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A B S T R A C T   

Nipple aspirate fluid is the physiological biofluid lining ductal epithelial cells. Historically, cytology of nipple 
fluid has been the gold standard diagnostic method for assessment of ductal fluid in patients with symptomatic 
nipple discharge. The role of biomarker discovery in nipple aspirate fluid for assessment of asymptomatic and 
high-risk patients is highly attractive but evaluation to date is limited by poor diagnostic accuracy. However, the 
emergence of new technologies capable of identifying metabolites that have been previously thought uniden-
tifiable within such small volumes of fluid, has enabled testing of nipple biofluid to be re-examined. This review 
evaluates the use of new technologies to evaluate the components of nipple fluid and their potential to serve as 
biomarkers in screening.   

1. What is nipple aspirate fluid? 

Bodily fluids provide a unique window into the biological processes 
occurring within organ systems. For example, fluids from certain organs 
e.g. blood, urine and cerebrospinal fluid, enable various disease pro-
cesses to be diagnosed [1]. Nipple aspirate fluid (NAF) is the clear liquid 
produced by the lining of the nipple ductal epithelial cells (See Fig. 1). It 
is well known that the majority of breast cancers arise from the epithelial 
lining of the terminal ducts – invasive ductal carcinomas [2]. NAF 
therefore mirrors biological processes occurring in the tumour micro-
environment [3], or in high risk individuals, in the lead up to cancer [4]. 
On the contrary, only a small proportion of women with breast cancer 
present with nipple discharge as a primary symptom and it comprises 
5% of all attendances to the breast clinic [5]. Nipple discharge can be a 
presenting feature of several benign diseases, as well as physiological 
processes such as breast feeding [6]. Therefore, if mammary duct bio-
fluid is to be proven to be of value, then in the majority of women a 
system is required to obtain a nipple fluid sample. 

NAF can be expressed in women using a multitude of techniques: 
manual compression [7,8]; modified breast pumps (manual and auto-
mated) [9] and pharmacological agents (oxytocin) [10,11]. Moreover, 
this biofluid contains a number of micronutrients (tocophenols, cho-
lesterols, carotenes); hormones (oestrodiol, estrone, progesterone, 

testosterone); microRNA, microbes [12] and other proteins [8,13]. 
Despite the ongoing challenges in acquiring NAF, particularly from 
post-menopausal women [14], its potential use for cytology, genomic 
expression and metabolomic profiling makes it a powerful substrate for 
biomarker analysis in the early detection of breast cancer. 

2. The importance of NAF 

Early breast cancers no matter how small diagnosed on mammog-
raphy currently require treatment in the form of breast conserving 
surgery followed by adjuvant therapy. Nipple aspirate fluid (NAF) is the 
local biofluid bathing the ductal system and is thought to represent the 
micro-environment of a developing beast neoplasm [14,15]. The hope is 
that the assessment of NAF may enable far earlier detection than is 
currently possible with conventional diagnostic systems and may guide 
novel pathways for surveillance, particularly in younger women where 
mammography plays a limited diagnostic role. 

With early detection of breast cancer remaining a challenge, the 
National Health Service Breast Screening Program (NHSBSP) aims to 
reduce breast cancer mortality by 20%, partly through earlier detection 
of Stage 1 and 2 disease [16]. Current validated breast cancer risk 
stratification models such as the Gail and Tyrer-Cuzick models include 
gynaecological, obstetric and family history to predict the 5 
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year/life-time breast cancer risk and 10-year/lifetime breast cancer risk, 
respectively [17]. A study in 2005 [18] followed up 8000 breast-cancer 
free patients utilising the augmented Gail’s model with NAF cytology to 
determine risk of breast cancer. Authors concluded that adding NAF to 
the Gail model statistically improved accuracy within women in the top 
third of the Gail model [18]. 

