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Abstract

Background: Nipple fluid aspiration (NFA) is a technique to acquire nipple aspirate fluid (NAF), which is considered
a rich source of breast-specific biomarkers. Originating directly from the mammary ducts, this liquid biopsy can offer
insight into the process of carcinogenesis at its earliest stage and therefore could be of added value to the current
imaging-based breast cancer screening tools. With that in mind, it is necessary to know how well NFA is tolerated.

Aim: To evaluate the participants'tolerability of NFA compared to breast imaging screening methods and blood
draws.

Materials and methods: Three cohorts of women underwent NFA: healthy women (n = 190), women diagnosed
with breast cancer (n=137) and women at high risk of developing breast cancer (n =48). A 0-10 discomfort score of
NFA, mammography, breast MRl and blood draws, was filled in at the study visits, which took place once or annually.

Results: The median discomfort rate of NFA was 1, which was significantly lower than the median discomfort of
mammography and breast MRI (5 and 3, respectively, p < 0.001), but significantly higher than median discomfort for
blood draws (0, p<0.001). The great majority of women would undergo the procedure again (98%) and recommend
it to others (97%).

Conclusion: This study shows that NFA was well tolerated by healthy women, women diagnosed with breast cancer
and high-risk women. This makes NFA a feasible method to pursue as a potential future breast cancer early detection
tool, based on resident biomarkers.

Trial registration: NL41845.041.12, NL57343.041.16 and NL11690.041.06 in trialregister.nl.

Keywords: Nipple aspirate fluid, Nipple fluid aspiration, Blood, Screening, Breast cancer, Liquid biopsies, Tolerability,
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Introduction
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breast tumors and ductal carcinoma in situ tumors are
not diagnosed at scheduled screening visits [12, 13].
Therefore, efforts focus on the development of tools
beyond current imaging-based screening. In that con-
text, liquid-based biomarkers for early detection of
breast cancer are being investigated as these have the
potential to be implemented as an add-on or triage
tool in the early detection workup [14]. Liquid-biopsy
based screening holds promise as it allows repeated
sampling by non-invasive means with potential high
accuracy, simple and fast interpretation at low costs
[15, 16]. This could especially be of value for women
with a higher chance of false negative results, such
as women with dense breasts [17]. Moreover, mam-
mography is generally perceived as uncomfortable
and painful, which can lead to reluctance to comply
to screening guidelines [18, 19]. Liquid biopsy-based
screening could potentially be more tolerable than
imaging-based screening and, as such, reduce the
threshold for women to attend screening.

A specific liquid biopsy of the breast is nipple aspi-
rate fluid (NAF), a biofluid that accumulates at small
amounts in the breast ducts of non-lactating women
[14]. As such, it can provide information about the
breast microenvironment and its subtle changes. The
possibility of synchronous acquirement of matched
pairs of bilateral NAF samples makes this liquid biopsy,
from a research point of view, even more interesting as
it provides an intra-patient control for unilateral dis-
ease. The collection technique is called nipple fluid
aspiration (NFA), a non-invasive technique that was
first described by George Papanicolaou [20, 21], the
developer of the Pap smear test which is widely used
in early detection of cervical cancer. The NFA pro-
cedure uses a manual vacuum breast pump to obtain
breast fluid from the duct openings of the nipple after
oxytocin nasal spray stimulation [22, 23]. While results
from ongoing studies investigating the potential role of
biomarkers found in NAF await [24—26], it is vital to
investigate the tolerability of NFA by the most relevant
stakeholders: women.

We previously published the feasibility results of
(repeated) NFA in separate cohorts of healthy women
[22] and high-risk women [23, 27], including adher-
ence to study visits and discomfort associated with
the procedure. Here, we provide an update of the dis-
comfort scores of NFA, now also compared to blood
draw, in three cohorts at different stages of the breast
cancer care pathway: healthy women at population risk
undergoing population screening, women diagnosed
with breast cancer and high-risk women undergoing
intense surveillance.
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Materials and Methods

Study cohorts, setting and ethics

Three cohorts of women were included in the present
analysis: healthy women, women with breast cancer and
women at high-risk of developing breast cancer. These
cohorts are all part of the Dutch Nipple Aspirate Fluid
project [24-26, 28]. Healthy women and women with
breast cancer underwent one study visit, whereas high-
risk women underwent sequential visits with a prefer-
ential regularity of 1 year in between, according to the
Dutch national screening guidelines.

Inclusion of the healthy cohort [26] was started in
August 2017 and closed in February 2021. Only women
who were 45 years or older, did not have breast cancer
and were not at increased risk for developing breast can-
cer according to personal and familial history were eli-
gible. Women were recruited by word of mouth, radio
announcement and flyers at general practitioner offices,
the University Medical Center Utrecht (UMCU) hospital,
breast cancer screening units and blood banks, amongst
others. A total of 190 women were included.

In the second cohort, breast cancer patients [25] were
included from January 2017 until March 2021. Patients
were identified at multidisciplinary expert team meet-
ings of four hospitals: UMC Utrecht, Alexander Monro
hospital, Diakonessenhuis hospital and Alrijne hospital.
Patients having untreated primary invasive breast cancer
were eligible to participate. A total of 137 women were
included.

