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Abstract
Pathologic nipple discharge (PND) is one of the most common breast-related complaints for referral because of its
supposed association with breast cancer. The aim of this network meta-analysis (NMA) was to compare the diagnostic
efficacy of ultrasound, mammogram, cytology, magnetic resonance imaging (MRI), and ductoscopy in patients with
PND, as well as to determine the best diagnostic strategy to assess the risk of malignancy as cause for PND.
Cochrane Library, PubMed, and Embase were searched to collect relevant literature from the inception of each of the
diagnostic methods until January 27, 2020. The search yielded 1472 original citations, of which 36 studies with 3764
patients were finally included for analysis. Direct and indirect comparisons were performed using an NMA approach to
evaluate the combined odd ratios and to determine the surface under the cumulative ranking curves (SUCRA) of the
diagnostic value of different imaging methods for the detection of breast cancer in patients with PND. Additionally, a
subgroup meta-analysis comparing ductoscopy to MRI when conventional imaging was negative was also performed.
According to this NMA, sensitivity for detection of malignancy in patients with PND was highest for MRI (83%), fol-
lowed by ductoscopy (58%), ultrasound (50%), cytology (38%), and mammogram (22%). Specificity was highest for
mammogram (93%) followed by ductoscopy (92%), cytology (90%), MRI (76%), and ultrasound (69%). Diagnostic
accuracy was the highest for ductoscopy (88%), followed by cytology (82%), MRI (77%), mammogram (76%), and
ultrasound (65%). Subgroup meta-analysis (comparing ductoscopy to MRI when ultrasound and mammogram were
negative) showed no significant difference in sensitivity, but ductoscopy was statistically significantly better with re-
gard to specificity and diagnostic accuracy. The results from this NMA indicate that although ultrasound and
mammogram may remain low-cost useful first choices for the detection of malignancy in patients with PND, ducto-
scopy outperforms most imaging techniques (especially MRI) and cytology.
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Introduction
Pathologic nipple discharge (PND) is defined as unilateral,

spontaneous, and bloody or serous discharge, usually arising from a
single duct orifice of the nipple. After pain and palpable lumps,
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PND is the third most common breast-related complaint.1 PND is
often associated with breast cancer and accounts for 3% to 5% of
surgical breast clinic referrals.2-5 However, the most common causes
of PND—duct ectasias and intraductal papillomas—are benign.6,7

Mammogram and breast ultrasound are important tools for the
detection of breast cancer. However, in the case of PND as the
only complaint, they both have limited sensitivity.8 Magnetic
resonance imaging (MRI) has shown to be a sensitive tool for the
detection of malignancy, but specificity is low. Detection of small
lesions and differentiating benign from malignant masses remains
difficult with MRI.9,10 Therefore, the value of MRI is limited in
patients with PND, and core needle biopsy or surgical excision is
still necessary when MRI reveals a suspicious lesion.11,12 Cytology
of the nipple discharge is also used to determine the risk of ma-
lignancy in patients with PND, but its clinical relevance has been
contested.5,13,14
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Diagnostic Approach to Nipple Discharge
Ductoscopy is a minimally invasive microendoscopic technique
providing real-time visualization of the milk ducts of the breast.
Ductoscopy is performed with the patient under local anesthesia at
the outpatient clinic; it is currently used as a diagnostic tool in
assessing women with PND.15-22 Previous studies and a meta-
analysis show that ductoscopy is a useful tool in finding intra-
ductal lesions causing PND (benign and malignant) before or
during duct excision.23-25

Because PND is regarded as a possible sign of breast cancer and
standard radiologic imaging often fails to reveal the cause, most
women with persistent PND undergo surgical procedures, such as
microdochectomy or major duct excision, to exclude malig-
nancy.6,8,9 However, only 5% to 8% of these patients with PND
turn out to actually have malignancy,5,26,27 meaning that 90% to
95% of these surgical procedures are performed to assess something
with a nonmalignant cause. Therefore, it is important to assess the
different diagnostic tools currently available and then determine the
usefulness of each tool in the different phases of the diagnostic
process.

To this end, we carried out a systematic review of the literature
and performed a network meta-analysis (NMA) to compare the
value of different diagnostic tools to detect malignancy in patients
with PND. Additionally, we determined the optimal diagnostic
strategy for patients with PND.

Patients and Methods
This systematic review and NMA was performed according to the

guidelines of the requirements of the Preferred Reporting Items for
Systematic Reviews and Meta-analysis (PRISMA) checklist for
NMA (Supplemental Appendix 3).28 A systematic literature search
was performed in the PubMed, Embase, and Cochrane Library
databases. The search strategy was performed on all index tests
(ultrasound, mammogram, MRI, cytology, and ductoscopy) and
their synonyms. The full electronic search strategy can be found in
Supplemental Appendix 1 in the online version. After removal of
duplicates, two authors (M.F., S.P.) independently screened articles
by title and abstract. The full articles were independently screened
for eligibility based on predefined inclusion and exclusion criteria.
Discordant judgments were discussed by the two authors until
consensus was reached.

Selection of Studies
Full text was retrieved for studies that evaluated ultrasound,

mammogram, MRI, cytology, and/or ductoscopy, reported original
data, and were written in English. Inclusion criteria included:

1. Participants: patients with PND as main breast complaint
without history of breast cancer.

2. Intervention: ultrasound, mammogram, MRI, cytology, and/
or ductoscopy.

3. Comparator: if patients were diagnosed with malignancy,
they must have had definitive diagnosis of malignancy by
means of biopsy or histopathologic analysis after surgery.

4. Outcome: diagnostic performance of the different diagnostic
methods for the detection of (pre)cancerous lesions.

Studies were excluded from systematic review for the following
reasons:
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1. Not possible to determine sensitivity and specificity from the
studies by means of reported true-positive, true-negative,
false-positive, and true-negative rates.

