US 20030149421A1

a2 Patent Application Publication (0 Pub. No.: US 2003/0149421 Al

ao United States

Covington et al.

(43) Pub. Date: Aug. 7, 2003

(549) METHOD AND APPARATUS FOR
INFLUENCING THE TRANSPORT OF
BLOOD CAROTENOIDS INTO
INTRADUCTAL BREAST FLUID

(76) Inventors: Chandice Covington, Clinton
Township, MI (US); Kevin Morton,
Mission Vigjo, CA (US)

Correspondence Address:
KNOBBE MARTENS OLSON & BEAR LLP
2040 MAIN STREET
FOURTEENTH FLOOR
IRVINE, CA 92614 (US)
(21) Appl. No.: 10/365,721
(22) Filed: Feb. 11, 2003

Related U.S. Application Data

(62) Division of application No. 09/488,893, filed on Jan.
21, 2000, now Pat. No. 6,517,513.

(60) Provisional application No. 60/116,815, filed on Jan.
21, 1999.

Publication Classification

(51) Tt CL7 oo A6IM 31/00
(52) US.CL oo 604/500; 604/514
(57) ABSTRACT

Methods and devices are disclosed for reducing the level of
carcinogens in the breast, and influencing the transport of
blood carotenoids into the intraductal environment. In one
embodiment, the device comprises a pump having compres-
sion, suction, and heat adapted to optimize noninvasive
extraction of intraductal breast fluid during periods of non-
lactation, from a parous or nulliparous patient.
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METHOD AND APPARATUS FOR INFLUENCING
THE TRANSPORT OF BLOOD CAROTENOIDS
INTO INTRADUCTAL BREAST FLUID

RELATED APPLICATIONS

[0001] This application is a division of U.S. patent appli-
cation Ser. No. 09/488,893, filed Jan. 21, 2000, which claims
priority of U.S. Provisional Patent Application Serial No.
60/116,815, filed Jan. 21, 1999, the disclosure of which is
incorporated in its entirety herein by reference.

[0002] The present invention was made with U.S. Gov-
ernment support under NIH grant NR03142. The U.S.
Government has certain rights in the invention.

BACKGROUND OF THE INVENTION

[0003] The present invention relates to the reduction of
breast cancer risk, and, in particular, to methods and devices
for influencing the transport of carotenoids and possibly
other substances from the blood into the breast microenvi-
ronment.

[0004] Breast cancer is one of the leading causes of
disease and death in women, with greater than 90% of breast
cancer originating in the epithelial cells of ducts (American
Cancer Society, 1996a). Early detection and treatment of
breast cancer has focused on improving prognosis and
increasing the survival rates, still such rates have only
plateaued (American Cancer Society, 1996d). As a result,
women’s health experts have instigated a renewed focus and
call for innovation in breast cancer prevention efforts (Love,
1995).

[0005] The protective effect of lactation and dietary caro-
tenoids in breast cancer development has been supported
(American Cancer Society, 1996a; Holmes, Hunter, & Wil-
lett, 1995; Stoll, 1996; Weisburger, 1991). Little is known,
however, about the influence the naturally-occurring physi-
ologic process of lactation has on the microenvironment of
the breast in relation to breast cancer prevention. Less is
known about the presence of carotenoids in the microenvi-
ronment of the breast. No information is available on how
lactation might influence transport of carotenoids into the
microenvironment of the breast. Yet, lactation and diet as
protective or chemopreventive processes represent health
choices for women to prevent breast cancer.

[0006] The presence of fluid in the breast has been con-
firmed by history in the breast has been confirmed by
histological study of the breast ductal system (Petrakis et al.,
1975), and breast fluid has been obtained through manual
aspiration from parous and nulliparous women (Petrakis et
al., 1975; Sartorius, 1973, Sartorius, Smith, Morris, Bene-
dict, & Friesen, 1977). Sartorious (1973) first reported the
use of a suction device to aspirate breast fluid in a report on
devising methods to detect breast cancer by studying cells
from the breast fluid.

[0007] Petrakis et al. (1975, 1986, 1988a, 1988b, 1989,
1990), Sartorius et al. (1977), Visozo et al. (1992), and
Wrensch et al. (1990) have conducted several studies rang-
ing from clinical availability of breast secretions, descrip-
tions of breast fluid regarding content, to epidemiologic
investigations into cytologic changes and breast disease.
These studies have supported that the epithelial lining of the
breast ducts exist in a fluid environment that reflects the
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internal and external environment of the human. Murrell
(1991) has hypothesized that under normal physiologic
conditions, damage to breast epithelium by carcinogens as
products of oxygen free radicals, in the absence of stimulus
to clear fluid containing carcinogens, may expose the breast
to increased risk of cancer development.

[0008] During the physiologic process of lactation, the
fluid microenvironment of the breast is in a repetitious
process of fluid synthesis and drainage. Changes in the
breast epithelium lining the ducts during differentiation and
growth in preparation for milk production is thought to alter
the susceptibility of the cell to neoplastic changes (McTi-
ernan & Thomas, 1986; Taylor-Papadimitriou, Lane, &
Change, 1983). Furthermore, lactation acting as a mechani-
cal cleansing process, flushes potential carcinogens in the
ducts, which may represent another way in which lactation
decreases risk of breast cancer (McTiernan & Thomas,
1986; Murrell, 1991; Yoo, et al., 1992). Malhotra (1977)
points out that an alkaline milicu at the breast epithelial cell
level results in increased mitotic activity and cell prolifera-
tion, which is carcinogenic. Stasis in the fluid environment
of the breast, which can specifically occur during lactation
failure, maintains the alkalinity of the cell environment.
Nipple stimulation, which would likely increase oxytocin
levels and lead to drainage of the breast, may be instrumen-
tal in preventing breast disease (Murrell, 1991).