Women at high risk of developing breast cancer and
undergoing routine surveillance were included in the
high-risk cohort [24] between May 2017 and February
2020; yearly study visits were performed until March
2021 at the UMC Utrecht. This subcohort (n=48) of
high-risk women was selected based on overlapping
study participation period with the healthy and breast
cancer cohorts and comprises consecutive inclusions
of high-risk women, except for two women with a his-
tory of invasive breast cancer, who were excluded from
the analyses. Participants were informed about the study
at the outpatient clinics of the genetics department and
familial cancer clinic in the UMC Utrecht. Inclusion cri-
teria comprised having a cumulative lifetime risk (LTR)
higher than 20% estimated at the genetics department at
the time of inclusion [29] as described in Table S1.

Exclusion criteria for all cohorts comprised active
breast infection, pregnancy and lactation. See File S1
for specified inclusion and exclusion criteria per cohort.
Written informed consent was obtained from all partici-
pants and the ethical review boards within the partici-
pating hospitals approved the studies (NL41845.041.12,
NL57343.041.16 and NL11690.041.06).
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Nipple fluid aspiration and blood collection

Study visits were carried out by trained research
nurses, and included NFA, phlebotomy and question-
naires. Performing NFA requires a short practical train-
ing and can be easily learned. Participants were asked
to apply an anesthetic cream onto the nipple covered
with an occlusive plaster prior to the study visits (for
at least one hour), to minimize discomfort due to the
NFA. At the study visit, participants were seated in an
upright position. The trained research nurse cleansed
the breast, smeared a scrub gel to remove any occluding
keratin plugs and disinfected the nipple with alcohol.
This was followed by inhalation of one spray of oxy-
tocin nasal spray in both nostrils, in a dose of 4 IU per
spray, to stimulate NAF flow towards the nipple. Subse-
quently, a suction cup (also known as modified Sarto-
rius cup [30]) was placed over the nipple attached to a
plastic tube and a 50 cc syringe (Figure Sla). Repeated
gentle plunger withdrawal of the syringe created a vac-
uum around the breast and led to the flow of NAF to
the nipple surface. When a droplet appeared, the cup
was detached and the fluid droplets were collected from
the nipple surface using glass capillaries (Figure S1b).
The procedure was defined as successful when drop-
lets were visible on the nipple surface and could be col-
lected. A total of three attempts were performed within
a maximum of 20 min per breast. Vacuum suction was
then repeated on the other breast. The obtained nip-
ple fluid was air flushed with a pipet from the capillary
into barcoded biobanking tubes, after which the capil-
lary was flushed with 10 ul of RLT plus buffer (Qiagen,
Venlo, The Netherlands; supplemented with 1:100 v/v
beta-mercaptoethanol) to remove all remnants from
the capillary wall. The volume of the sample was then
estimated by comparing the NAF (including buffer)
volume obtained with the volume in biobanking tubes
previously prepared with several predefined volumes
(10 pL, 20 pL, 30 pL, 40 pL and 50 pL). Samples were
immediately stored at -80 °C. NAF characteristics like
volume, color and viscosity [31], together with duration
of NFA, who performed the NFA and the breast side
order of NFA procedure were registered.

Blood was collected by phlebotomy in the median
cubital vein. After collection, serum (in BD Vacu-
tainer SST II Advance tubes) and plasma (in BD Vacu-
tainer K2E (EDTA) tubes) were processed within 1 h
by centrifugation at 1500 x g for 20 min. Aliquots of
serum (n=10) and plasma (#=6) were immediately
biobanked at -80°C. Blood collection was initially not
part of the high-risk cohort study protocol, and hence,
not included in the discomfort assessment of our previ-
ous studies [22, 23, 27].
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Questionnaire

After blood and bilateral NAF collection, participants
completed a discomfort questionnaire that we adapted
from a questionnaire first described by Klein et al.[22,
23, 27, 32]. Discomfort regarding NFA, blood collec-
tion, breast surveillance techniques (mammography and
breast MRI), breast physical exam and breastfeeding was
scored on a scale from zero (no discomfort) to ten (worst
discomfort imaginable); see File S2. Breastfeeding and
breast physical exam were included as a means of com-
parison; the first because it is comparable to the NFA
procedure and as such might cause a similar discom-
fort, the latter because the breast exposure by itself can
cause discomfort. It was chosen to evaluate discomfort
rather than pain to facilitate comparison with our previ-
ous studies, but also due to its applicability for all these
techniques and circumstances as the word ‘discomfort’
engulfs more (implicit) aspects such as e.g. embarrass-
ment and duration of a technique. For instance, dis-
comfort associated to a breast physical exam is possibly
associated to breast exposure and physical contact; pain
would not be an applicable measure to assess this varia-
ble. Additional questions comprised whether participants
would undergo the NFA procedure again and recom-
mend it to others. In 2019, the question whether partici-
pants would accept NFA as a screening tool was added to
the questionnaires.

Statistical analyses

Statistical analyses were performed using IBM SPSS Sta-
tistics for Windows version 25.0.0.2 (IBM Corp., Orchard
Road Armonk, New York, US) and GraphPad Prism for
Windows version 8.0 (GraphPad Software, La Jolla, Cali-
fornia, US). A two-tailed p-value<0.05 was considered
statistically significant. Data are presented as median
with interquartile range (IQR) or mean with standard
deviation (SD) when appropriate for continuous data,
and counts with percentages for categorical data. Nor-
mality of data distribution was evaluated by Kolmogo-
rov—Smirnov test.