Combining this evidence with the advent of new advances in NAF 
biofluid marker discovery, along with NAF’s ability to distinguish 
benign from malignant disease, therein lies an opportunity for recon-
sideration of NAF utility, not only as screening tool, but potentially as a 
bedside tool to augment traditional triple assessment or even surveil-
lance of post-operative patients in remission. 

Emerging techniques have placed diagnostic emphasis on moni-
toring young and high-risk patients. This cantake the form of ducto-
scopy, ductal lavage and the direct acquisition of nipple aspiration fluid 
(NAF) [19]. This review therefore explores the plethora of potential 
applications of nipple biofluid testing and early work undertaken thus-
far, as well as promising directions for the future. 

3. Methods of collecting nipple aspirate fluid 

When considering the optimal technique for acquiring bodily fluids 
such as nipple aspirate fluid, there are several key attributes to consider 
(see Table 1). Over the years, several methods have been trialled for the 
successful acquisition of nipple fluid. From manual palpation tech-
niques, topical treatments to automated pumps, each technique carries 
its own advantages and disadvantages (see Table 2). By way of example, 
Proctor et al. [9] reported a production rate of 38% when the automated 
pump HALO was used as the sole collection method of fluid [9] and 
slightly higher in a study by Deladisma et al. [20], (51%, 40 out of 78 
patients). Using manual compression techniques or a handheld pump 
increases yield to 40–80% [7,21]. Producibility is quoted as high as 
99.7% when used in conjunction with the ForeCyte Aspirator [22]. 

4. Methods of analyzing NAF 

Over the years, with advances in technology and explosion of the 
field of metabolomics, options for the interrogation of miniscule vol-
umes of bodily fluids have expanded to encompass a multiplicity of new 
approaches (see Fig. 2). Here we discuss past, current and newly 
developing methods for diagnosis of nipple aspirate fluid. 

5. Cytology 

Cytology has been utilised for tissue diagnosis in breast cancer for 
over 70 years [33] and the potential of regular nipple aspirate fluid 
smears as a screening tool has been evaluated by several groups, not only 
in terms of safety [25], but also reproducibility [34] and diagnostic 
accuracy [35]. A recent meta-analysis by our group in 2020 [35], 
concluded that the diagnostic accuracy of nipple fluid cytology is limited 
due to poor sensitivity secondary to a lack of cellular material. There-
fore, emerging technologies aim to surpass cytopathology as a 

Fig. 1. Anatomical representation of ductal system and nipple aspirate fluid.  

Table 1 
Summary of the key attributes required for the acquisition of nipple aspirate 
fluid.  

Key Attributes of a Nipple Fluid Yielding Technique 

Minimal side effect 
profile  

• Pain/complications not only increases the chances of 
patients being unable to tolerate the procedure, but may 
also be likely to affect the chances of blood cells being in 
the sample collected, skewing results [23]. 

Quick [24]  • Extraction methods take anywhere between 5 and 15 min. 
Easy  • Increasing the chances of being undertaken in various 

settings [24] 
Aseptic  • Therefore, minimising the chances of nipple skin flora 

contaminating the samples). 
Cheap  • Therefore reproducible on a large scale [24]. 
Readily Available  • Thus optimising likelihood of compliance/ability to self- 

acquire etc [24].  
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diagnostic and screening tool, whilst considering it’s other and advan-
tages, namely reproducibility, cost effectiveness and turnaround time. 

6. Genes 

Genetic testing plays an important role in assessing risk in breast 
cancer patients. It is therefore unsurprising that this has been 

extrapolated to nipple aspirate fluid. A decade ago, Antill et al. [36], 
assessed the hypermethylation of p13, RASSF1A, twist and RARβ using 
qualitative, real-time PCR assay [36]. P16 methylation was shown to be 
a potential predictor of BRCA1 mutation status and therefore may have a 
role in predicting future breast cancer risk. It may also be applicable to 
diagnosis as shown by De Groot et al., in 2016 [37], where methylation 
levels of 13 genes where measured in nipple fluid samples from breasts 
of healthy women, and from the affected and contralateral breasts of 
breast cancer patients. They illustrated that cancerous nipple fluid 
contains increased levels of methylation of tumour suppressor genes, 
with an AUC of 0.64 (95% CI 0.54–0.74, p < 0.01), therefore carrying 
future potential to serve as a biomarker for early breast cancer detection 
[34,36]. 

