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Abstract
Background

Breast cancer is the most common type of cancer and the leading cause of cancer-related deaths in
women worldwide. Novel (personalized) treatments and detection as early as possible are key to
improving prognosis. We hypothesized that microRNA (miRNA) levels in nipple aspirate fluid (NAF) can
be used to detect breast cancer.

Methods

NAF samples were acquired from 135 breast cancer patients and 114 healthy controls using a non-
invasive collection method. miRNA levels were analyzed with quantitative polymerase chain reaction
using Tagman Advanced miRNA assays. The discriminative value of a 20-miRNA NAF panel for breast
cancer detection was evaluated with LASSO regression and cross-validation.

Results

Six individual miRNAs demonstrated significant odds ratio ranging between 0.86-1.38. After LASSO
regression with cross-validation, a 20-miRNA panel resulted in an area under the curve (AUC) of 0.70. A
second analysis, where within women the affected breast was compared to the contralateral breast,
resulted in an AUC of 0.54.

Conclusion

A 20-miRNA panel in NAF is able to discriminate well between breast cancer patients and healthy
controls. With a good discriminative value and little discomfort, our method shows great promise for
future personalized screening applications. One group that can especially benefit from this personalized
strategy is women with dense breasts, where a positive miRNA test could stratify for supplemental MRI.
Future studies are still necessary to determine if early stage detection is possible using the miRNA
panel.

Trial registration

CCMO NL57343.041.16, Dutch Trial Register NTR6162/NL6031, Registered 17 August 2016,
https//onderzoekmetmensen.nl/nl/trial/50271 CCMO NL57343.041.16, Dutch Trial Register
NTR6162/NL6031, Registered 20 February 2013, https//onderzoekmetmensen.nl/nl/trial/47370

Introduction
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Breast cancer is the most common type of cancer and the leading cause of cancer-related deaths in
women worldwide'. In the Netherlands, 1 in 8 women develop breast cancer during their lifetime?.
Fortunately, the five year overall survival rate of breast cancer has increased to 88% in recent decades®.
This increase is mainly due to nationwide screening programs and the development of better treatment
options, where screening has contributed to a 33—58% decrease in mortality rates since 19882.
Nonetheless, still nine Dutch breast cancer-related deaths are reported every day, necessitating better
early detection and further improvements in therapy?®.

In the Netherlands, women with an average lifetime risk (< 20%) of developing breast cancer are
screened through biennial mammograms between the ages of 50-75* Women with an increased

lifetime risk (= 20%) may be screened with mammography and magnetic resonance imaging (MRI)®.
Mammography and MRI have contributed to an increase in survival rates, but have limitations® ® 7.
Mammography has high specificity (~ 85%, range of 63-99%), but low sensitivity (~ 55%, range of 27—
87%)8, with an area under the curve (AUC) ranging between 0.76 and 0.91°~"". High false negative rates
are especially seen in women with dense breasts'?. In contrast, MRI has lower specificity (~ 74%, range
of 25-100%), but high sensitivity (~ 95%, range of 86—100%)8, with an AUC of 0.92'3. The lower
specificity leads to high false positives rates (52-97/1000 cases'?). False positive screening results
cause anxiety and increase healthcare costs'®. In addition, discomfort is present for both
mammography (breast compression) and MRI (noise, claustrophobia), that may result in women not

adhering to screening guidelines'®. Therefore, new personalized screening techniques are needed.

One such technique could be the detection of biomarkers in biofluids, such as nipple aspirate fluid

(NAF). NAF is present in the ductal system of the breast and originates from luminal epithelial cells’.

Nipple fluid aspiration is a non-invasive collection method, best supported by oxytocin nasal spray % '8.

Due to their close proximity to the origin of carcinogenesis, biomarkers in NAF will likely indicate subtle

pathological changes occurring in the breast microenvironment with high sensitivity and specificity'”.

11920 miRNAs are small non-

MicroRNAs (miRNAs) are a promising class of biomarkers in this respec
coding RNAs that regulate gene expression at the post-translational level through binding of messenger

RNAs?'. Compelling evidence has demonstrated that miRNA expression is dysregulated in cancer?', and

that miRNAs are attractive biomarkers due to their unparalleled stability in liquid biopsies?’.