The chi-square test was used to compare the binary
variables breastfeeding, mammography, breast MRI,
blood collection, breast MRI, breast physical exam (yes
vs. no) between cohorts. The Mann Whitney test was
used to compare age between cohorts. The Mann—Whit-
ney test was used to compare median discomfort of NFA
with the median discomforts of breastfeeding, breast
physical exam, mammography, breast MRI and blood
collection. Violin plots were made in GraphPad to dis-
play experienced discomfort distribution and medians. In
the high-risk cohort, discomfort scores of the first study
visit were included in the analyses. The Hodges-Lehmann
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Estimate (HLE) [33] was used to compare the median
discomfort of NFA with the discomfort of mammog-
raphy, breast MRI, blood collection, breastfeeding and
breast physical exam and significance was calculated with
Wilcoxon signed rank test. Discomfort scores between
study visits in the high-risk participants were compared
by Wilcoxon signed ranks tests. Of note, the variable
now used to report discomfort of NFA was defined as
the discomfort experienced by the vacuum created by the
modified breast pump, while in our previous studies we
reported mean discomfort of several aspects of the study
visit, including discomfort of waiting, filling in a ques-
tionnaire, NFA and the nose spray [27].

The Spearman’s test was used to investigate correlation
between discomfort scores with age, parity, breastfeed-
ing, duration of breastfeeding, history of spontaneous
nipple fluid discharge, breast size, use of contraception,
age at menarche, menopausal status, NAF sample vol-
ume, duration of the NFA and successful NFA (at least
one droplet). A significance value below<0.05 was
deemed necessary to indicate a correlation and a mini-
mum of 0.7 was considered a lower bound value to indi-
cate a strong correlation between variables. For logistic
regression analyses, the enter method was used and NFA
discomfort was dichotomized into ‘no discomfort’ (scores
0-3) and ‘discomfort’ (scores 4—10). A significance value
below <0.05 was deemed necessary for a variable to indi-
cate a relevant effect on NFA discomfort.

Results

Cohort characteristics

A total of 375 women of three cohorts were included in
the study (Table 1). Median age was 54 years old (IQR
47-62). A total of 250 women had experienced a breast
physical exam, 254 had breastfed, 319 had undergone a
mammography, 114 a breast MRI and 358 underwent a
blood draw in the context of the study visit (Table 1).

Table 1 Cohort characteristics
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Women in the healthy volunteer and breast cancer
cohorts were significantly older than women in the high-
risk cohort (both p<0.001; Table 1). In the three cohorts,
the majority of women had undergone a mammography
(Table 1). Only 2% of the women in the healthy volunteer
cohort had experienced a breast MRI, whereas 56% of the
breast cancer cohort and 72% of the high-risk cohorts
had undergone a breast MRI. Blood was obtained in
95.5% of all participants.

In the three cohorts, the majority of women were
parous (83%, 82% and 62% of women in the healthy,
breast cancer and high-risk cohorts, respectively) (Table
S2). From the parous women, 89%, 81% and 87% had
breastfed in the healthy, breast cancer and high-risk
cohorts, respectively. Most of the women in the breast
cancer cohort (82%) and high-risk cohort (86%) had
experienced a breast physical exam, in contrast to the
healthy volunteers, of whom 48% had undergone a breast
physical exam.

Within the high-risk cohort, participants underwent
a NFA between 1 to 4 times (median study visits=1,
IQR=1-2) with a median time of one year in between
visits (median 384 days; IQR 363-499).

Discomfort of nipple fluid aspiration compared

to mammography, breast MRI, blood collection, breast
physical exam and breastfeeding

Overall, NFA discomfort scored a median of 1 on a scale
from 0-10. NFA discomfort scores were significantly
lower compared to breastfeeding (median=2; p=0.001),
breast MRI (median=3, p<0.001) and mammography
(median=5; p<0.001); NFA scores were nevertheless
significantly higher compared to discomfort of blood
collection (median=0; p<0.001; see Fig. 1 and Table
$3). There was no significant difference between the dis-
comfort experienced by NFA and a breast physical exam
(median=2; p=0.057). These results were confirmed

Cohort All Healthy Breast cancer cohort  High-risk cohort  Pvalue Pvalue P value
volunteers HCvs.BC BCvs.HR HCvs.HR
cohort

n 375 190 137 48

Age, median (Q25-Q75) 54 (47-62) 54 (49-60) 56 (49.5-67.5) 36 (27-48) 0.093 <0.001 <0.001

Mammography, n 319 154 (81%) 137(100%) 31 (62%) <0.001 <0.001 <0.002

Breast MRI, n 114 3(2%) 76 (56%) 36 (72%) <0.001 0.034 <0.001

Blood collection, n 358 184 (96.8%) 130 (94.9%) 44 (91.7%) 0.950 0.082 0.064

Breast physical examination,n 250 92 (48%) 112 (82%) 43 (86%) <0.001 0.563 <0.001

Ever breastfed, n 254 139 (73%) 91 (66%) 27 (56%) 0.245 <0.001 <0.001

In the high-risk cohort, only data from the first visit was considered for this baseline table. Abbreviations: Q25-Q75 Inter-quartile range between quartile 25 and
quartile 75, MRI Magnetic resonance imaging, HC Healthy volunteers cohort, BC Breast cancer cohort, HR High-risk cohort
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Fig. 1 Discomfort of nipple fluid aspiration (NFA) compared to mammography, breast MRI, blood collection, breast physical exam and
breastfeeding, in all cohorts. The thickened line in each violin plot represents the median. Abbreviations and symbols: MRI: magnetic resonance
imaging; ns: not significant; **** p-value <0.0001; ** p-value <0.01 statistically significant. Significances were calculated with the Mann Whitney U

with a Hodges-Lehmann Estimate analysis (HLE, Table
S4). To put these data in perspective, 72% and 41% of the
women gave a discomfort score of 4 or higher to mam-
mography and breast MRI, respectively, whereas this was
only the case for 21% of the women regarding NFA (Table
S5).