[0009] While past studies on the protective effect of lac-
tation on breast cancer risk report mixed results from
nonconsequential (Haagensen et al., 1981; Kvale and
Heuch, 1987, MacMahon et al., 1970) to moderate (Adami
et al., 1990; Ing, Ho, and Petrakis, 1977; Levin, Sheche,
Graham, and Glidwell, 1964; Malhotra, 1977; McTierman
and Thomas, 1986; Siskind et al., 1988), results from several
contemporary studies support an association between lacta-
tion and decreased breast cancer risk, suggesting an inde-
pendent, protective effect (Byers et al., 1985; Layde et al,,
1988; Lubin et al., 1992; Newcomb et al., 1994; Yoo et al.,
1992; Yuan et al., 1988). Most studies did not operationalize
lactation other than in a dichotomous fashion (yes/no).
Cumulative length of lactation can vary greatly among
women.

[0010] Carotenoids are a group of related chemicals and
natural lipid-soluble pigments found mainly in plants, cer-
tain vegetables, and in animal tissue (Britton, Liaaen-Jansen,
& Pfander, 1995; Deluca, 1978; Michnovicz & Klein,
1994) and serve as precursors of vitamin A. Of the caro-
tenoids with provitamin A activity, beta-carotene “is the
most common and most effective” (Pitt, 1985, p. 8), thus
beta-carotene has become the focus of interest as a signifi-
cant biologically-active nutritional and anticarcinogenic
substances (Burton, 1989; Byers & Perry, 1992; Dimascio,
Murphy, & Sies, 1991). The main function of antioxidant
nutrition, which includes lipid-soluble molecules such as
carotenoids and enzymes derived from minerals, is to pre-
vent oxidative damage to cells and their physiological
function. Beta-carotene is the major carotenoid precursor of
vitamin A and is the most effective, naturally occurring
single oxygen quencher (Bendich, Phillips, and Tengerdy,
1990; Burton, 1989; Burton & Ingold, 1984; Krinsky &
Deneke, 1982).

[0011] Of 15 studies investigating the relationship
between nutrient intake and risk of cancer, including breast
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cancer, six studies (Brisson et al. 1989; Katsouyanni et al..
1988; Knecht et al, 1990; Negri et al., 1995; Rohan,
McMichael, & Bahurste, 1988; & Wald et al, 1984), reported
a decreased risk of breast cancer with dietary intake of
beta-carotene. In seven studies, (Basu et al., 1989; Ewertz &
Gill, 1990; Hislop, 1990; Marubini et al., 1988; Paganini-
Hill et al., 1978; Potishman et al., 1990; Van’tNeer et al.,
1990), results did not support the protective effect of beta-
carotene. However, methods used to index or provide beta
carotene intake are fraught with error, such as controlling for
cooking methods or lipid intake, which is necessary for
utilization of beta carotene.

[0012] Patton, et al. (1990) identified and measured con-
centrations of carotenoids in human colostrum in women
immediately postpartum, specifically alpha- and beta-caro-
tene, lycopene, and beta-cryptoxanthin. The concentrations
of these carotenoids were widely varied and decreased over
the first week postpartum, suggesting a flushing and diluting
effect of progressive lactation on substances that are nor-
mally stored in the resting breast. Covington, et al. (1998)
reported the presence of carotenoids in post-weaned breast
fluids. Additionally, length of time post-wean negatively
influenced the carotenoid level in nipple aspirates, while
cumulative duration of lactation was not significantly related
to carotenoid levels.

[0013] Notwithstanding the extensive research which has
been conducted in this field, there remains a need for an
understanding of the role of intraductal fluid and in connec-
tion with the risk of breast cancer, as well as methods and
devices for using that understanding to create an efficacious
risk reduction regimen.

SUMMARY OF THE INVENTION

[0014] There is provided in accordance with one aspect of
the present invention, a method of elevating intraductal
carotenoid levels in a non-lactating breast in a patient. The
method comprises the steps of removing intraductal breast
fluid from the non-lactating breast over a predetermined
regimen. Although any removal of intraductal breast fluid in
accordance with the present invention may have some
preventative effects, removal is preferably accomplished in
a series such as at least once per month, preferably twice per
month or once per week over a period of at least two to six
months.

[0015] In one embodiment of the invention, the removing
intraductal breast fluid comprises manual aspiration. Pref-
erably, the removing step comprises the steps of applying
suction and compression. In one embodiment, the method
further comprises the step of applying heat. Preferably, the
compression comprises peristaltic compression.

[0016] The method may additionally comprise the step of
increasing the oxytocin level in the breast prior to the
removing step. The oxytocin level may be increased by
direct administration of oxytocin to the patient, and/or by
nipple stimulation.

[0017] In accordance with a further aspect of the present
invention, there is provided a method of removing intraduc-
tal breast fluid from a patient. The method comprises the
steps of contacting the breast with a mechanical intraductal
fluid aspiration device, and activating the device to apply
peristaltic compression and suction to the breast during a
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period of non-lactation to removal intraductal breast fluid.
Preferably, the method additionally comprises the step of
applying heat from the device to the breast.

[0018] In accordance with another aspect of the present
invention, there is provided a method of reducing the risk of
cancer formation in the breast duct. The method comprises
the steps of periodically removing intraductal breast fluid
from the breast using a mechanical intraductal breast fluid
removal device. This may maintain an elevated average
carotenoid level in the breast fluid compared to the caro-
tenoid level in the absence of intraductal breast fluid
removal. Preferably, the elevated average carotenoid level is
maintained for a period of at least about 30 and preferably
at least about 90 days.

[0019] In accordance with a further aspect of the present
invention, there is provided an intraductal breast fluid aspi-
ration device. The device comprises a tissue contacting
surface, defining a first concavity for receiving a breast and
a second concavity for receiving a nipple. A driver is
provided, for imparting compressive force on at least the
portion of the tissue contacting surface defining the first
concavity. A vacuum conduit is placed in communication
with the second concavity, and a sample collector is in
communication with the second concavity.

[0020] Preferably, the driver imparts peristaltic compres-
sive force on the tissue contacting surface. In one embodi-
ment, the driver comprises a motor. In another embodiment,
the driver comprises at least one expandable chamber such
as the area inside an inflatable and collapsible flexible
bladder or tube. Preferably, a plurality of inflatable tubes are
aligned such that sequential filling and emptying of the tubes
provides a peristaltic compressive force on the tissue con-
tacting surface. The intraductal breast fluid aspiration device
may additionally be provided with a heat source, such as an
ultrasonic transducer.