In this study, we evaluated the biomarker potential of miRNAs in NAF for the detection of breast cancer,
as a first step towards the development of a novel personalized screening tool. Moreover, we studied the
associations between miRNA expression and participants characteristics to gain more insight into the
biological mechanisms underlying breast cancer development. A case-control study was set up to
investigate the differences in miRNA expression between breast cancer patients and healthy controls.
Additionally, a second analysis was conducted to asses whether the affected breast could be
distinguished from the contralateral (non-affected) breast within patients.
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Material & Methods

A detailed explanation of the material and methods can be found in supplementary material 1. In short,
all invasive breast cancer samples were obtained from the ORNAMENT study: a multicenter, crOss
sectional, study to assess microRNA expression in Nipple Aspirate Fluid, blood and tuMor material in
women with primary brEast caNcer compared with healthy conTrols (CCMO NL57343.041.16; Dutch Trial
Register NTR6162/NL6031)%2. All healthy control (women > 45 years old) samples were obtained from
another study: Breast Cancer Biomarkers in Nipple Aspiration Fluid in Healthy Controls (CCMO
NL41845.041.12; Dutch Trial Register NL8987)?3. Both studies were approved by the Institutional Review
Board of the University Medical Center Utrecht and other participating hospitals (ORNAMENT: study
number 16—337; healthy controls: study number 12-495). Written informed consent was obtained from
all participating women.

NAF samples were acquired as previously described by Patuleia et al.’®. To extract (mi)RNA, and DNA,
the Allprep Universal DNA/RNA/miRNA kit was used. The Tagman Advanced miRNA cDNA Synthesis kit
was used for cDNA synthesis (with 19 reaction cycles). Next, a quantitative polymerase chain reaction
(gPCR) was performed in custom pre-coated 384 well plates containing 23 TagMan Advanced miRNA
Assays (Tables S1 and S2), with the Tagman Fast Advanced Mastermix. For relative quantification, miR-
99b-5p was used as endogenous control.

R version 4.3.2 was used for the statistical analysis. Linear regression was used to determine the
difference in individual miRNA expression (fold change) between healthy controls and breast cancer
patients. Logistic regression was used to calculate adjusted odds ratios (ORs) for individual miRNAs,
with breast cancer status as the outcome variable. Graphpad Prism v10 was used to plot the fold
changes and ORs. To assess associations between miRNA expression and participant characteristics,
appropriate statistical tests (two-sided t-test, ANOVA with post-hoc Tukey HSD test, Mann-Whitney U,
and Kruskal Wallis) and correlation analysis (Pearson or Spearman correlation) were applied. A
Bonferroni Holm correction for multiple comparisons was used. To assess the ability of the 20-miRNA
panel (and age) to discriminate between patients and healthy controls, a multivariable model was
developed using LASSO regression together with an external cross-validation step (10-folds, 20
iterations). A second model was developed using LASSO-penalized conditional logistic regression for the
paired comparison between the affected breast and the contralateral breast.

Results

Participant and tumor characteristics

In this case-control study, we compared miRNA expression in NAF between breast cancer patients (n =
154 in total / n = 135 excluding samples without successful nipple fluid aspiration) and healthy controls
(n=116 / n=114 excluding participants with a breast cancer diagnosis after NAF collection). Specific
inclusion and exclusion criteria were set (Supplement 1), enabling unbiased comparison between the
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two cohorts. The most relevant participant characteristics for each cohort are presented in Table 1
(overview of all characteristics in tables S3, S4 and S5). The variables age at NAF collection, body mass
index (BMI), and parity did not significantly differ between breast cancer patients and healthy controls (P
=0.059, P=0.084, and P = 0.663, respectively). As expected, having a first-degree relative with breast
cancer was significantly more frequent in the breast cancer population (P < 0.001).