NFA was assigned a significantly lower discomfort
score in the healthy volunteers cohort (median=1)
and the breast cancer cohort (median=1), compared
to the median NFA score of 3 in the high-risk cohort
(»=0.005) (Table S3). To understand whether this
could be related to other variables, correlation analy-
ses were performed, but there were no clinically rel-
evant correlations between baseline factors and NFA
discomfort (all rho/coefficients < 0.3, Table S6). As the
high-risk cohort had a significant younger age com-
pared to the other cohorts, discomfort scores between
cohorts were then compared, correcting for age, with a
hierarchical logistic regression analysis. With this cor-
rection, there was no significant difference between
cohorts regarding NFA discomfort scores (Table S7). A
stratification analysis by age groups further supported
this as it showed that NFA discomfort medians signifi-
cantly diminish with older age (p<0.001, Table S8a).
As such, the higher discomfort scores of NFA in high-
risk women could at least partly be explained by their
younger age. The higher tolerability of older women to
undergo NFA is also strengthened by the fact that NFA
duration was significantly longer for postmenopausal

women compared to premenopausal women (Table
S8b).

Within cohorts, discomfort of NFA was consistently
lower than in the case of mammography (p<0.0001
in the three cohorts) and breast MRI (p<0.008 and
»<0.0001 in the high-risk and breast cancer cohort,
respectively). NFA discomfort was consistently higher
than blood collection (p<0.002) within cohorts. Dis-
comfort regarding breastfeeding and breast physi-
cal exam was not significantly different compared to
the discomfort rates of NFA within the breast cancer
cohort and the high-risk cohort (Table S3).

Repeated NFAs in high-risk participants did not sig-
nificantly affect the NFA discomfort score (Table S9).
Almost all participating women would opt for repeated
NFA (98%, n=311/318) and would recommend NFA
to others (97%, n=308/317). Additionally, we asked
whether women would endorse NFA in the context
of screening, and most responses were positive (95%,
n=36/38), if proven effective (Table S10). In the high-
risk group, 13 women dropped out (27%) due to breast
cancer diagnosis, bilateral prophylactic mastectomy
or because they found NFA unpleasant or were disap-
pointed by the volume obtained, amongst other rea-
sons (Table S11). Reported adverse events in all cohorts
were rare (2% of all the NFA procedures) and self-lim-
iting. These comprised fainting after blood collection
or NFA, hematoma, headache and abdominal cramps
(Table S12).
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Discussion

Early involvement of women in research related to the
development of new breast cancer screening tools is
essential. One upcoming line of investigation involves
the integration of liquid biopsies as a minimally inva-
sive, safe and sensitive additive early detection tool [16,
17, 34]. Even though there is a great number of articles
on the subject of biomarkers in liquid biopsies for early
detection of breast cancer, there are almost no studies
reporting the women’s perspectives about the differ-
ent aspects that come with the scenario of introduc-
ing liquid biopsies in screening. Here, we assessed how
women from three different cohorts (healthy women
undergoing or about to undergo population screening,
women diagnosed with breast cancer and women at
high risk of breast cancer undergoing intensive surveil-
lance) experienced liquid biopsy acquisition (NAF and
blood) in comparison to breast imaging.

Discomfort experienced during the NFA technique
was significantly lower (median 1) than the discomfort
experienced from the conventional screening/diag-
nostic tools mammography and breast MRI. The dis-
comfort scores presented here are comparable to our
previous reports in other cohorts of healthy women
[22] and high-risk women [23, 27] (mean discomfort
of 1.3, 0.6 and 0.71, respectively). Another study from
Klein et al. [32] reported a higher score (median=2;
range=1-7) for the discomfort associated to NFA
compared to the cohorts in the present study, when
taken together. Those higher scores were acquired from
a cohort with fewer and younger women (25 healthy
women with a mean age of 38 years old) compared
to our three cohorts altogether. Since we show that
younger age is associated with higher NFA discomfort,
this might explain the observed difference in discom-
fort. Within all cohorts, NFA had consistently signifi-
cantly lower discomfort scores than mammography
and breast MRI which are now widely used screening/
diagnostic techniques. Given the overall low discomfort
scores, NFA, could be widely applicable for the general
female population.

As a means of comparison between liquid biopsies,
discomfort of blood collection, the most regular applied
source of liquid biopsy, was taken along in our analyses.
Blood collection is a fast, widely performed and accepted
procedure that only requires exposure of the arm. As
such, its discomfort scored unsurprisingly the lowest.
Still, the advantages of NAF as a valuable information
source for biomarkers about alterations in intraductal
health, together with information about breast side and
intra-patient control, have the potential to surpass the
advantages of blood-based biomarkers. Such studies are
under way [24—-26].
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The high (intended) willingness of the women in our
cohorts to participate again is consistent with our pre-
vious studies [22, 23, 27]. Interestingly, a recently pub-
lished questionnaire-based study reported data of 3178
women about awareness, information and preferences
about breast cancer screening, including questions
regarding knowledge about nipple aspirate fluid [35].
When asked about their willingness to produce NAF
samples themselves at home, over 70% of the respond-
ents would be willing to do so. The great majority of
the respondents in this study were under the age of 50
and had never underwent a NFA themselves and 88%
had never heard or were not aware of nipple fluid aspi-
ration. One other study showed that there is a great
willingness of women to provide liquid biopsies (blood
and saliva) for biobanking at the time of breast can-
cer screening [36]. Altogether, these studies show that
the use of nipple aspirate samples, including the NFA
approach, would be very well accepted by women and
is complementary to our data from women who under-
went NFA.