[0021] The sample collector in one embodiment com-
prises a hollow container, which may be removably attached
to the aspiration device. Alternatively, the sample collector
comprises an absorbent media or membrane. In one embodi-
ment, the sample collector additionally comprises a binding
system for binding at least one analyte of interest in the
breast fluid. The binding system may be chemical or bio-
chemical, such as a monoclonal or polyclonal antibody.

[0022] In accordance with a further aspect of the present
invention, there is provided a portable, self-contained, intra-
ductal fluid aspiration device. The device comprises a hous-
ing, and a breast interface carried by the housing. A vacuum
source is provided in communication with the interface, and
a compression driver is coupled to the interface. At least one
control is provided, for controlling operation of the aspira-
tion device. Preferably, the interface is removably connected
to the housing. A fluid reservoir is preferably provided in
communication with the interface, and the fluid reservoir
may be permanent or removably attached to the housing.

[0023] In accordance with a further aspect of the present
invention, there is provided an intraductal fluid aspiration
device which is adapted for use in the physician office or
other clinical setting. The device comprises a control unit,
and a power head. A flexible control line connects the power
head to the control unit. A disposable user interface is
removably attached to the power head, and a vacuum source
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in the control unit is in communication with the user
interface through the control line. A compression cycle
generator is provided in force transmitting contact with the
user interface. Preferably, the device further comprises an
ultrasound transducer in the power head. A central process-
ing unit is preferably provided in the control unit for
controlling the delivery of heat, compression and suction
through the user interface.

[0024] Further features and advantages of the present
invention will become apparent from the detailed descrip-
tion of preferred embodiments which follows, when con-
sidered together with the attached drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 shows the hierarchial regression for breast
fluid carotenoid on plasma carotenoid and age.

[0026] FIG. 2 shows the hierarchial regression for breast
fluid carotenoid on plasma carotenoid and parity.

[0027] FIG. 3 shows the hierarchial regression for breast
fluid carotenoid on plasma carotenoid and the length of time
post wean.

[0028] FIG. 4 shows the hierarchial regression for breast
fluid carotenoid on plasma carotenoid and lactation.

[0029] FIG. 5 shows the hierarchial regression for breast
fluid carotenoid on plasma carotenoid and cumulative life-
time duration of lactation.

[0030] FIG. 6 shows the hierarchial regression for breast
fluid carotenoid on plasma carotenoid and lactation, age,
parity, and length of time post-wean serving together as
moderators.

[0031] FIG. 7 shows the hierarchial regression for breast
fluid carotenoid on plasma carotenoid and cumulative life-
time duration of lactation, age, parity, and length of time
post-wean serving together as moderators.

[0032] FIG. 8 is a schematic illustration of a portable,
self-contained intraductal fluid aspiration device.

[0033] FIG. 9 is an illustration of a portable, self-con-
tained intraductal fluid aspiration device as in FIG. 8,
schematically illustrating a plurality of annular compression
rings.

[0034] FIG. 10 is a schematic illustration of a desk top
embodiment of an intraductal fluid aspiration device in
accordance with the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0035] In the United States, the average women has a
12.5% lifetime risk of developing invasive breast cancer.
The breast is the leading site of cancer among American
women, with over 180,000 new diagnoses annually and
approximately 44,000 annual deaths. Incidence trends in the
United States between 1983 and 1993 show in situ breast
cancer rates increased from 2.3 to 6.2 per 100,000 among
women under 50, and from 14.3 to 54.6 per 100,000 in
women 50 and older. Additionally, ductal carcinoma in situ
(DCIS) has increased markedly from 2.4 per 100,000 in
1973 to 15.8 per 100,000 in 1992.
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[0036] Virtually all breast cancers originate in the epithe-
lial cells that line the walls of the fluid ducts that are present
in a women’s breast. The study conducted by the present
inventors illustrates routinely high levels of carcinogens,
including pesticides and carbon oxides, in the ductal fluid.
Damage to the breast duct epithelial cells caused by these
carcinogens is recognized to increase the risk of cancer
development.

[0037] Despite the foregoing, there are currently no
approved preventative measures for reducing the incidence
of breast cancer, beyond lifestyle changes (such as reducing
smoking and regulating diet) that may reduce overall risk.
Based upon research conducted by the present inventors, the
inventors believes that the routine use of a device that
mechanically cleanses the breast ducts, by removing ductal
fluid in a manner that biomimics the lactating breast, may
become the first preventative measure for reducing the risk
of breast cancer.

[0038] Intraductal fluid aspiration in accordance with the
present invention is preferably made a part of a systematic
regimen, such as a monthly routine to be accomplished
along with manual examination of the breast for lumps or
abnormalities. Specific optimal frequencies and protocols
can be determined through routine experimentation by those
of skill in the art in view of the disclosure herein.

[0039] The present inventors’ research has shown the
ability to remove carcinogenic intraductal fluid with a bio-
mechanical device, by extracting the intraductal fluid non-
invasively through the nipple. The results illustrate that once
the intraductal fluid has been removed, replacement fluid is
essentially free of carcinogens, and may have an increase in
carotinoids, which are believed to have cancer fighting
antioxidant properties. Thus, the methods and devices of the
present invention enable the decrease of carcinogens in the
breast ductal fluids, and a possible corresponding increase in
carotinoids, which are expected to have a protective effect
from cancer on the breast duct epithelial cells. However, the
present invention is not limited to the possible increase in
carotinoids as an anti-cancer mechanism. Instead, without
limitation as to mechanism, the invention relates more
broadly to the periodic or systematic removal of ductal fluid.

[0040] In addition to the preventative aspect of the present
invention, the present inventors also contemplate a diagnos-
tic use for aspirated intraductal fluid. Noninvasively
obtained intraductal fluid may be analyzed in any of a
variety of ways, including cytological examination (similar
to the Pap smear) or other biochemical or chemical analyses.