Table 1

Participant and tumor characteristics of breast cancer and healthy control cohorts. Variables presented
are age at NAF collection, body mass index, having a first-degree relative with breast cancer, and parity.
Tumor characteristics from the breast cancer cohort include molecular subtype (luminal A-like, luminal

B-like, Human Epidermal growth factor Receptor 2 (HER2))-driven, and triple negative), receptor status

(Estrogen receptor (ER), Progesterone receptor (PR), and HER2), and the modified Bloom and Richardson

grade. This table excludes participants from whom NAF collection was unsuccessful in both breasts. For

continuous variables, the median and interquartile range (IQR) interval are given. Significance for
continuous variables was calculated using a t-test or Mann-Whitney U test, depending on their
distribution. For categorical variables a Chi-square test was used.

Breast Cancer (N = 135) Healthy Controls (N =114) Comparison

Median IQR Missing Median Range Missing P value
Age at NAF 56 49-66 O 53 48-59 0 0.061
collection
Body mass 26 23-29 12 24 22-28 0 0.085
index

Yes No Missing Yes No Missing P value
First-degree 41 (43%) 55 39 19 93 2 <0.001
relative (57%) (17%) (83%)
Parous 104 20 11 98 15 1 0.663

(84%) (16%) (87%) (15%)

n % Missing n % Missing P value
Luminal A-like 91 75% 11 NA NA NA NA
Luminal B-like 24 18% NA NA NA NA
HER2-driven 4 3% NA NA NA NA
Triple negative 5 4% NA NA NA NA
ER+ 121 93% 5 NA NA NA NA
PR+ 93 73% 7 NA NA NA NA
HER2+ 11 8% 6 NA NA NA NA
Grade 1 39 30% 4 NA NA NA NA
Grade 2 71 54% NA NA NA NA
Grade 3 21 16% NA NA NA NA
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Nipple fluid characteristics

From the total cohort, 244 NAF samples were cloudy (Breast cancer (BC) affected side = 61;
Contralateral (CL) side = 55; Healthy control (HC) = 128, see Table S5) and 218 samples were clear (BC =
68; CL = 68; HC = 82). This variable is associated with miRNA expression levels, as evidenced by
separate grouping of cloudy and clear samples (Figure ST). miRNA expression in clear NAF samples was
significantly higher compared to the expression in cloudy samples (P < 0.001 for all interrogated
miRNAs, except for miR-21-5p (P =0.077).

Another known factor that is associated with miRNA expression is the color of the NAF sample'®. This
association was validated in our data, where in general green samples showed a significantly lower
mMiRNA expression, whereas colorless, beige, yellow, and orange/bloody samples tended to have a higher
miRNA expression level (Table S6). The distribution of different NAF colors was similar within the breast
cancer cohort and the healthy controls (Table S5 & Figure S2). In addition, NAF color is associated with
sample turbidity (Table S7).

MicroRNA expression levels in relation to participant and tumor
characteristics

Pearson or Spearman correlation analysis was performed to evaluate the relation between multiple
continuous variables and NAF miRNA expression. No significant correlations were observed with BMI,
tumor mitotic count, and tumor size after Bonferroni Holm correction for multiple comparisons (Table
S6). For age at NAF collection, miR-125a-5p (P < 0.001, r =-0.175), miR-145-5p (P < 0.001, r =-0.310),
miR-155-5p (P < 0.001, r=0.202), miR-21-5p (P < 0.001, r =0.316) and miR-222-3p (P =0.001, r =-0.154)
showed a significant correlation, although there is a high degree of variability in the data (Figure S3).

The categorical variables with significant differences in miRNA expression levels between categories
after Bonferroni Holm correction were: parity combined with breastfeeding, and breastfeeding
(Supplement 2 and Table S6). No significant differences in miRNA expression levels between groups
were observed after Bonferroni Holm correction for the following variables: breast density, history of
breast disease (benign or invasive), previous benign breast lump, previous breast surgery, first-degree
relative, parity, age of first birth, smoking, alcohol use, breast cancer laterality, histological subtype,
estrogen receptor (ER) status, progesterone receptor (PR) status, human epidermal growth factor
receptor 2 (HER2) status, lymph node status, Bloom and Richardson grade, tumor size (diameter),
molecular subtype and tumor focality (Table S6, P values before correction also shown).