2. Case report, review, and conference abstracts.
Risk of Bias
The QUADAS-2 tool was used to evaluate the quality of each

eligible study.29 The entire scale constituted 4 domains for the risk
of bias: patient selection, index test, reference standard, and flow
and timing. Additionally, there were 3 domains for applicability
concerns: patient selection, index test, and reference standard. Each
domain was judged for 3 levels of bias: low risk, intermediate/un-
clear risk, or high risk of bias. Full assessment criteria can be found
in Supplemental Appendix 2 in the online version.

Classifications
Ultrasound, mammogram and MRI were classified according to

the Breast Imaging Reporting and Data System (BI-RADS)
reporting system.30 BI-RADS I-III was considered benign, and BI-
RADS IV-VI was considered malignant or suspicious for malig-
nancy. When cytologic examination indicated atypical cells, it was
considered suspicious for malignancy.

Statistical Analysis

First, sensitivity, specificity, positive predicted value (PPV),
negative predicted value (NPV), and diagnostic accuracy (DA;
number of truly positive and truly negative results divided by the
total number of patients) were calculated for each of the 5 diagnostic
methods for the diagnosis of nipple discharge for each study. After
this, pooled estimates of sensitivity, specificity, PPV, NPV, and DA
were calculated for each of the 5 diagnostic methods using fixed-
effects models. Heterogeneity among studies was quantified by I2

analysis and tested by the Cochran chi-square tests. Second, statis-
tical computing software and network packages were used to draw
the network graphs. Each node represents a different diagnostic
method in which the size of the node reflects the number of pa-
tients, and the thickness of the line connecting the nodes represents
the amount of included studies. Third, traditional pairwise meta-
analyses were performed to compare different diagnostic modal-
ities. Fourth, Bayesian network meta-analyses using the Mantel-
Haenszel method were performed to combine the evidence from
direct and indirect comparisons. Fifth, the surface under the cu-
mulative ranking curve (SUCRA) was used to calculate for each
intervention’s being a measure of comparative diagnostic perfor-
mance. A higher SUCRA value means that the intervention is likely
to be ranked better than the comparators.31 Additionally, the
separate indirect from direct design evidence (SIDDE) method was
used to test the local consistency assumption of the NMA.32,33

Finally, subgroup traditional pairwise meta-analysis was performed
to compare ductoscopy to MRI in studies in which all participants
had negative ultrasound and/or mammogram, to compare the added
value of ductoscopy and MRI to conventional imaging. P < .05 and
95% confidence intervals of odds ratios not containing 1 were
considered statistically significant.

Comparison-adjusted funnel plots for the NMA were
performed to detect the small study effects on data. The Egger,
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Begg-Mazumdar, and Thomson-Sharp tests were used to quantify
and test for asymmetry. For the subgroup traditional meta-analysis,
the Egger test was used to quantify asymmetry.34-36 P � .05 indi-
cated insufficient evidence for asymmetry and therefore also for no
small sample bias and no publication bias.

All calculations were performed by RStudio 1.2.5001 (with R
x64 3.6.1) (https://rstudio.com/). Additionally, the following sta-
tistical packages were used for all computations of the network
meta-analysis (NMA) and traditional meta-analyses: meta, mada,
metafhor, gemtc, mvmeta, and netmeta. Visualization of plots was
done using the ggplot2 package.

Results
Selected Articles

We followed the PRISMA NMA checklist of items to include
when reporting a systematic review involving a NMA
(Supplemental Appendix 4 in the online version).
Figure 1 Flowchart Showing Literature Search and Study Selection.
Network Meta-analysis on Diagnostic Approach to Patholo

Abbreviations: FN ¼ falsely negative; FP ¼ falsely positive; TN ¼ truly negative; TP ¼ truly positiv
A total of 2583 citations were identified by the search and, after
removing duplicates, and 181 potentially eligible articles were
retrieved in full text (Figure 1). Overall, 3764 patients in 36 studies
with PND underwent ultrasound, mammogram, MRI, cytology,
and/or ductoscopy and were analyzed with an average of 104.6
participants per study with standard deviation of 68.7.

Figure 2 shows the network of eligible comparisons for sensitivity,
specificity, NPV, PPV, and DA of the different diagnostic methods.
The single-armed studies were not included in the network. Table 1
shows the studies included in the analysis and their characteristics.

Risks of Bias
The result of the QUADAS-2 tool revealed that all the included

studies were of sufficient quality. This was for both risk-of-bias
domains and applicability domains (Supplemental Figure 8 in the
online version). Detailed information for each enrolled study can be
found in Supplemental Figure 11 in the online version.
A Total of 36 Relevant Studies Were Ultimately Enrolled Into Our
gic Nipple Discharge

e.
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Figure 2 Evidence Network Plot of Diagnostic Value of
Imaging Methods for Diagnosis of Pathologic Nipple
Discharge. Imaging Methods Included (A) Ultrasound,
(B) Mammogram, (C) Magnetic Resonance Imaging,
(D) Cytology, and (E) Ductoscopy
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Sensitivity, Specificity, PPV, NPV, and DA
Figure 3 summarizes the different ways of assessing accuracy for

the detection of breast cancer in patients with PND. In terms of
pooled sensitivity for the detection of malignity in patients with
PND, MRI showed highest average sensitivity (83%), followed by
ductoscopy (58%), ultrasound (50%), cytology (38%), and
mammogram (22%). Pooled specificity was highest for mammo-
gram, at 93%, followed by ductoscopy (92%), cytology (90%),
MRI (76%), and ultrasound (69%). PPV was highest for
mammogram (46%), followed by ductoscopy (41%), MRI (40%),
cytology (39%), and ultrasound (31%). Pooled NPV was highest
for ductoscopy and MRI (both 96%), followed by cytology (89%),
ultrasound (83%), and mammogram (80%). The highest DA was
seen for ductoscopy (88%), followed by cytology (82%), MRI
(77%), mammogram (76%), and ultrasound (65%). Sensitivity,
specificity, PPV, NPV, and DA of individual studies can be found
in Supplemental Figures 1 to 5 in the online version.