7. Proteins 

A plethora of studies have been conducted to assimilate the nipple 
aspirate proteome, thus identifying targets for biomarkers for breast 
cancer detection [7,8,13,38,39]. The scientific basis behind the inter-
rogation of the protein profile of nipple fluid is explained by the concept 
that NAF carries proteins from cancerous ducts, which may therefore 
identify protein patterns that are consistent with a developing tumour 
[40]. By way of example, Alexander et al. [38], identified candidate 
markers using matrix-assisted laser desorption ionization time-of-flight 
(ESI Q-TOF) proteomic analysis and validated the markers identified 
using quantitative, high-throughput ELISA analysis. In their cohort of 89 
patients, GCDFP-15 levels were lower and AAG levels correlated with 
presence and stage of breast cancer disease [38]. In addition, He et al. 
[39], identified a 8 protein markers which collectively gave a 89% 
specificity and 76% accuracy for distinguishing between cancer and 
non-cancer [39]. Further work on the proteome was conducted by 
Pavlou et al., in 2010 [13], utilising liquid chromatography mass spec-
trometry (LC-MS) to generate the most extensive nipple aspirate fluid 
proteome at the time. Over 800 unique proteins were successfully 
identified, of which, more than 50% of which were extracellular or 
plasma membrane proteins [13]. 

In 2015, Delmonico et al. [32], used Guthrie cards to process NAF 
proteins from 80 patients over a 3 year period. Following collection, 
proteins were separated using gel electrophoresis, excised for destain-
ing, subjected to enzymatic digestion and then analysed on an 
ESI-Q-TOF mass spectrometer. Immunoglobulins, Zn-α2-glicoprotein, 
apoliprotein D and prolactin inducible protein were among those pro-
teins identified and the method was deemed feasible for the collection of 
NAF for proteomic analysis. 

Building on earlier work on proteins, in 2017, Shaheed et al. [7] 
employed manual expression techniques to acquire NAF samples for 
proteomic analysis with 2D LC-MS separation. They revealed an average 
of 1374 proteins per sample, identifying 332 new proteins from previ-
ously seen by Pavlou et al. in NAF [7,13]. Further work must be con-
ducted in this area before testing can feasibly be used for symptomatic 
differentiation. Currently, work is limited by the strong similarity in the 
complement of proteins in matched pairs – potentially due to transport 
through cross-lymphatic drainage. This leans towards the theory that a 
patient with a diagnosis of cancer will have a metabolomic profile 
reflecting cancer changes throughout the body and therefore, their 
contralateral breast will also reflect this change. However, the argument 
against cross-lymphatic drainage is demonstrated by the fact that the 
lymphatic system is known to drain towards the axilla on the ipsilateral 
side, as evidenced by the fact that patients do not commonly get bilateral 
breast cancer. Moreover, similarities in the protein profile of the breast 
are likely to be representative of the overall metabolomic change and be 
relevant to lipids and genetic differences alike. Irrespective of this, ad-
vances have, been made with identification of the multiplicity of pro-
teins in the fluid, which had not previously been identified. Acceleration 
in discovery and validation of the proteins found will lie in improving 
success with expression and collection of nipple aspirate fluid, as well as 

Table 2 
Summary of methods of collection of nipple aspirate fluid.  

Method of Collection Advantages Disadvantages 

Automated Pump  Allows for quick 
and easy 
collection, no 
user variability 
[25].  

• 38% success rate  
• Does have a side 

effects profile [25] 
including pain, 
redness, surface 
skin lacerations 
which may limit 
its use 
commercially. 

Hand-held Manual Pump  Quick, cheap, 
easy, readily 
available, could 
be performed at 
home [26,27]. 
Less likely to 
produce adverse 
side effects as 
manually 
controlled.  