Differential microRNA expression in breast cancer patients versus
healthy controls
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A 23-miRNA panel including one endogenous control miRNA, was assessed in NAF samples from both
cohorts. The data of miR-126-5p, miR-151a-5p, and miR-18a-5p were excluded due to insufficient quality
following laboratory processing, leaving a panel of 20 miRNAs for the final data analysis. As shown in
Supplementary Table 8, before normalization, all miRNAs, except miR-145-5p and miR-205-5p, showed a
slightly higher average raw Ct value (lower expression) in the healthy control group compared to the
breast cancer group (both affected and contralateral side). A comparison of ACt values between
affected, contralateral, and healthy, after correction for RNA input and cloudiness, is shown in
Supplementary Table 9. Moreover, a linear regression identified fold changes of the miRNAs in breast
cancer patients versus healthy controls ranging from 0.54-1.57 (Table S10 and Figure S4).

Associations between miRNA expression levels and breast
cancer status

A logistic regression was performed to estimate adjusted ORs for breast cancer based on individual
miRNA expression levels (Table S11). Similar to the observed fold changes, five miRNAs had an
increased adjusted OR: miR-153-3p (OR =1.31, P=0.002, 95% confidence interval (Cl) [1.11, 1.57]), miR-
155-5p (OR=1.13, P=0.023,95% CI [1.02, 1.27]), miR-21-5p (OR = 1.38, P = 0.004, 95% CI [1.12, 1.72)),
miR-29¢-5p (OR=1.27,P=0.012,95% CI [1.06, 1.55]), and miR-374b-5p (OR=1.33, P=0.011, 95% Cl
[1.07,1.66]) (Fig. 1). miR-145-5p showed a decreased adjusted OR (OR =0.86, P=0.010, 95% CI [0.77,
0.96]). After correction for multiple comparison using Bonferroni Holm only miR-153-3p remained
significant.

Discriminative value of a 20-miRNA panel for the detection of breast cancer

A LASSO regression analysis was performed to determine whether the 20 interrogated miRNAs were
able to differentiate between breast cancer patients (n = 128) and healthy controls (n =113). Age was
also included as a discriminative variable. Model performance was investigated by means of a receiver
operating characteristic curve, resulting in an AUC of 0.804 (95% CI [0.749, 0.858]) (Fig. 2). After
correction for overfitting through cross-validation, the median AUC was 0.702 (95% of cross-validation
estimates fall between 0.485 and 0.896). Because LASSO regression enhances predictive accuracy on
unseen data by shrinking the coefficients of weak predictors to zero, we used it to select the miRNAs
that contribute most to out-of-sample model performance. The miRNAs that contributed the most and
that were taken along in more than 90% of the folds and iterations were: miR-145-5p (100%), miR-153-3p
(100%), miR-29¢-5p (100%), miR-221-3p (98.5%), miR-222-3p (96.5%), miR-320a-3p (95.5%), miR-374b-5p
(95.0%), miR-92a-3p (94.5%), miR-205-5p (92.0%), and miR-19a-3p (90.5%). All other miRNAs were
included in at least half of the folds/iterations, with miR-16-5p showing the lowest inclusion percentage
at 75.5%. The variable age was also incorporated into the model for every fold (100%).

Another LASSO regression was performed as described above excluding the variable age, to solely look
at the discriminative potential of the miRNA panel. This resulted in an apparent AUC of 0.797 (95% ClI
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[0.741, 0.852]) (Figure S5), and a median AUC of 0.707 after cross-validation (95% of cross-validation
estimates fall between 0.464 and 0.893).

A subtype analysis for Luminal A-like and Luminal B-like patients was also performed, where the model
based on the 20-miRNA panel and age was validated within these subgroups. In luminal A-like patients
(n=89), an apparent AUC of 0.765 (95% CI [0.698, 0.833]) was obtained (Figure S6), while in Luminal B-
like patients (n=21) an apparent AUC of 0.827 (95% CI [0.735, 0.920]) was obtained (Figure S7). No
subtype analysis could be performed for HER2-driven or triple negative breast cancer due to low sample
size within these groups.