Pairwise meta-analysis from the literature (Table 2) showed
mammogram to have statistically significantly lower sensitivity for
the detection of malignancy in patients with PND than ultrasound,
MRI, cytology, and ductoscopy. Additionally, ultrasound has a
significantly lower sensitivity than MRI. Other combinations did
not show statistically significant differences or were not directly
measured in the currently available literature. Ultrasound showed
significantly higher specificity than MRI, cytology, and mammo-
gram. No statistical differences in specificity between ductoscopy
and ultrasound were found. Mammogram has a statistically signif-
icantly higher PPV than ultrasound, MRI, and cytology. No direct
comparisons in the literature were found between mammogram and
ductoscopy. No other combinations showed statistical differences in
PPV between the other diagnostic methods for the detection of
- Clinical Breast Cancer December 2020
breast cancer in patients with PND. NPV of MRI was statistically
significantly higher than ultrasound and mammogram. No other
comparisons between the 5 diagnostic methods showed any sig-
nificant differences, although no direct comparison was available
between ductoscopy and cytology.

Overall NMA
The estimates resulting from direct and indirect evidence of

diagnostic methods for the detection of breast cancer in patients
with PND are provided in Table 3. Sensitivity of MRI was
significantly superior to ultrasound, mammogram, and cytology
but did not differ significantly from ductoscopy. Ductoscopy
performed significantly better than mammogram, and ultrasound
performed better than mammogram. Other comparisons did not
show significant differences in sensitivity. Mammogram showed
to be significantly more specific than all other diagnostic
methods. Additionally, ultrasound was statistically inferior to
cytology but superior to MRI for specificity. Furthermore, MRI
was less specific than cytology. Ductoscopy did not differ
significantly from cytology, MRI, and ultrasound with regard to
specificity. PPV of ultrasound was inferior to mammogram but
was not statistically different from other diagnostic methods.
Mammogram had a significantly higher PPV than MRI but was
similar to ductoscopy. Other combinations showed no statisti-
cally significant differences. NPV of ductoscopy did not differ
significantly from the other diagnostic methods. MRI had
significantly higher NPV than ultrasound and mammogram but
was comparable to cytologic assessment. Finally, cytology had a
higher NPV than mammogram. DA of ultrasound was signifi-
cantly lower than mammogram and cytology but did not differ
significantly from MRI and ductoscopy. MRI had a lower DA
than mammogram and cytology but did not differ significantly
from ductoscopy. All other comparisons did not show significant
differences (Supplemental Table 1 in the online version).

SUCRA values indicating the probability of having the best
diagnostic performance are shown in Supplemental Table 2 in the
online version. The highest SUCRA value for sensitivity was seen
for mammogram and the lowest for ductoscopy. The highest
SUCRA value for specificity was seen for MRI, followed by duc-
toscopy, with the lowest seen for mammogram. Ductoscopy showed
the highest SUCRA value for PPV and mammogram the lowest.
Ultrasound showed the highest SUCRA value for NPV and the
MRI the lowest. The highest SUCRA values for DA were seen for
ultrasound and the lowest for cytology. Finally, the SIDDE
approach did not provide strong evidence for inconsistency with
regard to sensitivity, specificity, PPV, NPV, and DA for all com-
parisons (all P > .182).

Subgroup Meta-analysis
Subgroup analysis comparing sensitivity, specificity, PPV, and

NPV of MRI and ductoscopy when conventional imaging (ultra-
sound and mammogram) is negative can be found in Figure 4 and
Table 4. Pooled sensitivity of 5 remaining studies each was 44% for
ductoscopy and 76% for MRI (not significant). Specificity and DA
were significantly higher for ductoscopy compared to MRI (98% vs.
84%, 95%-83%, respectively). PPV and NPV were insignificant
between ductoscopy and MRI. Individual diagnostic performance of



Table 1 Baseline Characteristics of Various Diagnostic Studies on Pathologic Nipple Discharge