• User dependent  
• May not provide 

the same negative 
pressure as 
automated pumps. 

Manual Palpation  Quick, free, easy, 
no equipment 
required, can be 
carried out by 
either healthcare 
professional or 
the subject (8)  

• 50% success rate 
[8]  

• Mostly trialed 
under general 
anaesthetic [7] 

Ductal Lavage  High cellular 
yield [28,29]  

• Expensive, 
invasive, time- 
consuming. Re-
quires an expert 
and use of either 
local or general. 
anaesthetic [18, 
30,31].  

• Not readily 
available and 
therefore not 
commonly used. 

Nasal Oxytocin Oxytocin Nasal Spra  Easy to 
administer, no 
side effects 
reported [10] 
can increase 
yield up to 98% 
[11].  

• Licensed drug, 
should be 
administered in a 
medical setting.  

• Used as an adjunct 
to one of the 
methods above 
rather than a 
standalone test 
[10]. 

Guthrie Cards  ]Cheap, easy to 
use, reliable, 
pain-free [32].  

• Used 
preferentially 
when NAF is easily 
obtainable.  

• Used as an adjunct 
to the methods 
above rather than 
a standalone test 
[32].  
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employing a more expansive study of larger patient cohorts, including 
healthy volunteers. 

8. Hormones/tumour markers 

The long-term endogenous and exogenous exposure of oestrogen is a 
strongly associated risk factor in the aetiology of breast cancer, but what 
diagnostic and preventative role do hormones play in NAF? The stability 
and subtle variation of hormonal levels in NAF can be accurately 
measured [41]. Therefore, it is logical to assume that they may be more 
direct determinants to breast cancer risk than potentially even circu-
lating hormones [42]. In 2004, Wang et al. [43] identified a panel of 
tumour markers including CA125, CA15-3, CEA and malignant TSGF, 
evaluating their expression both within serum and nipple fluid. The 
results demonstrate that levels of the four biomarkers were significantly 
higher in nipple fluid than serum and that there was a positive corre-
lation between Ki-67, tumour grade, clinical stage, lymph node metas-
tasis and tumour recurrence [43]. Their hypothesis that a panel rather 
than an individual biomarker reflects the heterogeneous nature of breast 
cancer may provide a basis for future tumour marker detection for both 
diagnosis and prognosis of breast cancer. Similarly, hormones may also 
play a role in predicting breast cancer risk. NAF oestradiol is more stable 
over time than serum concentrations [41], and so is potentially a more 
reliable indicator of breast cancer risk than serum oestradiol. In a 
case-control study, Chatterton et al. [44] measured hormone concen-
tration in the at-risk but unaffected contralateral breast of incident 
breast cancer cases (considered a high risk group) compared to 
screening mammography controls. Higher NAF (but not serum) DHEA 
concentrations were associated with breast cancer cases [44], particu-
larly among oestrogen receptor (ER)-positive cases indicating a poten-
tially important role of this steroid in breast cancer risk. However, there 
is limited follow up work or validation studies utilising tumour-markers 

in complex biofluids such and NAF for the early detection of breast 
cancer. Research groups have favoured collection from blood/serum, 
which may reflect NAF’s limitations in terms of quantity of fluid ac-
quired as well as difficulty in obtaining it in all women [45,46]. 

