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Excretion of radiopharmaceuticals into breast milk poses a po-
tential risk to infants and clear recommendations regarding
interruption times are required. There are few data available
regarding the impact of '8F-FDG on this issue. With increasing
use of PET for oncologic imaging and its potential advantages
to nursing mothers because of its short physical half-life com-
pared with other commonly used tumor imaging agents such as
67Ga and 20'Tl, evaluation of the excretion pattern of this agent
in breast milk is important. Methods: We have evaluated the
uptake of FDG in the breasts in 7 women, 6 of whom were
lactating and 1 of whom was in early postpartum but had not
commenced breast-feeding. Milk samples were obtained from 4
of the lactating women, including serial samples from 1. Re-
sults: Significantly increased breast uptake was identified in all
lactating breasts but not in 1 breast consistently refused by the
nursing infant or in the woman who had not begun breast-
feeding after delivery of her child. No qualitative change or
semiquantitative estimate of radiotracer uptake in the breast
was seen after expression of breast milk. Decay-corrected ac-
tivity measurable in breast milk ranged from 5.54 to 19.3 Bqg/
mL/MBq injected. Using a standard model of breast-feeding,
the calculated maximum cumulative dose to the infant, 0.085
mSv with no interruption of breast-feeding, is well below the
recommended limit of 1 mSv. Conclusion: High uptake of FDG
in the lactating breast appears to be related to suckling. There
is, however, little secretion of activity into breast milk. Accord-
ingly, a higher radiation dose is received by the infant from close
contact with the breast than from ingestion of radioactive milk.
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of breast-feeding is generally recommended for several bi-
ologic half-lives of the radiotracer.

99T c-pertechnetate2] and*3Y (3) are widely recognized
to be avidly concentrated in the lactating breast. Increased
uptake of?°1T| (4) and®’Ga in the breast and secretion into
breast milk ) have also been reported. Although high
uptake ofl8F-FDG in the lactating breast has been reported
(6,7), little information is available on excretion of this
tracer into milk. Because of the increasing use of FDG PET
scanning in oncology and the potential for studies to be
performed in women who are currently breast-feeding, in-
formation regarding the uptake, retention, and secretion of
FDG in the lactating human breast is important when dis-
cussing radiation protection of their infants with nursing
mothers undergoing treatment.

We have reviewed our experience with FDG PET scan-
ning of women in the early postpartum period who were
referred for evaluation of known or suspected malignancy.

MATERIALS AND METHODS

Because of the short physical half-life &fF and the lower
administered activity of8F-FDG used at our institution compared
with other oncologic imaging agents includif§™Tc-sestamibi
(MIBI), 29771, and 6’Ga @8), we have recommended use of PET
scanning for oncologic evaluation of all women with young infants
whenever practical. From the time our facility became operational
in late 1996 we have studied 6 women who were breast-feeding
around the time they received FDG PET scanning and who pro-
vided an opportunity to study the biodistribution of FDG in the
lactating breast. Another woman was imaged early in the postpar-
tum period but had not commenced breast-feeding. The clinical
details and results of PET scanning for these patients are outlined
in Table 1.

The lactating breast concentrates a range of radiopharepg was synthesized using a commercially available system
maceuticals more intensely than in nonlactating breasts a@fE Mminilab; GE Medical Systems, Milwaukee, WI). Radiochem-
most normal tissued{3). High uptake of radiotracer in the ical purity is >98% for all batches cleared for patient use at our
breast represents a potential external radiation hazard to fdmlity.

nursing infant because of close physical contact with the After a period of fasting o&6 h, all patients were administered
breast. Furthermore, because of the potential for interrR—160 MBq FDG and then imadé h later on a dedicated PET
radiation hazard to the newborn infant from ingestion cicanner (PENN-PET 300H; UGM Medical Systems, Philadelphia,

radiopharmaceuticals excreted in the breast milk, cessato'?\)' This scanner operates in 3-d|men3|ona}| mode gnd requires
ower administered activities than conventional 2-dimensional

PET scanners9j. The doses administered to patients described in
this study were generally based on weight, but in 1 case the
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administered dose (50 MBq) was limited by availability because
the patient was added to the scanning list as an urgent investigation
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TABLE 1
Clinical and Imaging Details

Patient Pattern of
no. Clinical indication History breast uptake SUV
186 Melanoma restaging Resected right thigh melanoma and inguinal metastasis. Unilateral No attenuation

One-year-old infant, second breast-fed child. Both preferred to correction

feed from left breast.