Study Year Country
Reference
Standard N

Diagnostic Method

D1 D2 D3 D4

Groves37 1996 UK Histopathologic
diagnosis

216 D

Hou38 2000 Taiwan Histopathologic
diagnosis

111 D

Orel39 2000 USA Histopathologic
diagnosis

15 C

Hou40 2002 Taiwan Histopathologic
diagnosis

176 A B

Cabioglu41 2003 USA Histopathologic
diagnosis

142 A B D

Simmons42 2003 USA Histopathologic
diagnosis

59 A B D

Yamamoto43 2003 Japan Histopathologic
diagnosis

60 D

Moncrief44 2005 USA Histopathologic
diagnosis

59 E

Morrogh45 2007 USA Histopathologic
diagnosis

33 C

Denewer46 2008 Egypt Histopathologic
diagnosis

53 E

Bender47 2009 Turkey Histopathologic
diagnosis

102 E

Kooistra13 2009 Netherlands Histopathologic
diagnosis

163 D

Simpson48 2009 Canada Histopathologic
diagnosis

39 E

Tekin49 2009 Turkey Histopathologic
diagnosis

34 D

Vaughan50 2009 USA Histopathologic
diagnosis

89 E

Dolan14 2010 Ireland Histopathologic
diagnosis

74 D

Morrogh51 2010 USA Histopathologic
diagnosis

270 A B C D

Cyr52 2011 USA Histopathologic
diagnosis

119 E

Lorenzon53 2011 Italy Histopathologic
diagnosis

38 A B

Bahl54 2015 USA Histopathologic
diagnosis

91 C

Bahl8 2015 USA Histopathologic
diagnosis

262 A B

Van Gelder10 2015 Netherlands Histopathologic
diagnosis

107 C

Waaijer22 2015 Netherlands Histopathologic
diagnosis

53 E

Zhao55 2015 China Histopathologic
diagnosis

153 A D

Park56 2016 South Korea Histopathologic
diagnosis

67 A

Sanders9 2016 USA Histopathologic
diagnosis

85 C

Bahl57 2017 USA Histopathologic
diagnosis

105 C

Lesetedi27 2017 South Africa Histopathologic
diagnosis

153 A B

Yılmaz58 2017 Turkey Histopathologic
diagnosis

26 A C E
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Table 1 Continued

Study Year Country
Reference
Standard N

Diagnostic Method

D1 D2 D3 D4

Gui59 2018 UK Histopathologic
diagnosis

32 E

Kan60 2018 China Histopathologic
diagnosis

95 A B D

Li61 2018 USA Histopathologic
diagnosis

257 A B C D

Baydoun62 2019 USA Histopathologic
diagnosis

92 A B

Jung63 2019 South Korea Histopathologic
diagnosis

46 A

Zacharioudakis64 2019 UK Histopathologic
diagnosis

82 C

Filipe65 2020 Netherlands Histopathologic
diagnosis

206 A B C E

Diagnostic modalities are as follows: A ¼ ultrasound; B ¼ mammogram; C ¼ magnetic resonance imaging (MRI); D ¼ cytology; E ¼ ductoscopy.
Abbreviations: CI ¼ confidence interval; D1-4 ¼ diagnostic methods.
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each study can be found in Supplemental Figures 6 and 7 in the
online version for, respectively, ductoscopy and MRI.

Assessment of Publication Bias
The results of assessment of publication bias showed sym-

metrical distributions for sensitivity, specificity, PPV, NPV,
and DA. This indicates that there is no evidence to conclude
Figure 3 Usefulness of Approaches to Detection of Breast Cancer in
Specificity, Positive Predicted Value, Negative Predicted V
Detection of Breast Cancer in Patients With Pathologic Ni

Abbreviations: CI ¼ confidence interval; MRI ¼ magnetic resonance imaging.

- Clinical Breast Cancer December 2020
small sample effects or publication bias in this NMA
(Supplemental Figure 9 in the online version). Subgroup
analysis also showed symmetry of the effect (Supplemental
Figure 10 in the online version). For the subgroup analyses,
P values for the Egger test for sensitivity, specificity, PPV,
NPV, and DA were .0504, .7549, .8378, .2211, and .8187,
respectively.
Patients With Pathologic Nipple Discharge. Shown are Sensitivity,
alue, and Diagnostic Accuracy of Different Approaches to
pple Discharge



Figure 4 Usefulness of Approaches to Detection of Breast Cancer in Patients With Pathologic Nipple Discharge and Negative Imaging
Results. Shown are Pooled Sensitivity, Specificity, Positive Predicted Value, Negative Predicted Value, and Diagnostic
Accuracy of Different Approaches to Detection of Breast Cancer in Subgroup of Patients With Pathologic Nipple Discharge
and With Negative Mammogram And/Or Ultrasound Results

Abbreviations: CI ¼ confidence interval; MRI ¼ magnetic resonance imaging.

Table 2 Pairwise Meta-analysis of 5 Diagnostic Methods to Detect Breast Cancer in Patients With Pathologic Nipple Discharge

Sensitivity Specificity

Studies (N) Comparison OR 2.5% CI 97.5% CI Studies (N) Comparison OR 2.5% CI 97.5% CI

10 A vs. Bb 3.274 2.307 4.647 10 A vs. Bb 0.185 0.141 0.243

5 A vs. Cb 0.337 0.137 0.828 5 A vs. Cb 1.475 1.031 2.11

5 A vs. D 0.991 0.573 1.715 5 A vs. D 0.982 0.650 1.484

2 A vs. E 0.188 0.02 1.796 2 A vs. E 3.623 0.685 19.158

4 B vs. Cb 0.044 0.015 0.130 4 B vs. Cb 19.532 11.903 32.051

5 B vs. Db 0.449 0.249 0.808 5 B vs. Db 2.059 1.404 3.02

1a B vs. E 1 B vs. E 2.043 0.337 12.386

2 C vs. D 2.143 0.583 7.871 2 C vs. D 0.646 0.33 1.262

2 C vs. E 0.562 0.046 6.806 2 C vs. E 1.46 0.265 8.036

0 D vs. E 0 D vs. E

Positive Predictive Value Negative Predictive Value

Studies (N) Comparison OR 2.5% CI 97.5% CI Studies (N) Comparison OR 2.5% CI 97.5% CI

10 A vs. Bb 0.398 0.262 0.606 10 A vs. B 1.023 0.818 1.278

5 A vs. C 0.719 0.45 1.148 5 A vs. Cb 0.402 0.162 0.999

5 A vs. D 0.933 0.529 1.645 5 A vs. Db 0.320 0.203 0.505

2 A vs. E 1.406 0.206 9.619 2 A vs. E 0.326 0.085 1.252

4 B vs. Cb 3.369 1.833 6.192 4 B vs. Cb 0.339 0.142 0.81

5 B vs. Db 2.551 1.358 4.792 5 B vs. D 1.079 0.642 1.813

1a B vs. E 1 B vs. E 0.303 0.064 1.422

2 C vs. D 0.893 0.416 1.918 2 C vs. D 1.867 0.515 6.765

2 C vs. E 1.688 0.249 11.416 2 C vs. E 0.678 0.100 4.586

0 D vs. E 0 D vs. E

Diagnostic modalities are as follows: A ¼ ultrasound; B ¼ mammogram; C ¼ magnetic resonance imaging (MRI); D ¼ cytology; E ¼ ductoscopy.
Abbreviations: CI ¼ confidence interval; OR ¼ odds ratio.
aTruly positive values were 0, so it was not possible to pairwise compare sensitivity and positive predictive value.
bStatistically significant.
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Table 3 Network Meta-analysis Comparing (in OR) 5 Diagnostic Methods to Detect Breast Cancer in Patients With Pathologic Nipple
Discharge