Due to the high number of variables in our model, we also tried to reduce the number of dimensions by
including a principal component analysis (PCA) of our 20-miRNA panel. The principal components (PCs)
that explained 80% of the variance were included in the model (PC1-5). All miRNAs contributed within
the different PCs, but the degree of contribution differed (Figure S8). PC1, PC2, PC3, and age were
included at least 95% times in the regression model under cross-validation. The PCA-based AUC with
LASSO regression was 0.689 (95% CI[0.623, 0.755]) and 0.646 (95% of cross validation estimated fall
between 0.423 and 0.836) before and after cross-validation, respectively (Figure S9).

Comparative analysis of affected breast versus the contralateral
breast

Another LASSO regression was performed to determine whether our 20-miRNA panel was able to
differentiate between the affected breast and the contralateral breast (n = 112) within each breast cancer
patient. An AUC of 0.591 (95% CI [0.518, 0.664]) was obtained, and after correction for overfitting
through cross-validation, the AUC was 0.535 (95% of cross-validation estimates fall between 0.388 and
0.678) (Figure S10). Additionally, a comparison between the contralateral breast versus the healthy
controls was performed, where an AUC of 0.689 (95% of cross-validation estimates fall between 0.381
and 0.875) was obtained after cross-validation (Figure S11).

Discussion

There is a great clinical need for new personalized methods that can detect breast cancer at an early
stage?*. One promising avenue is the identification of biomarkers within liquid biopsies. This study
identified a 20-miRNA panel within NAF that can distinguish breast cancer patients from healthy
individuals with an AUC of 0.70. Moreover, most miRNAs showed an increased expression, which is in
line with their oncogenic function within breast cancer?®. The only downregulated miRNA was miR-145-
5p, a well-established tumor suppressor?®. Despite the modest fold changes of individual miRNAs
(ranging from 0.54-1.57), their combined discriminative power was evident. This miRNA panel was,
however, not able to discriminate between the affected breast and the contralateral breast within one
patient.
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This study expands on previous literature on biomarkers in NAF. A comprehensive review of previous
research on this topic was published by Patuleia et al.’”. Most groups within this field have investigated
proteins (individual and/or panels) for the detection of breast cancer?’. Only one previous study
examined ten miRNAs in NAF, including miR-145-5p, miR-155-5p, miR-181-5p, miR-16-5p, miR-205-5p,
and miR-21-5p, that overlap with our panel?®. In contrast to our data, they found no significant
dysregulation of these miRNAs in breast cancer patients (n = 20; 18 invasive tumors and 2 ductal
carcinoma in situ) compared to a non-cancer group (n = 12; benign disease). This is probably due to the
low sample size, and/or because control subjects had benign disease rather than an absence of disease.
It is of importance that future research will examine the influence of benign disease on miRNA
expression, to make sure false positives are avoided when using miRNAs in NAF for breast cancer
detection.

A few other studies evaluated miRNA panels in nipple discharge or ductal lavage samples. Zhang et al.?°

examined 3,100 miRNAs in nipple discharge (n = 21), of which six were significantly altered between
patients with invasive breast cancer and benign controls. Two of these miRNAs, miR-3646 (strand
designation not defined on miRbase) and miR-4732-5p, showed excellent discriminative power with an
individual AUC of 1. Moreover, an upregulation of miR-155-5p was seen (cut-off at 1.5 fold), which we

also saw in our data (FC = 1.67). Except for miR-155-5p, none of the other dysregulated miRNAs in the

|29

study by Zhang et al.“” overlap with our miRNA panel. This could be due to the low sample size, or

because nipple fluid aspiration differs from spontaneous nipple discharge3, making comparison with

our study difficult. In a second study, Do Canto et al.3" measured 742 miRNAs in ductal lavage samples

(n =22), of which 17 showed differential expression between tumor and paired normal samples
(contralateral breast). Of these 17 miRNAs, only one, miR-181a-5p, is also part of our panel. In contrast

to Do Canto et al.?’