The presented results might be influenced by self-selec-
tion bias. That is, by participating in the study, women
are already willing to collect NAF and blood. Similarly,
women who previously experienced a high discomfort
during mammography and/or breast MRI, could be more
motivated to participate in our study. Still, our discomfort
scores for mammography are in line with the reported
means for pain in other studies, which vary between 4
and 7 (scale 0—10) [37-39]. While discomfort associated
to mammography is mostly associated to pain provoked
by the plates that compress the breasts, discomfort asso-
ciated to breast MRI is a result of intravenous contrast
injection and lying on an MRI table while being subject
to intermittent loud noises for about one hour [40-44].
And while these breast imaging disadvantages have been
reported by women who have undergone these imaging
techniques, it could be a reason for women to not comply
to screening. As such, low discomfort associated to liquid
biopsy acquisition could possibly represent an opportu-
nity to offer a surveillance alternative at a low threshold
for women who experience the imaging techniques as a
burden.

Conclusions

In summary, NFA and blood collection are simple, mini-
mally invasive, repeatable methods that are very well
accepted and endured by women. The great majority of
participating women would undergo NFA again in the
context of research and screening. These data indicate
that a liquid biopsy biomarker-based (repeated) surveil-
lance testing tool could be well received by women.



Patuleia et al. BMC Cancer (2022) 22:705

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512885-022-09795-8.

Additional file 1. Figure S1a. Picture of syringe attached to the plastic
tube on one end and to the plastic cup on the other end.

Additional file 2. Figure S1b. Picture of a glass capillary used to collect
nipple fluid droplets.

Additional file 3. File S1. Eligibility criteria per cohort.
Additional file 4. Supplementary File 2. Discomfort questionnaire

Additional file 5. Supplementary Tables 1-12. (S1) Inclusion reason in
the high-risk cohort, (S2) Cohort characteristics in breast cancer, healthy

(NFA) compared to breast physical exam, breastfeeding, mammography,
breast MRI and blood collection in the breast cancer cohort, healthy
volunteers cohort and high-risk cohort, (54) Hodges-Lehmann Estimate
(HLE) of discomfort scores for nipple fluid aspiration (NFA), mammogra-

of 5 or above for NFA, mammography, breast MRI, breast physical exam,
breastfeeding and blood collection, (S6) Correlation tests comparing
NFA discomfort with other variables and significance values from the
linear regression analyses, (57) Logistic regression showing that, when
corrected for age, NFA discomfort scores are not significantly different
between cohorts, (S8a) Nipple fluid aspiration discomfort scores by

age in all cohorts, (58b) Median duration of nipple fluid aspiration by
menopausal status in all cohorts, (S9) Association between discomfort
NFA and repeated NFA in the high-risk cohort, (S10) Response of women
in all cohorts and specifically in the breast cancer, healthy volunteers
and high-risk cohorts,(S11) Drop-out reasons in high-risk cohort, (§12)
Adverse events in all cohorts and specifically in the breast cancer, healthy
volunteers and high-risk cohorts.

volunteers and high-risk cohorts, (S3) Discomfort of nipple fluid aspiration

phy, breast MR, breast physical exam, breastfeeding and blood collection,
(S5) Percentage of women of all cohorts who reported a discomfort score

Acknowledgements

The authors are greatly indebted to all women who participated in the study.

Authors’ contributions

Conceptualization, S.I.S.P; methodology, S.I.S.P; formal analysis, S.LS.P;
resources, PvD. and E.vdW, data curation, S.1.S.P, JK,; writing—original draft
preparation, S.LS.P; writing—review and editing, all authors; visualization,

S.S.P; supervision, KM.P, CB.M.,; project administration, S.1.S.P; funding acquisi-
tion, PvD. and E.vdW. All authors have read and agreed to the final version of

the manuscript.

Funding
PJ. van Diest received funding from a private donor (Mr. H) and a private
foundation (Foundation M).

Availability of data and materials

The authors confirm that the data supporting the findings of this study are
available within the article and its supplementary materials.

Declarations

Ethics approval and consent to participate
The study was conducted in accordance with the Declaration of Helsinki,

and approved by the Institutional Review Boards of all participating hospitals

(NL41845.041.12,NL57343.041.16 and NL11690.041.06). Written informed
consent was obtained from all subjects involved in the study.

Consent for publication
not applicable.

Page 7 of 8

Competing interests

The authors declare no conflict of interest. The funders had no role in the
design of the study, in the collection, analyses or interpretation of data, in the
writing of the manuscript or in the decision to publish the results.