[0041] The investigation reported below was a descriptive
and correctional study designed to evaluate the influence of
recent lactation and cumulative lifetime duration of lactation
on the relation between plasma and breast fluid carotenoid
levels. The influence of age, parity, and length of time
post-wean on the relation between plasma and breast fluid
carotenoid levels was also investigated. A power analysis for
multiple regression (Cohen, 1988) for power of 0.8 and a
moderate population effect was completed, and given the
preliminary and exploratory nature of this study, an alpha
was set at 0.10 (Lutz, 1983). One- and two-tailed tests of
significance were used depending on the directional nature
of the hypotheses.

[0042] Recent lactation is the number of calendar months
a women breastfed her last child, reported as a continuous
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variable from zero months (no lactation) to a specified
number of calendar months breastfeeding (lactation). Cumu-
lative lifetime duration of lactation is the sum total number
of calendar months a woman breastfed all children. Length
of time post-wean is the number of calendar months a
woman stopped breastfeeding her last child to the time of
participation in this study. Carotenoids are chemopreventive
nutrients measurable in plasma and breast fluid using spec-
trophotometric techniques. Plasma carotenoid level is the
measure of total carotenoid (mcg/ml) in the plasma, deter-
mined by spectrophotometry. Breast fluid carotenoid level is
the measure of total carotenoid (mcg/ml) in breast fluid,
determined by spectrophotometry. Secretor/Non-Secretor
define women who were able to unable to aspirate breast
fluid.

[0043] Women who were between 18-45 years of and
non-pregnant were recruited for participation. Criteria for
inclusion for the breastfeeding group included delivery of a
full term infant 24 months prior and that child for at least six
months, and being totally weaned for at least three months.
After cessation of lactation, mammary involution occurs
over a three-month period, resulting in a return to a non-
secretory alveolar lining (Mepham, 1987). Women partici-
pating in this study were minimally three-months post-wean
to control for the physiologic changes that occur during
lactation and subsequent to cessation of lactation. Criteria
for inclusion for the non-breastfeeding group included deliv-
ery of a full-term infant 24 months and selection of formula
feeding the infant. Exclusion criteria or withdrawal from the
study included pregnancy. Recruitment of subjects occurred
in three Midwest metropolitan cities through subject refer-
ral, study recruitment fliers at women’s health clinics, WIC
offices, day-care centers, and public health clinics, and
advertisements in the newspaper. Over 100 women were
recruited to participate in the parent study, however, only 85
women met the inclusion criteria for this study. Of these, 43
(51%) women were able to express breast fluid and had
plasma carotenoid available for analysis.

[0044] The total sample for the corollary study consisted
of 83 women, with 48% from city 1, 33% from city 2, and
19% from city 3. The majority of women were White, but
two women (2%) were Black and two (2%) were Hispanic.
The mean age of the women was 31.6 years (SD=5.2, range
20-44 years), with education level of 63% with women
college or a degree, and 14$ completing a graduate degree.
The majority of women (96%) reported total household
income of over $30,000.

[0045] The subset sample of women consisted of 43
women who were able to aspirate breast fluid and had
plasma available for analysis. The majority of women were
white, but one (2%) was Black. The mean age was 31.9
years (SD=5.3, range 20-40 years), with education level of
81.4% with some college or a degree, and 9.3% completing
a graduate degree. The majority of women reported total
household income over $30,000.

[0046] The subject’s mean number of months postpartum
was 23.5 months (SD=5.1, range 15-36 months), and 23.7
months (D=5.4, range 15-36) for the subset. Gravidity of
three (M=2.4, SD=1.3, range 1-6 pregnancies) was reported
by 80% of the women in both sample groups. Parity of three
(M=2.0, SD=1.0, range 1-6 live births) was reported by 80%
of the women, whereas parity of two was reported by a
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majority of women (35%) in the subset. Within the sample,
37 women (43%) reported zero months breastfeeding, while
45 women (53%) breastfed their last child a mean for six
months (SD=6.8, range 0-30 months). In the subset, 14
women (32.6%) reported zero months breastfeeding, while
29 women (67.5%) breastfed their last child a mean of eight
months (SD=6.2, range 3-30 months). For breastfeeding
women, the mean number of months breastfeeding their last
child was 11.0 months (SD=5.4, range 3-30 months), and 12
months in the subset (SD=5.9, range 3-30 months). Women
were 3-30 months post-wean (M=12.4, 11.4 subset, SD=5.8
months, 6.2 subset). The mean number of months for
cumulative lifetime duration of lactation was 20 (SD=12.0,
range 1-63 months), and 15.4 months (SD=14.4, range=5-63
months) for the subset.

[0047] Human subjects approval was obtained and the
study was explained to potential participants. An investiga-
tor-developed Health and Lactation History Questionnaire
(HLHQ) was a self-report tool to assess demographics and
collect information regarding health and reproductive his-
tory. Demographic factors collected by the HLHQ included
age, race, education, occupation, and income. Health and
reproductive factors, such as pregnancy and lactation history
were also collected in the questionnaire. No reliability and
content validity information for this instrument has been
reported. A nipple aspiration device was designed to assist in
the aspiration of breast fluid, based on the original Sartorius
(1977) method. A kit containing microtubes and the aspira-
tion device necessary for collection of breast fluid was
developed. A breast fluid sample collection protocol using a
subject-controlled, nipple aspiration method to obtain breast
fluids over a period of 17 days was used. Fluid was stored
in amber opaque microtainers to shield against light which
degrades carotenoids. Research nurses were trained to teach
and assist women to aspirate with demonstration and video
training methods. Blood sampling equipment, including
alcohol, butterfly needles, and collection tubes containing
EDTA and sodium heparin were used to collect blood for
carotenoid assay. Plasma was stored in amber opaque micro-
tainers.

[0048] Plasma and breast fluid samples were collected in
amber microtubes and stored at —=70° C. due to the instability
of carotenoids in light and higher temperatures over time.
Blood was centrifuged immediately after collection and the
plasma withdrawn and stored in amber capillary tubes at
-70° C. A university-based lab provided the carotenoid
analysis of plasma and breast fluids using spectrophotomet-
ric technique. A procedure described by Patton, et al. (1990)
for the determination of carotenoids in human colostrum
samples was used to measure the amount of total carotenoids
in plasma and breast fluid samples.