Sensitivity Specificity

Comparison OR 2.5% CI 97.5% CI Comparison OR 2.5% CI 97.5% CI

A vs. Ba 3.9212 2.7396 5.6123 A vs. Ba 0.2269 0.1708 0.3013

A vs. Ca 0.2873 0.1181 0.6989 A vs. Ca 1.8271 1.2836 2.6008

A vs. D 1.3188 0.7653 2.2728 A vs. D 0.7291 0.493 1.0783

A vs. E 0.1787 0.0197 1.6187 A vs. E 1.6403 0.4712 5.7103

B vs. Ca 0.0733 0.0297 0.1808 B vs. Ca 8.0542 5.3315 12.1672

B vs. Da 0.3363 0.1918 0.5898 B vs. Da 3.2138 2.1276 4.8545

B vs. Ea 0.0456 0.0049 0.4218 B vs. Ea 7.2304 2.0646 25.321

C vs. Da 4.5908 1.6963 12.4242 C vs. Da 0.399 0.2442 0.6521

C vs. E 0.6219 0.0645 5.9959 C vs. E 0.8977 0.2547 3.1637

D vs. E 0.1355 0.0141 1.3025 D vs. E 2.2498 0.6165 8.21

Positive Predictive Value Negative Predictive Value

Comparison OR 2.5% CI 97.5% CI Comparison OR 2.5% CI 97.5% CI

A vs. Ba 0.3942 0.2574 0.6038 A vs. B 0.9272 0.7309 1.1762

A vs. C 0.8313 0.5249 1.3167 A vs. Ca 0.3108 0.1333 0.7245

A vs. D 0.8627 0.4979 1.4947 A vs. Da 0.5127 0.3285 0.8000

A vs. E 1.4045 0.2756 7.1581 A vs. E 0.3017 0.0830 1.0966

B vs. Ca 2.1088 1.2226 3.6374 B vs. Ca 0.3352 0.1470 0.7641

B vs. Da 2.1883 1.2002 3.9899 B vs. Da 0.5529 0.3500 0.8736

B vs. E 3.5629 0.6714 18.907 B vs. E 0.3254 0.0894 1.1844

C vs. D 1.0377 0.5458 1.9728 C vs. D 1.6496 0.6507 4.1822

C vs. E 1.6895 0.3317 8.6049 C vs. E 0.9708 0.2232 4.2221

D vs. E 1.6282 0.2963 8.9474 D vs. E 0.5885 0.1516 2.2854

Diagnostic modalities are as follows: A ¼ ultrasound; B ¼ mammogram; C ¼ magnetic resonance imaging (MRI); D ¼ cytology; E ¼ ductoscopy.
Abbreviations: CI ¼ confidence interval; OR ¼ odds ratio.
aStatistically significant.
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Discussion
There is no consensus on the diagnostic approach of pa-

tients with PND, especially if conventional imaging (ultra-
sound and mammogram) results are negative. High-quality
studies on the value of ductoscopy and MRI are scarce. The
first aim of this study was to compare by means of NMA the
effectiveness for detection of malignancy of ultrasound,
mammogram, MRI, cytology, of nipple fluid and ductoscopy
in patients with PND. The second aim of this study was to
compare MRI to ductoscopy when ultrasound and mammo-
gram as conventional first-line imaging techniques have nega-
tive results.
Table 4 Meta-analysis Comparing (in OR) Ductoscopy With MRI for
Discharge, and Negative Mammogram and Ultrasound Res

Comparison Measure OR 2.5%

A vs. B Sensitivity 0.285 0.071

A vs. B Specificity 10.401 3.958

A vs. B PPV 2.251 0.523

A vs. B NPV 1.247 0.485

A vs. B DA 4.94 1.439

Diagnostic modalities are as follows: A ¼ ductoscopy; B ¼ magnetic resonance imaging (MRI).
Abbreviations: CI ¼ confidence interval; DA ¼ diagnostic accuracy; NPV ¼ negative predictive valu
aStatistically significant.

- Clinical Breast Cancer December 2020
The online search yielded 2556 hits, of which 36 studies with 3764
patients were included. The highest sensitivity was seen for MRI
(83%) and ductoscopy (58%), and the highest specificity was seen for
ductoscopy (92%) and mammogram (93%), whereas MRI had a
relatively low specificity (76%). DA was highest for ductoscopy (88%),
followed by cytology (82%) and MRI (77%). In subgroup analysis
including studies in which patients had negative ultrasound and
mammogram, there were no statistical differences in sensitivity, but
specificity and DA were significantly higher for ductoscopy.

Ultrasound and mammogram are established, cheap breast im-
aging methods.66,67 We found that the pooled average sensitivity for
the detection of breast cancer in patients with PND was 50% for
Detection of Breast Cancer in Patients With Pathologic Nipple
ults

CI 97.5% CI z Score P

1.155 �1.76 .0788

27.332 4.75 <.001a

9.686 1.09 .2759

3.21 0.46 .6468

16.961 2.54 .0112a

e; OR ¼ odds ratio; PPV ¼ positive predictive value.
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ultrasound but only 22% for mammogram. Pooled specificity was
69% for ultrasound but much was higher, at 93%, for mammo-
gram. Most causes of PND (around 95%), such as papillomas and
ductal ectasia, are benign,6,7 for which ultrasound5,8,12,63,68 and
mammogram5,12,51,60,68 indeed have a high sensitivity and speci-
ficity. Therefore, ultrasound and mammogram are likely to remain
the initial approach in patients with PND.