Author details

'Department of Pathology, University Medical Center Utrecht, Utrecht
University, Utrecht, The Netherlands. 2Department of Medical Oncology, Uni-
versity Medical Center Utrecht, Utrecht University, Utrecht, The Netherlands.
3Department of Surgery, Diakonessenhuis Utrecht, Utrecht, The Netherlands.
“Department of Surgery, Erasmus MC Cancer Institute, Rotterdam, The Nether-
lands. >Department of Surgery, Alrijne Hospital, Leiderdorp, The Netherlands.
5Department of Medical Oncology, Erasmus MC Cancer Institute, Rotterdam,
The Netherlands. ’Division Laboratories, Pharmacy and Biomedical Genetics,
Dept. of Genetics, University Medical Center Utrecht, Utrecht University,
Utrecht, The Netherlands.

Received: 20 February 2022 Accepted: 16 June 2022
Published online: 27 June 2022

References

1.

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et al.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021;71(3):209-49.

Saadatmand S, Bretveld R, Siesling S, Tilanus-Linthorst MM. Influence of
tumour stage at breast cancer detection on survival in modern times:
population based study in 173,797 patients. BMJ. 2015;351: h4901.
Sopik V, Nofech-Mozes S, Sun P, Narod SA. The relationship between local
recurrence and death in early-stage breast cancer. Breast Cancer Res
Treat. 2016;155(1):175-85.

Borstkanker in Nederland - trends 1989-2019 gebaseerd op cijfers uit

de Nederlandse Kankerregistratie https://iknl.nl/getmedia/2f489dc8-
a103-4fd6-89fe-e266e589366f/borstkanker-in-nederland_flyer_2020.pdf.
Accessed March 25 2021.

FMS. Federatie Medisch Specialisten. Borstkanker - Screening binnen het
BOB https://richtlijnendatabase.nl/richtlijn/borstkanker/screening/scree
ning_binnen_het_bob.html. Accessed July 5 2021.

FMS. Federatie Medisch Specialisten. Borstkanker - Screening buiten het
BOB https://richtlijnendatabase.nl/richtlijn/borstkanker/screening/scree
ning_buiten_het_bob.html. Accessed July 5 2021.

Schunemann HJ, Lerda D, Quinn C, Follmann M, Alonso-Coello P, Rossi
PG, Lebeau A, Nystrom L, Broeders M, loannidou-Mouzaka L, Duffy SW,
Borisch B, Fitzpatrick P, Hofvind S, Castells X, Giordano L, Canelo-Aybar C,
Warman S, Mansel R, Sardanelli F, Parmelli E, Grawingholt A, Saz-Parkinson
Z, European Commission Initiative on Breast Cancer Contributor G. Breast
Cancer Screening and Diagnosis: A Synopsis of the European Breast
Guidelines. Ann Intern Med. 2020;172(1):46-56.

Oeffinger KC, Fontham ET, Etzioni R, Herzig A, Michaelson JS, Shih YC,
Walter LC, Church TR, Flowers CR, LaMonte SJ, Wolf AM, DeSantis C,
Lortet-Tieulent J, Andrews K, Manassaram-Baptiste D, Saslow D, Smith RA,
Brawley OW, Wender R, American CS. Breast Cancer Screening for Women
at Average Risk: 2015 Guideline Update From the American Cancer
Society. JAMA. 2015;314(15):1599-614.

Siu AL, Force USPST. Screening for Breast Cancer: US Preventive

Services Task Force Recommendation Statement. Ann Intern Med.
2016;164(4):279-96.

Ebell MH, Thai TN, Royalty KJ. Cancer screening recommendations: an
international comparison of high income countries. Public Health Rev.
2018;39:7.

. NICE. National Institute for Health and Care Excellence - Early detection of

breast cancer by surveillance https://www.nice.org.uk/guidance/cg164/
ifp/chapter/early-detection-of-breast-cancer-by-surveillance#:~:text=
1f%20you%20have%20breast%20cancer,have%20a%20faulty%20TP53%
20gene. Accessed July 5 2021.

Heemskerk-Gerritsen BAM, Jager A, Koppert LB, Obdeijn Al, Collee M,
Meijers-Heijboer HEJ, Jenner DJ, Oldenburg HSA, van Engelen K, de Vries
J,van Asperen CJ, Devilee P, Blok MJ, Kets CM, Ausems M, Seynaeve C,
Rookus MA, Hooning MJ. Survival after bilateral risk-reducing mastectomy


https://doi.org/10.1186/s12885-022-09795-8
https://doi.org/10.1186/s12885-022-09795-8
https://iknl.nl/getmedia/2f489dc8-a103-4fd6-89fe-e266e589366f/borstkanker-in-nederland_flyer_2020.pdf
https://iknl.nl/getmedia/2f489dc8-a103-4fd6-89fe-e266e589366f/borstkanker-in-nederland_flyer_2020.pdf
https://richtlijnendatabase.nl/richtlijn/borstkanker/screening/screening_binnen_het_bob.html
https://richtlijnendatabase.nl/richtlijn/borstkanker/screening/screening_binnen_het_bob.html
https://richtlijnendatabase.nl/richtlijn/borstkanker/screening/screening_buiten_het_bob.html
https://richtlijnendatabase.nl/richtlijn/borstkanker/screening/screening_buiten_het_bob.html
https://www.nice.org.uk/guidance/cg164/ifp/chapter/early-detection-of-breast-cancer-by-surveillance#:~:text=If%20you%20have%20breast%20cancer,have%20a%20faulty%20TP53%20gene
https://www.nice.org.uk/guidance/cg164/ifp/chapter/early-detection-of-breast-cancer-by-surveillance#:~:text=If%20you%20have%20breast%20cancer,have%20a%20faulty%20TP53%20gene
https://www.nice.org.uk/guidance/cg164/ifp/chapter/early-detection-of-breast-cancer-by-surveillance#:~:text=If%20you%20have%20breast%20cancer,have%20a%20faulty%20TP53%20gene
https://www.nice.org.uk/guidance/cg164/ifp/chapter/early-detection-of-breast-cancer-by-surveillance#:~:text=If%20you%20have%20breast%20cancer,have%20a%20faulty%20TP53%20gene

Patuleia et al. BMC Cancer

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33

34

(2022) 22:705

in healthy BRCAT and BRCA2 mutation carriers. Breast Cancer Res Treat.
2019;177(3):723-33.