[0049] Participants were asked to complete the question-
naire (HLHQ) and to attempt to collect breast fluid every
other day for seventeen days. If unable to collect fluid using
the aspirator within a 30-minute attempt, subjects were
instructed to stop and try again in two days. The first eight
collections of breast fluid were pooled into an amber micro-
tube and maintained in the home freezer between collec-
tions. An initial blood sample was collected into a tube
containing EDTA.

[0050] Upon completion of breast fluid collection, the
subjects contacted the research assistant for sample collec-
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tion. At the final visit, the rescarch assistant collected the
questionnaire and breast fluid samples. Women received a
small incentive for their participation in the study.

[0051] Differences between women reporting no lactation,
recorded as zero months (0), and women reporting lactation,
recorded as x number of months of breastfeeding, on demo-
graphic and reproductive characteristics were discerned by
t-test analysis. No significant differences between women on
age, income, parity, number of months postpartum, and
plasma carotenoid levels were evident in the original and
subset samples. However, women reporting lactation were
significantly higher educated than women reporting no lac-
tation. Asignificant difference in number of months of recent
lactation and cumulative lifetime duration of lactation was
reported between the original and subset samples. However,
women in the subset were more likely to be breastfeeders, as
these women were more successful in obtaining breast fluid.

[0052] Atotal of 83 plasma samples were sent for analysis.
A few plasma samples (n=2) were insufficient or lost in
transit, resulting in a total of 81 samples. Of these, the mean
plasma carotenoid level was 1.83 mcg/ml (SD=0.89, range
0.037-4.50 mecg/ml). The mean plasma carotenoid level
reported in this study is consistent with levels reported in
epidemiologic studies measuring plasma carotenoid (Potis-
chman, 1990).

[0053] Breast fluid was obtained from 68 women (80%),
while 14 women (16.5%) were unable to obtain any breast
fluid for collection. However, of the 68 women who
obtained some volume of breast fluid, only 45 women (54%
of the total sample) were able to aspirate a sufficient amount
of breast fluid for total carotenoid analysis. Sartorius (1977)
reported collection of breast fluid from women is successful
in 50% of collection attempts. The total number of women
with both plasma and breast fluid carotenoid levels available
for analysis numbered 43 (51%). Reproductive and secretor/
non-secretor analysis results suggested that the longer a
woman breastfed her last child, the more likely she was able
to aspirate breast fluid (p=0.2). Furthermore, the longer a
woman breastfed her last child, the more likely the amount
of breast fluid obtained was a sufficient amount for caro-
tenoid analysis (p=0.001). The overall mean breast fluid
carotenoid level was 1.73 mcg/ml (SD=1.7, range undetect-
able—10.20 mcg/ml). This finding was consistent with the
mean breasts fluid carotenoid level (1.94 meg/ml) reported
by Covington, et al. (1998) for women post weaned.

[0054] Age significantly influenced the relation between
plasma and breast fluid carotenoid levels, as illustrated in
FIG. 1. A significant negative partial regression coefficient
for plasma and age indicated a significant negative interac-
tion. Thus, the relation between plasma and breast fluid
carotenoid levels diminished with age. The results of the
hierarchical regression did not support the influence of
parity (See FIG. 2). The influence of length of time post-
wean on the relation between plasma and breast fluid
carotenoid levels was supported (see FIG. 3). Thus, the
relation between plasma and breast fluid carotenoid levels
diminished with the increasing duration of time since ces-
sation of lactation.

[0055] Hierarchical regression analysis with a one-tailed
test of significance was used to examine the influence of
lactation on the relation between plasma and breast fluid
carotenoid levels. As illustrated in FIG. 4, the significant
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beta value in Step 3 of the hierarchical regression analysis,
in addition to the significant change in the R* when the
recent lactation entered the hierarchical regression equation
with plasma carotenoid, signified the presence of an influ-
ence of recent lactation on the relation between plasma and
breast fluid carotenoid levels. A significant positive partial
regression coefficient for plasma carotenoid x lactation
indicated a significant positive interaction. Thus, the hypoth-
esized influence of lactation on the relation between plasma
and breast fluid carotenoid levels was supported. Addition-
ally, the longer a women breastfed her last child, the greater
the positive relation between plasma and breast fluid caro-
tenoid levels. However, results indicated that cumulative
lifetime duration of lactation did not influence the relation
between plasma and breast fluid carotenoid levels (see FIG.
5).

[0056] A significant negative partial regression coefficient
for plasma carotenoid and length of time post-wean indi-
cated a significant negative interaction. Thus, in the model,
length of time post-wean diminished the relation between
plasma and breast fluid carotenoid levels and altered the
influence of recent lactation and age on the relation between
plasma and breast fluid carotenoid levels.

[0057] A model derived from cumulative lifetime duration
of lactation, age, parity, and length of time post-wean
influenced the relation between plasma and breast fluid
carotenoid levels (See FIG. 7). A negative partial regression
coefficient for length of time post-wean indicated a signifi-
cant negative influence. Thus, in the model, the influence of
cumulative lifetime duration of lactation and parity was not
altered, but age did not diminish the relation between plasma
and breast fluid carotenoid levels as reported in separate
analysis, while length of time post-wean did significantly
diminish the relation between plasma and breast fluid caro-
tenoid levels.

[0058] There were no significant differences between
women on plasma or breast fluid carotenoid levels. The
results also revealed that the longer a woman breasted her
last child, the more likely she would obtain breast fluid.
Additionally, the longer a woman breastfed her last child and
the greater the reported total lifetime duration of lactation,
the more likely the woman would secrete sufficient amounts
of breast fluid for carotenoid analysis. This is not surprising
if longer months of breastfeeding lead to greater adeptness
at expressing milk, and therefore, aspirating breast fluid,
even though the physiology of the two fluids differs. Aside
from experiential considerations, there may be anatomical
and physiologic changes that occur with lactation that
increase the likelihood of aspirating breast fluid.