353  Suspected sarcoma Two weeks post partum. Recent LUCS due to impacted labor. Diffuse bilateral No attenuation
staging and Large pelvic mass. correction
grading

761  Melanoma restaging Resected melanoma of the cheek. Diffuse bilateral R pre 4.15

L pre 4.98
R post 4.65
L post 4.96

782  Suspected sarcoma  Soft tissue mass above right patella suggestive of sarcoma. Diffuse bilateral R 5.24
staging and L 5.09
grading

1722  Sarcoma staging Presumed sarcoma of bone but diffuse bone marrow abnormality Diffuse bilateral R 3.51
and grading on PET suggested hematologic malignancy. Bone marrow L 2.56
biopsy confirmed NHL.
2579  SCC tongue Diffuse bilateral R 3.45
L 3.18
1420  NHL staging Two days post partum. Newly diagnosed mediastinal mass Not increased Not calculated

shown to be NHL. Did not begin breast-feeding.

pre = prior to expression of breast milk; post = after expression of breast milk; LUCS = lower uterine caesarean section; NHL =
non-Hodgkin’s lymphoma; SCC = squamous cell carcinoma; SUV = standardized uptake value.

before planned surgery the following day. All areas of known arorrected for decay to both the time of collection and to the time

suspected tumor were included in the imaging field. Emissiamf FDG administration. One patient provided serial samples at 45,
scans were acquired for 5 min per bed position. Transmissi@f, 195, and 210 min after FDG administration.

images of the thorax were obtained using3&s single-photon

source in 5 patients, and standardized uptake values (SUV) were

calculated for the breast tissue in the 4 patients with higher bregsl[-'SULTs

uptake than normal soft tissues. The transmission scan was Rattern of Breast Uptake

quired for 2 min per bed position. Generous regions of interest All but 1 of the 6 patients who were breast-feeding an

were drawn for the breast and the maximum SUV within thigyvfant in the days before PET scanning was performed had
region was recorded. Images were processed with iterative recoiffuse and symmetric uptake in the breasts (Fig. 1). One

struction using the ordered subset estimation maximization methB tient had unilateral uptake in the left breast (Fig. 2). The

(10). Breast-to-background ratios were calculated using a region of .. . .
interest in the superior mediastinum patient was subsequently questioned regarding her breast-

Breast milk was obtained from 4 of the patients who wer_feeecjmg routine. She reported that Tor many months her
willing to express samples for measurement. These samples wiif@nt had refused to feed from the right breast and conse-
measured in a well counter. The amount of activity and the volunsiblently she effectively only fed from the left breast. One
of the sample were recorded. The activity per milliliter of breagdatient with newly diagnosed lymphoma had not begun
milk was corrected for the activity administered to the patient arlafeast-feeding after delivery of her ahi2 d earlier. She had
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FIGURE 1. FDG PET scan of patient
2579 acquired 65 min after administration
of 60 MBq radiotracer demonstrates dif-
fusely increased activity in both breasts.
Representative transaxial (A), sagittal (B),
and coronal (C) planes through right breast
are shown. The images were processed
with measured attenuation correction.
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FIGURE 2. FDG PET scanning on patient
186 was performed 50 min after intrave-
nous administration of 100 MBq radio-
tracer. Representative images of the thorax
without attenuation correction show dif-
fuse and intense uptake of activity in left
breast comparable to cardiac uptake but
little uptake in right breast. The patient re-
ported that her infant had refused to feed |, P — oeg-334
from right breast.

not received any medication to suppress lactation and dedimaging was performed before and after expression of
scribed tender breast engorgement at the time of PET scamlk from 1 breast in 2 patients. Qualitatively, and based on

ning. Radiotracer uptake was not significantly increased lmeast-to-background activity ratios, no change in breast
her breasts (Fig. 3). activity was demonstrable after expression of breast milk. A
Excretion of FDG into Breast Milk ZQO-mL sample of breast milk plgced in the PET field view
. : . with the breasts could not be visualized. In 1 case SUV