9. Microbiome 

From numerous other cancer models (gastric, cervical, hepatocellu-
lar etc) it is apparent that the microbiome plays a central role in the 
development of cancer [47,48]. The breast microbiome, however, has 
been relatively understudied. It does not feature in the Human Micro-
biome Project, likely due to the fact that nipple fluid has traditionally 
been thought of as a sterile biofluid [49]. To date, studies have inves-
tigated both the difference between the microbial composition of breast 
tissue in cancer and normal tissue [50–52], as well as nipple fluid be-
tween cancer and healthy volunteers. The interrogation of NAF in 
particular, has eluded to a higher incidence of various genii of 
micro-bacteria in breast cancer patients [12]. In 2016, Chan et al. [12] 
demonstrated a relatively higher abundance of the genus Alistapes in 
breast cancer patients, without a difference in areolar skin samples [12]. 
Moreover, microbes associated with breast cancer were found to share 
enzymatic activity of beta-gluronidase which is thought to promote 
breast cancer [12]. This is the first report of bacterial DNA in human 
breast ductal fluid, with demonstrable differences between the micro-
biomes of cancer and normal NAF. The metataxome of nipple fluid is in 
the primitive stages of its discovery, along with the impact it has on 
tumour/host cells [12,52,53]. Further work in this area will need to 
focus on patients who have not previously undergone breast cancer 
surgery (therefore demonstrating whether the NAF microbiome can be 
utilised as a screening tool), comparing the NAF microbiome of both the 
cancer and non-cancer breasts of the same patient, as well as looking at 
whether these findings are both reproducible and demonstrable on 

Fig. 2. Summary of key advances in the diagnostic capabilities of nipple aspirate fluid.  
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larger cohorts of patients. 

10. Lipids 

Lipids can be split into 8 major categories according to the National 
Institute of Health [54]. They play an important role in regulating 
physiological activities and the use of lipid species as a biomarker is 
driven by the essential role of metabolism in carcinoma [55]. Phos-
pholipids including phosphatidylcholines (PCs), phosphatidylethanol-
amines (PEs), phosphatidylinositols (PIs), sphingomyelin (SMs) and 
ceramides are increased in breast cancer tissues [56] and SMs are 
upregulated in ER negative tumours [54]. The products of lipid meta-
bolism and the lipidomic profile of tissue are being used in the 
intelligent-knife work spanning across breast, colorectal and even 
neurosurgical tissue diagnostics [57–60]. A recent study by St John et al. 
[56], identified 63 phospholipids and 6 triglyceride species which are 
responsible for 24 spectral differences between breast cancer and 
normal tissue types, with a 93.4% sensitivity and 94.9% specificity. 
MS/MS undertaken on 18 significant peaks identified a 0.5 log2 fold 
increase in these lipids compared to normal breast tissue and identified 
them all as glycerophospholipds, the most common being PEs. This work 
continues to expand its diagnostic capabilities in being able to identify 
DCIS tumours specifically from invasive ductal cancers. However, in 
terms of progress in nipple aspirate fluid lipidomics, Matos Do Canto 
et al. [61] identified up to 83 ions with a significant fold change. The 
metabolites identified included endogenous metabolites such as amino 
acid derivatives, products of lipid metabolism, glycerophopholipids and 
phosphatidylserine [61], some of which mirror findings in breast tissue 
[56]. This illustrates the initial feasibility of conducting a comprehen-
sive lipidomic profiling of breast tumours using mammary ductal fluid, 
albeit from lavage samples. The prospect of conducting this work using 
direct expression techniques on tiny quantities of fluid (2–10 μL) is yet to 
be investigated and may be the key to developing a non-invasive bedside 
test that will act as an adjunct to the early detection of breast cancer in 
high-risk groups. Barriers to overcome this will lie in the ability to 
optimise expression, collection and processing of tiny quantities of fluid, 
as well as successfully demonstrating its reproducibility. 

11. Conclusion 

Methods for early breast cancer detection enable lesions to be treated 
at the earliest possible time-point, increasing survival, and improving 
outcomes. Nipple biofluid has great potential for use to develop a 
biomarker for early detection and has been understudied in the diag-
nosis of breast cancer. Reasons for this may include difficulty in 
extraction of NAF, low yield rates, and of course, the challenges of 
processing a single droplet of fluid. However, despite being present in 
such small quantities, nipple biofluid is a rich source of metabolomic 
information and future work in this area may be the key to unravelling 
breast cancer’s complexity and unlocking a biomarker test than may be 
transferable from the laboratory to the bedside. 
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