[0059] Age significantly influenced the relation between
plasma and breast fluid carotenoid levels, with the relation
between plasma and breast fluid carotenoid levels dimin-
ished as age increased. This was true for all women, regard-
less of lactation status. The American Cancer Society
(1996b) reports that the incidence of breast cancer increases
with age and breast cancer mortality rates increase for
women 40-54 years of age. In epidemiological studies
designed to investigate the protective effect of lactation and
breast cancer risk, the independent protective effect of
lactation was supported for premenopausal, but not post-
menopausal, women (Byers et al., 1985), as also evident for
carotenoids and risk (McTierman and Thomas, 1986; Yoo et
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al., 1992). Indeed, mammary involution at menopause rep-
resents a significant epithelial regression and loss followed
by replacement of ductal and lobular structures by adipose
tissue (Forbes, 1986). These anatomical changes result in a
decreased blood flow and nutrient delivery. Thus, the
changes which occur in the breast with the aging process
may influence the delivery of micronutrients to the breast
microenvironment.

[0060] Parity did not significantly influence the relation
between plasma and breast fluid carotenoid levels. in past
studies on risk of breast cancer, parity was often a confound-
ing variable that when controlled revealed an independent
protective effect of lactation. Parity did not moderate the
relation between plasma and breast fluid carotenoid levels;
however, parity may play its protective role as a mediating,
or antecedent, factor, by offering further opportunity for
lactation (Lindley & Walker, 1993).

[0061] A greater length of time post-wean significantly
reduced the relation between plasma and breast fluid caro-
tenoid levels. Results indicated that the relation between
plasma and breast fluid carotenoid levels diminished the
longer the time post-wean, which replicated Covington’s
data (Covington, et al., 1998). This is not surprising, since
increasing number of months post-wean indicates a longer
period of time away from the positive influence of lactation
as a potentiating process. Additionally, post-lactation, the
breast undergoes mammary involution over a three-month
period of time, in which the number of mammary alveoli are
reduced and blood flow and nutrient delivery is diminished
(Lawrence, 1994; Neville & Niefert, 1983).

[0062] Lactation had a significant positive influence on the
relation between plasma and breast fluid carotenoid levels.
The results of previous epidemiological studies on lactation
and breast cancer risk supports a protective effect, however
the mechanism is unknown. Lactation, a physiologic process
in which blood flow and nutrient transport to the breast
increases, potentiates the delivery of available circulating
plasma carotenoids into the microenvironment of the breast
in women who breastfeed, especially at shorter periods
post-wean. Lactation positively influenced the relation
between plasma and breast fluid carotenoid levels. Addi-
tionally, the longer a woman breastfed her last child, the
greater the relation between plasma and breast fluid caro-
tenoid levels. This positive influence was detected at 15-35
months postpartum; the full duration of this potentiating
action of lactation is yet to be demarcated.

[0063] The results of the analysis also indicated that
cumulative lifetime duration of lactation did not influence
the relation between plasma and breast fluid carotenoid
levels. Indeed, this is a pertinent finding in that results of
epidemiological studies supported the increasing cumulative
lifetime duration of lactation and decreased risk of breast
cancer (Ing, Ho, & Petrakis, 1977, Layde et al., 1988; Levin
et al., 1964; Yuan et al., 1988). However, in these studies,
cumulative lifetime duration of lactation was measured in
number of years, often greater than five years. In this study,
younger women who were 24 months post-partum were
studied. Therefore, the mean cumulative duration of lacta-
tion in this study was short (20 months) in terms of lifetime
influence. Additionally, the positive relation between cumu-
lative lifetime duration of lactation and plasma carotenoid
was an interesting finding. Perhaps women who have breast-

Aug. 7, 2003

fed for longer periods of time over their lifespan have
developed nutritionally-improved eating habits over time, or
in general are indicative of a proxy group for healthy
decisions and greater education.

[0064] A model derived from lactation, age, parity, and
length of time post-wean on the relation between plasma and
breast fluid carotenoid levels was supported. Furthermore,
the influence of lactation on the relation was changed by the
presence of age, parity, and length of time post-wean in the
model. Whereas lactation does have a positive influence on
the relation between plasma and breast fluid carotenoid
levels, as indicated in separate analysis, the influence of
length of time post-wean diminished the significance of the
influence of recent lactation in this study. Thus, the duration
of the potentiating influence of lactation appears strongest
with increasing length of lactation to less than three months
postwean, before post-lactation mammary involution is
completed. Furthermore, a model derived from cumulative
lifetime duration of lactation, age, parity, and length of time
post-wean significantly influenced the relation between
plasma and breast fluid carotenoid levels was also sup-
ported. However, length of time post-wean accounted for the
significant interaction effect. Additionally, the influence of
age was not significant. Thus, length of time post-wean
exerted a stronger diminishing influence on the relation
between plasma and breast fluid carotenoid levels than did
age. However, two facts are critical to the interpretation of
these results. First, cumulative lifetime duration of lactation
reported by the younger women in this study was consid-
erably less than cumulative lifetime duration of lactation
reported by older women in epidemiological studies sup-
porting a protective effect of lifetime duration of lactation
and breast cancer risk. In light of the mammary involution
that occur with menopause (Forbes, 1986), the increased
incidence of breast cancer may be related to the loss of
chemopreventive substances available in the breast. The
women in this study were not representative of a population
of menopausal women.

[0065] The following considerations can be made within
the limitations of the study. First, based on the moderator
influence of lactation, choice of feeding an infant has
dramatic health implications for women, in addition to the
recognized health benefits of breastfeeding for the infant.
Although these results are preliminary, the findings suggest
a relation between lactation and the delivery of anticarcino-
genic substances into the breast environment. Furthermore,
the delivery of these carotenoids from the blood to the breast
appears to be enhanced by increasing duration of lactation of
the last child, but not by cumulative duration of lactation, at
least early on when cumulative breastfeeding longevity has
not yet been established. Additionally, other characteristics
of individuals, such as older age and longer length of time
post-wean, diminished the relation between plasma and
breast fluid carotenoid levels. Still, lactation positively influ-
enced the delivery of chemopreventive substances available
in the blood to the breast ducts, where 90% of breast cancer
is initiated.