The collection of milk samples was constrained by the :

. . . alculations were performed for each breast before and after

circumstances under which these studies were performed_Ifn . . o

- - . expression of breast milk. There was no significant change

a busy clinical PET facility. However, breast milk samples

were provided by 4 patients. One patient provided seria) SUV in either breast on this evaluation (Table 1).
P yap ) P X In 1 patient use of a personal dosimeter (Berthold UMO-

samples between 45 min and 3.5 h after administration o . :
FDG. Correcting for decay from the time of FDG adminisl—‘lg1236 dose rate probe) applied to the skin over each

tration and for the activity administered to the patient, t preast y'e'd?d average dose _ra_tes o_f 59 ani$2h at the

: o LT : .5 h after intravenous administration of 160 MBq FDG
maximum specific activity in breast milk was 19 Bg/mL ompared with 7QuSv/h recorded over the lower abdomen
MBq administered. This was recorded for the sample of2MP '

tained at 3 h. The single samples from the other 3 patients

had lower decay-corrected specific activity than this (19'30'JSSION

Bg/mL/MBqg administered on a sample obtaineé®a and Lactation is under the control of pituitary and adrenal
5 Bg/mL/MBg administered obtained at 1.5 h after admirhormones, particularly prolactin. The “let-down” phenom-
istration, respectively) but were comparable with the decagnon is a bilateral sensorineural reflex stimulated by suck-
corrected results obtained at similar time points in theng and mediated by oxytocin. Although bilateral breast
patient with serial samples. Because of the short physiegitake would be generally expected in breast-feeding
half-life of 18F, the absolute specific activity in the late milkwomen, 1 of our cases shows that protracted use of only 1
samples was substantially less than these decay-corrediezhst for nursing can lead to loss or reduction of metabolic
values. The highest measured value at the time of thptake of FDG in the unused breast. The lack of breast
sample was expressed was 9.8 Bg/mL/MBg administeragbtake in the woman who had not begun breast-feeding and
This was recorded for a sample obtained at 1 h. Onlyvtho had not received medication to reduce prolactin secre-
sample was obtained at 3 h. The measured specific activityn also suggests that suckling rather than prolactin is an
at this time was 5.6 Bg/mL/MBq administered. important stimulus for FDG uptake in the breast.

T ANT _HERD

FIGURE 3. FDG PET scan of patient
1420, 2 d after delivery of her child but 3 RIGHT
before breast-feeding commenced. No y
medications had been given to suppress
lactation. No increase in uptake is noted in
breasts but intense uptake in mediastinal
lymphoma is shown on these images ac-
quired 70 min after 110 MBq radiotracer
and processed with measured attenuation
correction.
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Asymmetric uptake oft3) appears to be common inistered) the estimated cumulative dose to the infant was
lactating women; it was present in 60% of women in onealculated to be approximately 0.085 mSv, well below the 1
recent study in which women had ceased nursing not longSv recommended for cessation of breast-feedingThe
before receiving radioactive iodine therapy for thyroid calmdministered activity routinely used with dedicated, 3-
cinoma @). In 3 of 20 patients (15%), unilateral breastlimensional sodium-iodide detector PET scanners is around
uptake was noted that was unrelated to prior mastectoniy0—150 MBq. This usage is substantially less than that
However, 1 of the patients had had an episode of mastitis ganerally used for conventional bismuth germanate PET
the side with low uptake. Earlier studieklj also reported scanners operating in 2-dimensional mode, for which ad-
asymmetric radioactive iodine uptake, which the authorsinistered activities are generally 300-500 MBg. Despite
ascribed to infant preference of selective breast-feeditigese differences, there is still a significant safety margin in
from 1 side as described by 1 of our patients. these calculations allowing the recommendations to be ap-