, no significant upregulation of this miRNA was seen in our study between groups
(including affected versus healthy, and affected versus contralateral). Again, this could be due to the
difference in obtaining NAF and obtaining ductal lavage samples, but probably also because our fold
changes were corrected for NAF characteristics®?. Additionally, many studies have examined miRNA
levels in blood, including the prospective Sister Study and mammography cohorts, which significantly
contributed to the development of our target miRNA panel®2 33, Surprisingly, among the miRNAs
included in our study based on these cohorts, only miR-145-5p showed significant downregulation,
consistent with findings from the mammography cohort. This difference may be due to the
measurement of miRNAs in blood rather than NAF. As part of our research, we have also gathered blood

samples and will investigate these miRNA levels in a future study.

Comparison between the affected breast and the contralateral breast in unilateral breast cancer patients
resulted in a low AUC of 0.535 (after cross-validation, Figure S10). This indicates that the miRNA
expression pattern in the affected breast, containing the tumor, is highly similar to the contralateral
(“healthy”) breast. Moreover, when we performed an analysis for the contralateral breast versus the
healthy controls, an AUC of 0.689 was obtained after cross-validation (Figure S11). Even though this is a
slightly lower discriminative value compared to the affected breast, it does indicate that the contralateral
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sample is also able to distinguish healthy from diseased. This would allow tumor detection using either
breast’s NAF, thereby eliminating the need for successful nipple fluid collection from both breasts.

The similar miRNA patterns in both breasts suggests that we might be measuring a systemic response
to the tumor, instead of local miRNA secretion by the tumor cells into the surrounding milk ducts. This
hypothesis is supported by the knowledge that NAF can contain exogenous and endogenous
components'”- 3435 For example, Petrakis et al.34 found nicotine in NAF of smokers. Moreover,
Chatterton et al.3 found altered hormone levels in NAF that were associated with oral contraceptives or
hormone replacement therapy, indicating that hormones can diffuse into NAF too. Cross-talk is also

possible in the other direction, from NAF into other biofluids, such as the lymphatic system. Petrakis et

al.** identified that after injecting India ink into mammary ducts of rabbits, this ink moved out of the

lumen and reached the lymphatics. Moreover, our group identified systemic side effects after cisplatin
administration through the nipple in mice, indicating that local injection leads to systemic exposure3”.
Taken together, there is a clear cross-talk between NAF and the lymphatic and/or circulatory system,
which could provide an explanation of why the affected and contralateral breast show similar miRNA

expression levels.

Based on the hypothesis that a systemic response to breast cancer is being measured, it is possible that
the miRNA levels in our data do not originate from the tumor cells. This does not influence the
discriminative potential of our miRNA panel, since the miRNAs secreted by other cell types can also have
diagnostic potential. One very likely source of the observed changes in miRNA expression are immune
cells, known to be present in NAF'’. Previous research has shown that multiple miRNAs from our panel
are expressed and secreted by immune cells®8742. The extensively studied miR-155-5p is secreted by
dendritic cells®®, macrophages®® and T cells*? in different in vitro and in vivo studies. Moreover,
macrophages also release miR-21-5p3° and miR-221-3p*'. Similarly, miR-16-5p and miR-92a-3p were
shown to be released by natural killer cells in 2D cell culture conditions*2. All these miRNAs were
upregulated in our study, although a significant fold change was only obtained for miR-155-5p, miR-21-5p
and miR-29c¢c-5p. This information suggests that multiple of the miRNAs detected in NAF may originate
from immune cells rather than breast cancer cells. The positive side to measuring a systemic response,
is that the origin of NAF from the specific tumor duct is not a requirement anymore. This point has been
used to argue against using NAF as a biofluid, since different ducts can contain distinct components,
and atypical cells are probably absent in ducts not affected by breast cancer*3~4°.

In the present study, multiple variables showed an association with miRNA expression, thereby
potentially affecting the discriminative value of the panel. For instance, NAF color is known to affect
miRNA expression'?, but this can be partially addressed by correcting for NAF cloudiness, which is
associated with color (Table S7). Although correction was partly possible, not all factors could be taken
along in our analysis, mainly due to a high number of missing information and the risk of overfitting°.
Moreover, many of these variables are known risk factors for breast cancer development, such as having
a first-degree relative with breast cancer*’, and could therefore be predictors instead of covariates*®. A
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second limitation within our cohort is the skewed distribution of breast cancer subtypes with an
overrepresentation of luminal B-like breast cancer and underrepresentation of triple negative breast
cancer. Due to the sample size of the groups, it was not possible to perform subclass analysis using
cross-validation.

