in human milk: how

should we counsel cancer patients about breastfeeding? Cancer

Treat Rev. 2013;39(3):207–11.

45. Griffin SJ, Milla M, Baker TE, Liu T, Wang H, Hale TW.

Transfer of carboplatin and paclitaxel into breast milk. J Hum

Lact. 2012;28(4):457–9.

46. Amato D, Niblett JS. Neutropenia from cyclophosphamide in

breast milk. Med J Aust. 1977;1(11):383–4.

47. Durodola JI. Administration of cyclophosphamide during late

pregnancy and early lactation: a case report. J Natl Med Assoc.

1979;71(2):165–6.

48. Drugs and Lactation Database (LactMed). U.S. National Library

of Medicine, National Institute of Health, Health & Human

Services. https://toxnet.nlm.nih.gov/newtoxnet/lactmed.htm.

Accessed 4 Jan 2019.

49. Anderson PO. Cancer Chemotherapy. Breastfeed Med.

2016;11:164–5.

50. Urbaniak C, McMillan A, Angelini M, et al. Effect of

chemotherapy on the microbiota and metabolome of human milk,

a case report. Microbiome. 2014;2:24.

51. Hill DR, Newburg DS. Clinical applications of bioactive milk

components. Nutr Rev. 2015;73(7):463–76.

52. Dominici LS, Kuerer HM, Babiera G, et al. Wound complications

from surgery in pregnancy-associated breast cancer (PABC).

Breast Dis. 2010;31(1):1–5.

53. Jindal S, Gao D, Bell P, et al. Postpartum breast involution

reveals regression of secretory lobules mediated by tissue-re-

modeling. Breast Cancer Res. 2014;16(2):R31.

54. Allegaert K, Miserez M, Lerut T, Naulaers G, Vanhole C, Dev-

lieger H. Methemoglobinemia and hemolysis after enteral

administration of methylene blue in a preterm infant: relevance

for pediatric surgeons. J Pediatr Surg. 2004;39(1):E35–7.

55. Sills MR, Zinkham WH. Methylene blue-induced Heinz body

hemolytic anemia. Arch Pediatr Adolesc Med.

1994;148(3):306–10.

56. Albert M, Lessin MS, Gilchrist BF. Methylene blue: dangerous

dye for neonates. J Pediatr Surg. 2003;38(8):1244–5.

57. Giammarile F, Alazraki N, Aarsvold JN, et al. The EANM and

SNMMI practice guideline for lymphoscintigraphy and sentinel

node localization in breast cancer. Eur J Nucl Med Mol Imaging.

2013;40(12):1932–47.

58. National Comprehensive Cancer Network. NCCN Clinical

Practice Guidelines in Oncology: genetic/familial high-risk

assessment: breast and ovarian, Version 2.2019. https://www.ncc

n.org/professionals/physician_gls/pdf/genetics_screening.pdf.

Accessed 19 Nov 2018.

59. Carbine NE, Lostumbo L, Wallace J, Ko H. Risk-reducing

mastectomy for the prevention of primary breast cancer.

Cochrane Database Syst Rev. 2018;4:CD002748.

60. Eck DL, Perdikis G, Rawal B, Bagaria S, McLaughlin SA.

Incremental risk associated with contralateral prophylactic mas-

tectomy and the effect on adjuvant therapy. Ann Surg Oncol.

2014;21(10):3297–303.

61. Silva AK, Lapin B, Yao KA, Song DH, Sisco M. The effect of

contralateral prophylactic mastectomy on perioperative compli-

cations in women undergoing immediate breast reconstruction: a

NSQIP analysis. Ann Surg Oncol. 2015;22(11):

3474–80.

3038 H. M. Johnson, K. B. Mitchell

https://www.infantrisk.com/
https://www.acr.org/-/media/ACR/Files/Clinical-Resources/Contrast_Media.pdf
https://www.acr.org/-/media/ACR/Files/Clinical-Resources/Contrast_Media.pdf
https://toxnet.nlm.nih.gov/newtoxnet/lactmed.htm
https://www.nccn.org/professionals/physician_gls/pdf/genetics_screening.pdf
https://www.nccn.org/professionals/physician_gls/pdf/genetics_screening.pdf


62. Rieth EF, Barnett KM, Simon JA. Implementation and organi-

zation of a perioperative lactation program: a descriptive study.

Breastfeed Med. 2018;13(2):97–105.

63. Reece-Stremtan S, Campos M, Kokajko L, Medicine AoB. ABM

clinical protocol #15: analgesia and anesthesia for the breast-

feeding mother, Revised 2017. Breastfeed Med. 2017;12(9):

500–6.

64. Shachar SS, Gallagher K, McGuire K, et al. Multidisciplinary

management of breast cancer during pregnancy. Oncologist.

2017;22(3):324–34.

65. Murphy J, Sherman ME, Browne EP, et al. Potential of breast-

milk analysis to inform early events in breast carcinogenesis:

rationale and considerations. Breast Cancer Res Treat.

2016;157(1):13–22.

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

Breastfeeding and Breast Cancer 3039


	Breastfeeding and Breast Cancer: Managing Lactation in Survivors and Women with a New Diagnosis
	Abstract
	Background
	Methods
	Results
	Conclusions

	Supporting Lactation in Breast Cancer Survivors
	History of Mastectomy
	History of Breast Conservation Therapy (BCT): Lumpectomy and Radiation Therapy
	Chemotherapy
	Endocrine Therapy

	Managing Lactation in Breastfeeding Women with a New Breast Cancer Diagnosis
	Radiologic Evaluation
	Chemotherapy
	Surgery
	General Considerations
	Breast Surgery
	Axillary Staging
	Contralateral Surgery
	Perioperative Considerations

	Adjuvant Therapy: Radiation and Endocrine Therapy

	Conclusions
	Acknowledgment
	References