[0066] In view of the foregoing, the present invention
provides a method of systematically removing intraductal
fluid from a non lactating breast. Preferably, this is accom-
plished by removing fluid on a sufficient number of occa-
sions to maintain a reduced level of intraductal contami-
nants, but not with sufficient frequency to induce relactation.
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For many women, relactation will be induced by intraductal
fluid aspiration for 15 minute sessions conducted once every
four hours for from about 5 to about ten days. The frequency
contemplated by the present inventors, on the other hand, is
insufficient to induce relactation in the normal patient. Thus,
maximum frequencies contemplated by the present inven-
tors are on the order of no more than about 5 sessions per
week, and generally no more than about one session per
week. As a practical matter, patient motivation may not be
high enough to sustain more than about 8 to 20 aspiration
sessions per year for most patients.

[0067] Aspiration frequencies at a rate of at least 6 ses-
sions, preferably at least about 12 sessions, and more
preferably at least about 18 sessions per year, but no more
than the maximum discussed above are contemplated. In
excess of about 24 sessions per year may further enhance the
preventative properties of the present method. Even a single
session per year, such as in conjunction with an annual
exam, is believed to exhibit a risk reduction effect compared
to no aspiration sessions. Thus, one or two or three or more
sessions per year are also contemplated by the present
inventors.

[0068] Prior to each aspiration session, Keratin plug
removal may be assisted by topical application of any of a
variety of keratin softening agents such as H,O,, baking
soda, or Debrox™, as is understood in the art. Ultrasonic
vibration may also be used.

[0069] Referring to FIG. 8, there is illustrated a schematic
representation of a portable, self-contained intraductal fluid
aspiration device 20 in accordance with one aspect of the
present invention. The aspiration device 20 includes a hous-
ing 22, for containing various controls and functional com-
ponents of the device 20. One or more controls and/or
indicators 25 may be provided on the housing, for control-
ling various aspects of the device such as suction, compres-
sion, and other features (e.g., heat, ultrasound) which may be
included depending upon the intended functionality of the
aspiration device 20. The housing 22 may be formed by
extrusion, injection molding or other well known techniques
from a suitable biocompatible material such as high density
polyethylene, nylon, polyethylene terephthalate, or others
well known in the art. The housing is preferably formed in
an ergonomic configuration, to comfortably facilitate grasp-
ing in one hand during use.

[0070] The housing 22 is provided with a breast interface
24, which may either be permanently attached to the housing
22 or removably attached such as for cleaning or disposal.
Breast interface 24 has a proximal end 26, a distal end 28,
and a flexible body 30 extending therebetween. The inter-
face 24 has a tissue contacting surface 32 defining a first
concavity 34 for receiving a breast 36 and a second con-
cavity 38 for receiving a nipple 40. The tissue contacting
surface 32 may be an integral surface on the flexible body
30, or may comprise a separate interior liner which is
adhered to or otherwise secured to the flexible body 30.

[0071] Flexible body 30 may be manufactured in any of a
variety of ways, such as injection molding, blow molding
tube stock within a tapered capture tube, or other known
manners, using any of a variety of well known biocompat-
ible polymeric materials. Preferably, the flexible body 30 is
transparent, which may be achieved by forming from poly-
carbonate, or other relatively clear materials known in the
art.
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[0072] The dimensions of the interface 24 may be varied
widely, as will be appreciated by those of skill in the art in
view of the disclosure herein. In general, the distal end 28 of
the flexible body 30 is provided with an elastic sealing ring
35 having an inside diameter within the range of from about
2" to about 10". The distal limit of the second concavity 38
has an inside diameter within the range of from about 1" to
about 4". The first concavity 34 has an axial length from
proximal end 26 to distal end 28 within the range of from
about 0" to about 12". The first concavity 34 has a generally
conical or bell shaped interior configuration, as will be
appreciated by those of skill in the art.

[0073] Preferably, the breast interface 24 is provided with
a dynamic compression zone 42, having one or more com-
pression elements 45 for compression in the mid breast
region to facilitate intraductal fluid aspiration. Although the
specific dimensions will vary from patient to patient, as well
as with age and parity, the breast 36 includes a plurality of
ducts 37 which are generally confluent in the direction of a
plurality of external openings on the nipple 40. Most of the
intraductal volume is contained in the distal one-half or
one-third of the breast 36 (from the patient’s perspective).
Thus, the inventors presently believe that a compression
zone 42 approximately centered around the midbreast region
will optimize fluid transport in the duct.

[0074] Referring to FIG. 9, the dynamic compression
zone 42 is schematically illustrated (not to scale) as com-
prising a plurality of annular compression rings 44, 46, 48
and S0. Preferably, the annular compression rings are in
operative communication with a driver 52 in the housing 22,
to permit sequential operation. The preferred operation
mode mimics a peristaltic motion such that tissue compres-
sion is accomplished sequentially starting with compression
ring 44 followed by compression ring 46 followed by
compression ring 48 followed by compression ring 50. As
will be apparent to those of skill in the art in view of the
disclosure herein, any of a wide variety of compression ring
numbers and configurations may be utilized in accordance
with the present invention. Thus, the illustration of four
compression rings in FIG. 9 is not considered limiting on
the scope of the invention. In general, anywhere from about
one to about twenty compression clements 45 may be
utilized, and, preferably, between about three and ten are
contemplated in most embodiments.

[0075] The compression elements 45 may comprise any of
a variety of structures, such as inflatable tubular elements or
other inflatable structures, or mechanical compression ele-
ments such as rollers. In the illustrated embodiment, which
is not drawn to scale in order to improve clarity, the dynamic
compression zone 42 comprises a plurality of annular,
inflatable, tubular compression rings each of which is con-
nected to the driver 52 by a unique conduit 56. The driver 52
preferably includes a microprocessor or other central pro-
cessing unit for sequentially driving the compression ele-
ments 45 as described previously. In one embodiment, the
driver 52 includes a pump for controllably inflating and
deflating each compression ring in response to the micro-
processor and in accordance with the predetermined com-
pression protocol. Inflation media such as air, water, or gel
may be utilized, depending upon the desired performance
characteristics. In one embodiment, a heat retaining gel such
as morphing gel, available from Dow Coming, is utilized to
enable the delivery of heat during the compression cycle.
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[0076] The microprocessor may be programmed to a par-
ticular pumping and compression cycle characteristic, or
may be adjustable by the user to optimize the aspiration
function as desired. For example, compression cycles may
be constant, with a sequential compression pattern from
chest wall to the pump end. Alternatively, the compression
cycle may be peristaltic or pulsitile. Vacuum may be applied
constantly throughout the pumping cycle, or may be pulsitile
either in phase or out of phase with the compression cycles.