While some limitations exist, miRNAs remain a promising biomarker for breast cancer detection
evidenced by the AUC of 0.70. Additionally, the NAF collection method is significantly less
uncomfortable compared to other screening options'®. We envision multiple ways for implementing our
new screening method, which would require integration with imaging techniques to accurately determine
tumor location'” (Figure S12). Firstly, our miRNA panel could be used for stratification, for example in
women with dense breast tissue, women with increased risk of developing breast cancer, and/or women
in the age group of 45-50 years that fall outside of the nationwide screening population. In women with
dense breast tissue, where mammography is less accurate'? #°, a positive liquid biopsy result with a high
positive predictive value could stratify for additional MRI. Moreover, if our test has a high negative
predictive value, it could reduce unnecessary follow-up after a false-positive MRI result. Furthermore, for
the high-risk population that has to undergo breast cancer screening from a young age®, a more accurate
and less painful screening method would be especially beneficial. Secondly, our miRNA panel could be
used for triage, where imaging techniques would only be indicated when our NAF miRNA panel is
positive, reducing the burden and costs of current imaging methods'”. Self-sampling NAF could be of
great value here, and seems to be a realistic option in our pilot studies. Furthermore, this approach could
possibly increase participation in breast cancer screening, particularly among women who avoid

120

mammography due to physical discomfort>”. Offering a less painful screening alternative may increase

attendance and even shorten screening intervals, ultimately leading to better overall survival’. Future
validation is required for clinical implementation, but we consider these first results very promising. Our
group is currently analyzing miRNA levels in NAF samples of a longitudinal cohort of women with
increased risk of breast cancer. This could provide insight into the timing of breast cancer detection in
relation to current clinical and imaging based diagnosis, and potentially contribute to the early and less
discomforting personalized detection of early breast cancer.

Conclusion

A 20-miRNA panel in NAF is able to discriminate between breast cancer patients and healthy controls
with a good discriminative value. The similar miRNA patterns in both breasts suggest that we might be
measuring a systemic response to the tumor, thereby broadening the diagnostic applicability of our
approach. Taken together, with an AUC of 0.70 and minimal discomfort, our method shows great
promise for future personalized screening applications. This strategy may be particularly beneficial for
women with dense breasts, where a positive miRNA test could stratify for supplemental MRI.
Nonetheless, further validation in larger cohorts is necessary.

Abbreviations
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AUC Area under the curve

BMI Body mass index

ER Estrogen receptor

FC Fold change

HER2 Human epidermal growth factor receptor 2
IQR Interquartile range

mMiRNA microRNA

MRI Magnetic resonance imaging

NAF Nipple aspirate fluid

OR Odds ratio

PCA Principal component analysis

PC Principal component

PR Progesterone receptor

gPCR Quantitative polymerase chain reaction

ROC Receiver operating characteristic curve
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Figure 1

Breast cancer adjusted odds ratios for individual miRNA expression levels. The y-axis indicate the
significant miRNAs (P value given). The x-axis represents the adjusted odds ratio (logarithmic scale), with
95% confidence interval. This analysis was performed with 129 breast cancer samples (except for miR-145-
5p that contained 1 missing) and 113 healthy control samples.
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Figure 2

Receiver operating characteristics curve illustrating the performance of a 20-miRNA model to
differentiate breast cancer patients and healthy controls. This model also includes the variable age. The x-
axis indicates 1 minus specificity, and the y-axis indicates sensitivity. The solid line indicates the receiver
operating curve (ROC) curve of the LASSO regression model without cross-validation, while the dotted line
shows cross-validation results. Area under the curve (AUC) values together with the 95% confidence interval
of the apparent AUC and the 2.5th and 97.5th percentile of the cross-validated AUC are given in the right
corner. This analysis was based on 128 breast cancer samples and 113 healthy control samples.
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