MRI has been used more often for the detection of breast cancer
in patients with PND in recent years. We found that the pooled
average sensitivity of MRI is 86% and specificity is 76%. Pooled
PPV of MRI was low (40%), meaning that over half of patients with
a positive MRI are advised to undergo histopathologic analysis by
core biopsy and/or surgery for a benign lesion (Supplemental
Figure 3 in the online version).10,11 Therefore, MRI may need to
be reserved for PND cases where mammogram and ultrasound are
negative.8,10,54,64 The current NMA shows that the sensitivity of
MRI then drops to 74% but specificity increases to 85%
(Supplemental Figure 7). Contrast-enhanced MRI appears to be a
promising approach for the detection of breast cancer in patients
with PND in pilot studies.50,69-73

For cytology, pooled sensitivity was only 38%, although the
pooled specificity was high (90%) (Supplemental Figure 4), indi-
cating that cytology is not very useful for the detection of breast
cancer in patients with PND.13 However, biomarker analysis of
nipple discharge, as by RNA assessment,74 may be more prom-
ising.6,69-72,75-78

This NMA showed that ductoscopy has an average sensitivity of
58% and a high specificity of 92% for the detection of breast cancer
in patients with PND. However, ductoscopy is highly suitable for
detecting benign lesions causing PND.46,47,50,59,73,79 However,
without histologic sampling of the lesions found, ductoscopy images
alone cannot permit reliable discrimination between benign and
malignant causes; endoscopic sampling during ductoscopy is not
possible; and surgery may still be warranted to exclude malig-
nancy.24 Ductoscopy is not a cheap technique, like MRI is, so it
may be especially useful when conventional imaging is negative.65

For this reason, we conducted a subgroup meta-analysis
comparing MRI to ductoscopy in patients with PND by negative
conventional imaging for the detection of breast cancer. Sensitivity
for ductoscopy dropped to 44% but specificity rose to 98%, which
is significantly higher than for MRI. However, the low incidence of
malignancy in patients with PND leads to broad confidence in-
tervals, meaning that the pooled relative difference in sensitivity is
relatively big, but not statistically significant. Moreover, the higher
incidence of malignancy in the MRI studies (around 20% vs. the
4.5% in the ductoscopy studies) may explain the relatively high
sensitivity of MRI, which may therefore not be realistic. This high
incidence of malignancy in MRI studies is unexpected because the
reported incidence of malignancy in patients with negative echog-
raphy and mammogram is around 5%.26,27 The same applies for the
PPV. Consequently, because the most common causes of PND are
benign, specificity may be clinically more relevant. The present
study found that ductoscopy has a statistically significantly higher
specificity (and DA) than MRI, so it may be a more useful diag-
nostic tool in patients with PND with no signs of malignancy by
conventional radiography. Additionally, intraductal biopsies are
nowadays possible with the basket extraction device,22 and new
techniques surrounding ductoscopy are being developed in order to
increase the sensitivity for the detection of (pre)malignant lesions,
such as autofluorescent imaging.80,81

To our knowledge, this is the first systematic review comparing
different diagnostic methods for the detection of malignancy in
patients with PND. However, there are some limitations of this
NMA. This study could not provide enough direct comparisons
between the 5 individual imaging methods as a result of limited
evidence. Nonetheless, further research is warranted comparing
availability, impact to the patient, and cost-effectiveness of the
different diagnostic methods. Finally, most women with PND
undergo surgical procedures, such as microdochectomy or major
duct excision, to exclude malignancy and treat the PND symp-
toms.6,8,9 These surgical procedures are performed under general
anesthesia, are expensive, and are associated with scarring, which
may result in breastfeeding difficulties.68 Additionally, heterogeneity
was high within the groups and between different groups. We
cannot explain the high heterogeneity because we consider the
methodology and patient population of the studies to be very
similar, especially in the subgroup analysis. Furthermore, we have
no explanation for the high incidence of malignancy in the MRI
studies.

To conclude, our findings suggest that although ultrasound
and mammogram may remain low-cost useful first choices for the
detection of malignancy in patients with PND, ductoscopy
outperforms most imaging techniques (especially MRI) and
cytology.
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Supplemental Appendix 1
SEARCH STRATEGY

PubMed

(((“Nipple Discharge”[Mesh]) OR nipple discharge�[Title/Ab-
stract])) AND (((“Ultrasonography”[Mesh] OR “Cytological
Techniques”[Mesh] OR “Mammography”[Mesh] OR “Magnetic
Resonance Imaging”[Mesh] OR “Endoscopy”[Mesh] OR “ducto-
scopy”[tiab] OR “ductoscope”[tiab])) OR ((Ultrasonograph�[Title/
Abstract] OR echograph�[Title/Abstract] OR ultrasound[Title/Ab-
stract] OR Cytological Technique�[Title/Abstract] OR
mammograph�[Title/Abstract] OR chest X-ray�[Title/Abstract] OR
Magnetic Resonance Imaging[Title/Abstract] OR MRI[Title/Ab-
stract] OR endoscop�[Title/Abstract] OR ductoscop�[Title/Ab-
stract] OR fiberoductoscop�[Title/Abstract] OR FDS[tiab])))
Embase

(‘breast discharge’/exp OR ‘breast discharge�’:ti,ab,kw) AND
(‘echography’/exp OR ‘echography’:ti,ab,kw OR ‘cytology’/exp OR
‘cytology’:ti,ab,kw OR ‘mammography’/exp OR ‘mammography’:-
ti,ab,kw OR ‘nuclear magnetic resonance imaging’/exp OR ‘nuclear
magnetic resonance imaging’:ti,ab,kw OR ‘ductoscop�’:ti,ab,kw OR
‘endoscopy’/exp OR ‘endoscopy’:ti,ab,kw OR
‘fiberoductoscop�’:ti,ab,kw)
Cochrane