IKNL. Integraal Kankercentrum Nederland - Borstkanker in Nederland
https://iknl.nl/getmedia/66740392-399a-43f9-8366-b4f51ade7b09/IKNL_
Rapport-Borstkanker-in-Nederland-sept2020.pdf. Accessed July 5 2021.
Patuleia SIS, Suijkerbuijk KPM, van der Wall E, van Diest PJ, Moelans CB.
Nipple aspirate fluid at a glance. Cancers (Basel). 2021;14(1):159.

Heitzer E, Haque IS, Roberts CES, Speicher MR. Current and future per-
spectives of liquid biopsies in genomics-driven oncology. Nat Rev Genet.
2019;20(2):71-88.

Zubor P, Kubatka P, Kajo K, Dankova Z, Polacek H, Bielik T, et al. Why the
gold standard approach by mammography demands extension by
multiomics? Application of liquid biopsy miRNA profiles to breast cancer
disease management. Int J Mol Sci. 2019;20(12):2878.

Shaheed SU, Tait C, Kyriacou K, Linforth R, Salhab M, Sutton C. Evaluation
of nipple aspirate fluid as a diagnostic tool for early detection of breast
cancer. Clin Proteomics. 2018;15:3.

Mendat CC, Mislan D, Hession-Kunz L. Patient comfort from the technolo-
gist perspective: factors to consider in mammographic imaging. Int J
Womens Health. 2017,9:359-64.

Van Goethem M, Mortelmans D, Bruyninckx E, Verslegers |, Biltjes I, Van
Hove E, De Schepper A. Influence of the radiographer on the pain felt
during mammography. Eur Radiol. 2003;13(10):2384-9.

Papanicolaou GN, Holmquist DG, Bader GM, Falk EA. Exioliative cytology
of the human mammary gland and its value in the diagnosis of cancer
and other diseases of the breast. Cancer. 1958;11(2):377-409.

Kitchen FL, Cox CM. Papanicolaou Smear. Treasure Island: StatPearls; 2021.
Suijkerbuijk KP, van der Wall E, van Diest PJ. Oxytocin: bringing magic into
nipple aspiration. Ann Oncol. 2007;18(10):1743-4.

Suijkerbuijk KP, van der Wall E, Meijrink H, Pan X, Borel Rinkes IH, Ausems
MG, van Diest PJ. Successful oxytocin-assisted nipple aspiration in women
at increased risk for breast cancer. Fam Cancer. 2010;9(3):321-5.
Netherlands Trial Register: Trial NL8661. NAF study: early detection of
hereditary breast cancer by monitoring microRNA expression in nipple
aspirate fluid. https://www.trialregister.nl/trial/8661. Accessed July 5 2021.
Netherlands Trial Register: Trial NL6031. The ORNAMENT study: A multi-
center, crOss sectional, study to assess microRNA expression in Nipple
Aspirated Fluid, blood and tuMor material in women with primary brEast
caNcer compared with healthy conTrols. https.//www.trialregister.nl/trial/
6031. Accessed July 5 2021.

Netherlands Trial Register: Trial NL8987. Breast Cancer Biomarkers in Nip-
ple Aspirate Fluid and Blood in Healthy Women. https://www.trialregister.
nl/trial/8987. Accessed July 5 2021.

de Groot JS, Moelans CB, Elias SG, Hennink A, Verolme B, Suijkerbuijk KP,
Jager A, Seynaeve C, Bos P, Witkamp AJ, Ausems MG, van Diest PJ, van der
Wall E. Repeated nipple fluid aspiration: compliance and feasibility results
from a prospective multicenter study. PLoS ONE. 2015;10(5): e0127895.
Patuleia SIS, Hagenaars SC, Moelans CB, Ausems M, van Gils CH, Tol-
lenaar R, van Diest PJ, Mesker WE, van der Wall E. Lessons Learned from
Setting Up a Prospective, Longitudinal, Multicenter Study with Women

at High Risk for Breast Cancer. Cancer Epidemiol Biomarkers Prev.
2021,30(3):441-9.

van Asperen CJ, Jonker MA, Jacobi CE, van Diemen-Homan JE, Bakker

E, Breuning MH, van Houwelingen JC, de Bock GH. Risk estimation for
healthy women from breast cancer families: new insights and new strate-
gies. Cancer Epidemiol Biomarkers Prev. 2004;13(1):87-93.

Sartorius OW. The biochemistry of breast cyst fluids and duct secretions.
Breast Cancer Res Treat. 1995;35(3):255-66.

Patuleia SIS, van der Wall E, van Gils CH, Bakker MF, Jager A, Voorhorst-
Ogink MM, van Diest PJ, Moelans CB. The changing microRNA landscape
by color and cloudiness: a cautionary tale for nipple aspirate fluid
biomarker analysis. Cell Oncol (Dordr). 2021;44(6):1339-49.