Four patterns of breast uptake'®fl have been described plied irrespective of the imaging device used.
for the recently lactating breast: full, focal, crescent, and Based on the scan appearances we suspect that the high
irregular @). The “full” pattern, similar to that observed inuptake and retention of FDG in the breast even after ex-
our patients, appears to be the most common and wagssion of breast milk suggests intracellular trapping of the
observed in 20 of 38 breasts (53%). The “crescent” patteradiotracer in active glandular tissue. Consequently, the
has been suggested to reflect, possibly, recent emptyingooéast itself is likely to pose a direct and significant source
milk. The lack of change in the absolute activity or thef radiation exposure to the nursing infant. Confirmation of
distribution of radiotracer after expression of milk wouldhis potential hazard would require detailed assessment of
independently suggest low excretion of FDG, which igdiation doses using thermoluminescent dosimeters on the
supported by the low activity measured in expressed milknother’s chest and abdomen. This approach was not feasi-
This was documented in all 4 cases where the patient wale in these cases but, in 1 case, use of a personal dosimeter
able to express a milk sample. Given the metabolically inexpplied to the skin suggested that the dose received over the
nature of phosphorylated FDG which leads to intracelluldreasts was similar to that recorded over the lower abdomen
trapping of this agent, low excretion into milk is not unexat 2.5 h after FDG administration, presumably primarily
pected. It is possible that the measured activity in the mifkom urinary activity within the bladder, the major route of
is related to the cellular elements of breast milk, particularlyhysiologic excretion of FDG.
lymphocytes. Further characterization of the chemical form The pattern of uptake and low excretion of FDG into
and partition component of the activity in milk requiresdreast milk mirrors that of MIBI. In a study of 11 different
additional study. 99T c-labeled radiopharmaceutica®),(MIBI had the low

Experimental studies in rats have revealed that theredst effective dose from the breast milk (0.08 mSv) but the
increased expression of the insulin-independent glucdsighest close-contact dose (1.40 mSv) of the agents evalu-
transporter, GLUT-1, and absence of the insulin-dependexted. The authors concluded that cessation of breast-feeding
transporter, GLUT-4, in the lactating breast. GLUT-1 exis unnecessary after MIBI studies but close contact should
pression decreases rapidly after cessation of sucklibg avoided. We believe that similar recommendations are
(12,13. This is also the likely explanation for high uptakepertinent to FDG studies.
of FDG in the lactating breast and further supports the
importance of suckling as the primary stimulus for the ONCLUSION

phenomenon. Because GLUT-1 is also the: major glucoseThese findings indicate the influence of breast-feeding on

trar:_sport prqte;E |r; rr;alt{gnagt tlsiu_esizkd:atetctlgn ol brea@ﬁndular uptake of FDG in the breast, which has implications
malignancy In the lactating breast IS fikely 1o be comprgg, e diagnosis of breast cancer in the postpartum woman

mised. : .
. _ ' undergoing PET scanning. Furthermore, they suggest that the
AIIowm_g for decay, the concentration of FDG n themain source of potential radiation hazard to a breast-feeding
breast milk appeared to peak & h after administration.

H the hiahest actual activity | d b infant is likely to be in close proximity to the breast (external)
m(i)l\liv;/(;rr;y tiﬁ]e Eoiifwzg ?:un?jca::”lyhIr]rr:ai)s(p\/raeﬁjzewasrz her than ingestion of milk (internal). In patients reluctant to

- o ‘discontinue breast-feeding, expression of breast milk and bot-
Bg/mL/MBqg administered. The standardized model g. &Xp

-feeding by a third Id help to minimi diati
breast-feedingl(4) assumes no interruption, with a first fee e-teeding by a third party could help to minimize radiation

e . ) xposure to the infant. The short physical half-lifel&f and
at3 h after adm|n|_strat|on and then eyd_rh thereatter, with the low excretion of FDG into breast milk support the use of
the baby consuming 142 mL per feeding and a dose fac

ET as the preferred oncologic imagi dure in nursi
for the infant of 0.23 mGy/MBq ingested fd#fF. Only 1 as the prelefred oncologic Imaging proceaure in NUrsing

others if imaging cannot otherwise be avoided.
sample was obtained at 3 h, but, allowing for decay, th?g imaging I Vol

sample appeared to be representative of activity appearRgrerRENCES

in milk at other time points; therefore, decrease of activity _ _ o
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