(nipple discharge�:ti,ab,kw AND (ductoscop�:ti,ab,kw OR
Ultrasonograph�:ti,ab,kw OR echograph�:ti,ab,kw OR ultra-
sound:ti,ab,kw OR Cytology:ti,ab,kw OR Cytological Techni-
que�:ti,ab,kw OR mammograph�:ti,ab,kw OR chest X-
ray�:ti,ab,kw OR Magnetic Resonance Imaging:ti,ab,kw OR
MRI:ti,ab,kw OR endoscop�:ti,ab,kw OR ductoscop�:ti,ab,kw OR
fiberoductoscop�:ti,ab,kw OR FDS:ti,ab,kw)

Supplemental Appendix 2
QUADAS-2 TOOL SIGNALING QUESTIONS TO ASSESS

QUALITY OF INCLUDED STUDIES

A. Evaluation of bias
1. Patient selection—Could the selection of patients have
introduced bias?

Risk: Low/Intermediate/High/Unclear

a. Was a consecutive or random sample of patients enrolled?
b. Was a caseecontrol design avoided?
c. Was selection bias avoided by including patients with pathologic

nipple discharge (PND) and comparable previous diagnostic
workup?
2. Index test (ductoscopy/cytology/ultrasound [US]/mammo-

gram/magnetic resonance imaging [MRI])—Could the conduct
or interpretation of the index test have introduced bias?

Risk: Low/Intermediate/High/Unclear

a. Was the ductoscopy/cytology/US/mammogram/MRI outcome
interpreted without knowledge of the histologic outcome?
- Clinical Breast Cancer December 2020
b. Was the ductoscopic visual scoring system cytology/US/

mammogram/MRI interpretation specified?
3. Reference standard (histology or follow-up in a defined se-
lection of patients)—Could the reference standard, its
conduct, or its interpretation have introduced bias?

Risk: Low/Intermediate/High/Unclear

a. Was histology used as a reference standard (especially for the
malignant cases)?

b. When histology was not used as a reference standard in all
patients, was follow-up performed in the other group of
patients?

If there is no follow-up for one subgroup, 1 point is assigned to
this subcategory. Because all studies are retrospective, this implies
that there was a follow-up, namely at the moment the medical re-
cords were reviewed.

4. Flow and timing

Risk: Low/Intermediate/High/Unclear

a. Was the ductoscopy/cytology/US/mammogram/MRI per-
formed within 1 to 3 months before histology?

If the answer is “no” or “unclear,” 0 points are assigned to this
subcategory.

b. Did all patients receive a reference standard?
c. Were all patients included in the analysis (even if a subgroup

had mammography or cytology or MRI; it’s fine if only a
subgroup was analyzed, as long as it is justified/logical)?
B. Evaluation of applicability

1. Patient selection—Is there concern that the included patients

do not match the review question?

Concern: Low/Intermediate/High/Unclear

a. Was the patient group studied matching with the review
question?

If (i) the patient population in the selected articles presents with
PND as a chief complaint, if (ii) PND has a slight different or
specific definition, and/or (iii) if patients are from a non-Western
country, 0 points are assigned to this subcategory.

b. Were patients included before they were referred for surgery,
and not when they were already referred for surgery?

If the answer is “no” or “unclear,” 0 points are assigned to this
subcategory. Yes leads to 1 point in this subcategory.

2. Index test (ductoscopy/cytology/US/mammogram/MRI)—Is
there concern that the index test, its conduct, or interpreta-
tion differ from the review question?

Concern: Low/Intermediate/High/Unclear

a. Was the same interpretation of (visual) findings used in every
patient?

A clear explanation of the classification system used (eg, Breast
Imaging Reporting and Data System [BIRADS]) or description of the
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aspects evaluated, is assigned 0 points. A “positive” or “negative” clas-
sification, without explanation, is assigned 1 point to this subcategory.

b. Was ductoscopy/cytology/US/mammogram/MRI performed by
an experienced operator?

If in the article it is clearly stated that a second and/or inde-
pendent and/or experienced operator revised the imagery or
cytology, 0 points are assigned to this subcategory.
3. Reference standard (histology or follow-up)—Is
there concern that the target condition as defined by
the reference standard does not match the review
question?

Concern: Low/Intermediate/High/Unclear

a. Was histology or follow-up in a defined selection of patients
used as reference standard?
Clinical Breast Cancer December 2020 - e735



Supplemental Figure 1 Usefulness of Ultrasound as a Modality to Detect Breast Cancer in Patients With Pathologic Nipple Discharge.
Sensitivity, Specificity, Positive Predictive Value, Negative Predictive Value, and Diagnostic Accuracy of
Ultrasound

Abbreviation: CI ¼ confidence interval.
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Supplemental Figure 2 Usefulness of Mammogram as a Modality to Detect Breast Cancer in Patients With Pathologic Nipple
Discharge. Sensitivity, Specificity, Positive Predictive Value, Negative Predictive Value, and Diagnostic
Accuracy of Mammogram

Abbreviation: CI ¼ confidence interval.
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Supplemental Figure 3 Usefulness of MRI as a Modality to Detect Breast Cancer in Patients With Pathologic Nipple Discharge.
Sensitivity, Specificity, Positive Predictive Value, Negative Predictive Value, and Diagnostic Accuracy of MRI

Abbreviations: CI ¼ confidence interval; MRI ¼ magnetic resonance imaging.
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Supplemental Figure 4 Usefulness of Cytology as a Modality to Detect Breast Cancer in Patients With Pathologic Nipple Discharge.
Sensitivity, Specificity, Positive Predictive Value, Negative Predictive Value, and Diagnostic Accuracy of
Cytology