Klein P, Glaser E, Grogan L, Keane M, Lipkowitz S, Soballe P, Brooks L,
Jenkins J, Steinberg SM, DeMarini DM, Kirsch . Biomarker assays in nipple
aspirate fluid. Breast J. 2001,7(6):378-87.

Rosenkranz GK. A note on the Hodges-Lehmann estimator. Pharm Stat.
2010,9(2):162-7.

European Liquid Biopsies Academy - Towards widespread clinical applica-
tion of blood- based diagnostic tools https://cordis.europa.eu/project/id/
765492. Accessed July 5 2021.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Page 8 of 8

Jiwa N, Takats Z, Leff DR, Sutton C. Breast health screening: a UK-wide
questionnaire. BMJ Nutr Prev Health. 2021;4(1):206-12.

Lee Cl, Bassett LW, Leng M, Maliski SL, Pezeshki BB, Wells CJ, Man-

gione CM, Naeim A. Patients’willingness to participate in a breast

cancer biobank at screening mammogram. Breast Cancer Res Treat.
2012;136(3):899-906.

Jeukens C, van Dijk T, Berben C, Wildberger JE, Lobbes MBI. Evaluation of
pressure-controlled mammography compression paddles with respect
to force-controlled compression paddles in clinical practice. Eur Radiol.
2019;29(5):2545-52.

de Groot JE, Branderhorst W, Grimbergen CA, den Heeten GJ, Broeders
MJM. Towards personalized compression in mammography: a compari-
son study between pressure- and force-standardization. Eur J Radiol.
2015;84(3):384-91.

LETB: Resultaten bevolkingsonderzoek borstkanker 2019 (over
2004-2014) https://www.rivm.nl/documenten/letb-resultaten-bevol
kingsonderzoek-borstkanker-2019-over-2004-2014. Accessed December
212021.

de Lange SV, Bakker MF, Monninkhof EM, Peeters PHM, de Koekkoek-Doll
PK, Mann RM, Rutten M, Bisschops RHC, Veltman J, Duvivier KM, Lobbes
MBI, de Koning HJ, Karssemeijer N, Pijnappel RM, Veldhuis WB, van Gils
CH. Reasons for (non)participation in supplemental population-based
MRI breast screening for women with extremely dense breasts. Clin
Radiol. 2018;73(8):759 e1-759 €9.

Brandzel S, Rosenberg DE, Johnson D, Bush M, Kerlikowske K, Onega T,
Henderson L, Nekhlyudov L, DeMartini W, Wernli KJ. Women'’s experi-
ences and preferences regarding breast imaging after completing breast
cancer treatment. Patient Prefer Adherence. 2017;11:199-204.

Berg WA, Blume JD, Adams AM, Jong RA, Barr RG, Lehrer DE, Pisano ED,
Evans WP 3rd, Mahoney MC, Hovanessian Larsen L, Gabrielli GJ, Mendel-
son EB. Reasons women at elevated risk of breast cancer refuse breast MR
imaging screening: ACRIN 6666. Radiology. 2010;,254(1):79-87.

Geuzinge HA, Heijnsdijk EAM, Obdeijn IM, de Koning HJ, Tilanus-Linthorst
MMA, Fa Msg. Experiences, expectations and preferences regarding MRI
and mammography as breast cancer screening tools in women at familial
risk. Breast. 2021;56:1.

Hutton J, Walker LG, Gilbert FJ, Evans DG, Eeles R, Kwan-Lim GE, Thomp-
son D, Pointon LJ, Sharp DM, Leach MO, Study UKSGfMSiWaHR. Psycho-
logical impact and acceptability of magnetic resonance imaging and
X-ray mammography: the MARIBS Study. Br J Cancer. 2011;104(4):578-86.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://iknl.nl/getmedia/66740392-399a-43f9-8366-b4f51ade7b09/IKNL_Rapport-Borstkanker-in-Nederland-sept2020.pdf
https://iknl.nl/getmedia/66740392-399a-43f9-8366-b4f51ade7b09/IKNL_Rapport-Borstkanker-in-Nederland-sept2020.pdf
https://www.trialregister.nl/trial/8661
https://www.trialregister.nl/trial/6031
https://www.trialregister.nl/trial/6031
https://www.trialregister.nl/trial/8987
https://www.trialregister.nl/trial/8987
https://cordis.europa.eu/project/id/765492
https://cordis.europa.eu/project/id/765492
https://www.rivm.nl/documenten/letb-resultaten-bevolkingsonderzoek-borstkanker-2019-over-2004-2014
https://www.rivm.nl/documenten/letb-resultaten-bevolkingsonderzoek-borstkanker-2019-over-2004-2014

	Patient-centered research: how do women tolerate nipple fluid aspiration as a potential screening tool for breast cancer?
	Abstract 
	Background: 
	Aim: 
	Materials and methods: 
	Results: 
	Conclusion: 
	Trial registration: 

	Introduction
	Materials and Methods
	Study cohorts, setting and ethics
	Nipple fluid aspiration and blood collection
	Questionnaire
	Statistical analyses

	Results
	Cohort characteristics
	Discomfort of nipple fluid aspiration compared to mammography, breast MRI, blood collection, breast physical exam and breastfeeding


	Discussion
	Conclusions
	Acknowledgements
	References