[0077] The aspiration device 20 is further provided with a
vacuum generator such as a pump in the housing 22, in
communication with the second concavity 38 by way of a
vacuum conduit (not shown). Associated electronics, such as
a power source and driving circuitry are preferably con-
nected to a control 25 to enable the user to selectively
activate and deactivate the vacuum. Preferably, the pump is
capable of generating a vacuum within an operating range of
from O (pump off) to about 300 mm/Hg. Although vacuum
in excess of 300 mm/Hg may also be utilized, vacuum in this
area or higher may cause rupture of microvasculature and is
unnecessary to accomplish the objectives of the present
invention. For this reason, limit valves may be provided in
communication with the vacuum conduit, as are known in
the art, to limit the vacuum to no more than about 200
mm/Hg, or 250 mm/Hg, or 300 mm/Hg.

[0078] The foregoing embodiment is useful in a variety of
settings, particularly for in home intraductal aspiration. In an
alternative embodiment of the present invention, a desk top
unit 60 is provided, such as for the physician’s office or other
more conventional clinical setting. See FIG. 10. The desk
top intraductal fluid aspiration system 60 comprises a con-
trol unit 62, in communication with a power head 64 by way
of an elongate flexible control line 66. The power head 64 is
provided with a disposable user interface 68 which may be
similar or identical to the interface 24 described previously.
In this embodiment, the interface 68 is preferably removably
connected to the power head 64, to facilitate one time use
and subsequent disposal of the interface 68.

[0079] The control 62 preferably includes the vacuum
pump, and other driver circuitry and controls as may be
needed depending upon the intended functionality of the
desk top unit 60. For example, a vacuum pump (not illus-
trated) is in communication with the disposable user inter-
face 68 by way of a vacuum lumen (not illustrated) extend-
ing throughout the length of the control line 66. Additional
lumens or wiring extend through the control line 66 for
accomplishing the peristaltic or other sequential compres-
sion motion of the dynamic compression zone 42 as has been
discussed.

[0080] In a non-diagnostic embodiment, a reservoir is
preferably positioned in fluid communication with the dis-
posable user interface 68, to allow disposal of collected
intraductal fluid. A removable sample collection container
may alternatively be provided, such as to enable transport of
collected intraductal fluid to a diagnostic laboratory or other
facility for diagnostic analysis.

[0081] Preferably, the disposable user interface 68 is pro-
vided with a heat source, such as a heat retaining gel or other
media for inflating the compression elements as has been
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previously discussed. Alternatively, resistance heating ele-
ments may be provided in the disposable user interface 68 or
associated power head 64, powered by way of electrical
conductors extending throughout the control line 66. In an
embodiment where the dynamic compression zone 42
includes elements filled with a heat retaining gel or other
media for retaining heat, the breast interface 24 may be
removed and heated such as in a microwave oven or other
heat source prior to use. An ultrasound source may also be
provided in the control unit 62 or power head 64, for driving
one or more ultrasound transducers in the power head 64 to
assist in initial removal of keratin plugs that may occur at the
opening of the ducts, and possibly also to serve as a heating
source.

[0082] Although the present invention has been described
in terms of certain preferred embodiments, it may be incor-
porated into or accomplished by other embodiments, by
persons of ordinary skill in the art in view of the disclosure
herein. The scope of the invention is therefore not intended
to be limited by the specific embodiments disclosed herein,
but is instead intended to be defined by the full scope of the
following claims.

What is claimed is:

1. A method of elevating intraductal carotenoid levels in
a non lactating breast in a patient, comprising the steps of
removing intraductal breast fluid from the non lactating
breast at least once every other day for at least five days.

2. A method of elevating intraductal carotenoid levels in
a non lactating breast as in claim 1, wherein the removing
step comprises manual aspiration.

3. A method of elevating intraductal carotenoid levels in
a non lactating breast as in claim 1, wherein the removing
step comprises the steps of applying suction and compres-
sion.

4. A method of elevating intraductal carotenoid levels in
a non lactating breast as in claim 3, further comprising the
step of applying heat to the breast.

5. A method of elevating intraductal carotenoid levels in
a non lactating breast as in claim 3, wherein the compression
comprises peristaltic compression.

6. A method of elevating intraductal carotenoid levels in
a non lactating breast as in claim 3, further comprising the
step of increasing the oxytocin level in the breast prior to the
removing step.

7. A method of elevating intraductal carotenoid levels in
a non lactating breast as in claim 6, wherein the increasing
the oxytocin level step is accomplished by administering
oxytocin to the patient.

8. A method of elevating intraductal carotenoid levels in
a non lactating breast as in claim 6, wherein the increasing
the oxytocin level step is accomplished by nipple stimula-
tion.

9. A method of elevating intraductal carotenoid levels in
a non lactating breast as in claim 1, wherein intraductal fluid
is removed on at least two occasions over a period of no
more than about two months.

10. A method of removing intraductal breast fluid from a
patient, comprising the steps of contacting the breast with a
mechanical intraductal fluid aspiration device, and activat-
ing the device to apply peristaltic compression and suction
to the breast during a period of non lactation to remove
intraductal breast fluid.
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11. A method of removing intraductal breast fluid as in
claim 10, further comprising the step of applying heat from
the device to the breast.

12. A method of removing intraductal breast fluid as in

claim 10, wherein the removing step is repeated at least
once.
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13. A method of removing intraductal breast fluid as in
claim 10, wherein the patient is parous and at least three
months post wean.

14. A method of removing intraductal breast fluid as in
claim 10, wherein the patient is nulliparous.

* * * * *
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