Abbreviation: CI ¼ confidence interval.
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Supplemental Figure 5 Usefulness of Ductoscopy as a Modality to Detect Breast Cancer in Patients With Pathologic Nipple Discharge.
Sensitivity, Specificity, Positive Predictive Value, Negative Predictive Value, and Diagnostic Accuracy of
Ductoscopy

Abbreviation: CI ¼ confidence interval.
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Supplemental Figure 6 Usefulness of Ductoscopy as a Modality to Detect Breast Cancer in Patients With Pathologic Nipple Discharge
and Negative Mammogram/Ultrasound Results. Sensitivity, Specificity, Positive Predictive Value, Negative
Predictive Value, and Diagnostic Accuracy for Detection of Malignancy by Ductoscopy in Patients With
Negative Mammogram/Ultrasound Results

Abbreviation: CI ¼ confidence interval.
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Supplemental Figure 7 Usefulness of Ultrasound as a Modality to Detect Breast Cancer in Patients With Pathologic Nipple Discharge.
Sensitivity, Specificity, Positive Predictive Value, Negative Predictive Value, and Diagnostic Accuracy for
Detection Malignancy of MRI in Patients With Negative Mammogram/Ultrasound Results

Abbreviations: CI ¼ confidence interval; MRI ¼ magnetic resonance imaging.
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Supplemental Figure 8 Summary of Risks of Bias and Applicability Domains

Abbreviations: D1 ¼ patient selection; D2 ¼ index test; D3 ¼ reference standard; D4 ¼ flow and timing; D5 ¼ patient selection; D6 ¼ index test; D7 ¼ reference standard.
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Supplemental Figure 9 Funnel Plots of Potential Publication Bias Regarding Treatment of Pathologic Nipple Discharge. Funnel Plots
Showing Potential Publication Bias for Sensitivity (Top Left), Specificity (Top Right), Positive Predictive Value
(Middle Left), Negative Predictive Value (Middle Right), and Diagnostic Accuracy (Bottom Left) in a Meta-
analysis of Various Approaches to Treat Pathologic Nipple Discharge. Modalities are as Follows:
A [ Ultrasound; B [ Mammogram; C [ Magnetic Resonance Imaging; D [ Cytology; E [ Ductoscopy
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Supplemental Figure 10 Funnel Plots of Potential Publication Bias Regarding Treatment of Pathologic Nipple Discharge. Funnel Plots
Showing Potential Publication Bias for Sensitivity (Top Left), Specificity (Top Right), Positive Predictive Value
(Middle Left), Negative Predictive Value (Middle Right), and Diagnostic Accuracy (Bottom Left) in a Subgroup
Meta-analysis Comparing MRI to Ductoscopy in Patients With Pathologic Nipple Discharge and Negative
Mammogram/Ultrasound Results

Abbreviation: MRI ¼ magnetic resonance imaging.
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Supplemental Figure 11 Study Risk of Bias
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Supplemental Table 1 Pairwise Meta-analysis and Network Meta-analysis Comparing Diagnostic Accuracy in 5 Different Diagnostic
Methods

Pooled Diagnostic Accuracy

Modality DA 2.5% CI 97.5% CI

]Ultrasound 0.6460 0.6232 0.6684

Mammography 0.7648 0.7440 0.7846

MRI 0.7684 0.7355 0.7990

Cytology 0.8248 0.8024 0.8456

Ductoscopy 0.8829 0.8560 0.9063

Pairwise Direct Meta-analysis

Comparison No. of Studies OR 2.5% CI 97.5% CI

A vs. Ba 10 0.599 0.508 0.708

A vs. C 5 1.065 0.781 1.453

A vs. Da 5 0.418 0.314 0.555

A vs. E 2 0.645 0.273 1.523

B vs. Ca 4 2.401 1.738 3.316

B vs. D 5 1.294 0.938 1.787

B vs. E 1 0.598 0.203 1.758

C vs. D 2 0.848 0.483 1.487

C vs. E 2 0.905 0.288 2.845

D vs. E 0

Network Meta-analysis

Comparison OR 2.5% CI 97.5% CI

A vs. Ba 0.5927 0.5018 0.7000

A vs. C 1.1423 0.8475 1.5396

A vs. Da 0.4801 0.3638 0.6335

A vs. E 0.6044 0.2758 1.3245

B vs. Ca 1.9274 1.4242 2.6084

B vs. D 0.8100 0.6092 1.0770

B vs. E 1.0199 0.4636 2.2435

C vs. Da 0.4203 0.2862 0.6172

C vs. E 0.5291 0.2347 1.1929

D vs. E 1.2590 0.5514 2.8748

Diagnostic modalties are as follows: A ¼ ultrasound; B ¼ mammogram; C ¼ MRI; D ¼ cytology; E ¼ ductoscopy.
Abbreviations: CI ¼ confidence interval; DA ¼ diagnostic accuracy; MRI ¼ magnetic resonance imaging; OR ¼ odds ratio; PND ¼ pathologic nipple discharge.
aStatistically significant.
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Supplemental Table 2 Surface Under the Cumulative Ranking Curves (SUCRA) Values of 5 Diagnostic Methods to Detect Malignancy
in Patients With Pathologic Nipple Discharge

Diagnostic Method Sensitivity Specificity PPV NPV DA

Ultrasound 0.5234 0.5405 0.7066 0.9235 0.7717

Mammography 0.9992 0.0002 0.0192 0.8031 0.3517

MRI 0.1659 0.8915 0.4827 0.1674 0.9366

Cytology 0.6994 0.2917 0.5316 0.4099 0.0915

Ductoscopy 0.1121 0.7760 0.7599 0.1962 0.3485

Abbreviations: DA ¼ diagnostic accuracy; MRI ¼ magnetic resonance imaging; NPV ¼ negative predictive value; PPV ¼ positive predictive value.
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