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Factors associated with histologic upgrade following surgical excision 
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1Acıbadem Mehmet Ali Aydınlar University, Senology Research Institute, İstanbul, 
Türkiye
2Ege University Faculty of Medicine, Department of Radiology, İzmir, Türkiye
3Trakya University Faculty of Medicine, Department of Radiology, Edirne, Türkiye
4Dokuz Eylül University Faculty of Medicine, Department of Radiology, İzmir, Türkiye
5Acıbadem Mehmet Ali Aydınlar University Faculty of Medicine, Department of 
Radiology, İstanbul, Türkiye
6Maltepe University Faculty of Medicine, Department of Radiology, İstanbul, Türkiye
7Manisa Celal Bayar University Faculty of Medicine, Department of Radiology, 
Manisa, Türkiye
8Hacettepe University Faculty of Medicine, Department of Radiology, Ankara, 
Türkiye
9Gazi University Faculty of Medicine, Department of Radiology, Çankaya, Ankara, 
Türkiye
10Fırat University Faculty of Medicine, Department of Radiology, Elazığ, Türkiye
11Varisson Radiology Center, Breast Imaging, Antalya, Türkiye
12Karadeniz Technical University Faculty of Medicine, Department of Radiology, 
Trabzon, Türkiye
13Çukurova University Faculty of Medicine, Department of Radiology, Adana, Türkiye
14Süleyman Demirel University Faculty of Medicine, Department of Radiology, 
Isparta, Türkiye
15Necmettin Erbakan University Meram Faculty of Medicine, Department of 
Radiology, Konya, Türkiye
16University of Health Sciences Türkiye, Kartal Dr. Lütfi Kırdar Training and Research 
Hospital, Clinic of Radiology, İstanbul, Türkiye
17Ondokuz Mayıs University Faculty of Medicine, Department of Radiology, Samsun, 
Türkiye
18Bezmialem Vakıf University Faculty of Medicine, Department of Radiology, 
İstanbul, Türkiye

19Private Practice, Çankaya, Ankara, Türkiye
20University of Health Sciences Türkiye, Ankara Training and Research Hospital, 
Clinic of Radiology, Ankara, Türkiye
21Ankara Bilkent City Hospital, Clinic of Radiology, Ankara, Türkiye
22University of Health Sciences Türkiye, İstanbul Haseki Training and Research 
Hospital, Clinic of Radiology, İstanbul, Türkiye
23Muğla Sıtkı Koçman University Faculty of Medicine, Department of Radiology, 
Muğla, Türkiye
24İzmir Katip Çelebi University Atatürk Training and Research Hospital, Department 
of Radiology, İzmir, Türkiye
25Medsentez Private Clinic, Department of Radiology, Ankara, Türkiye
26University of Health Sciences Türkiye, İzmir Tepecik Training and Research Hospital, 
Clinic of Radiology, İzmir, Türkiye
27İstanbul University, İstanbul Faculty of Medicine, Department of Radiology, 
İstanbul, Türkiye
28University of Health Sciences Türkiye, Bakırköy Dr. Sadi Konuk Training and 
Research Hospital, Clinic of Radiology, İstanbul, Türkiye
29Ankara Yıldırım Beyazıt University Faculty of Medicine, Department of Radiology, 
Ankara, Türkiye
30Private Clinic, Breast Radiology, İstanbul, Türkiye
31Tekirdağ Namık Kemal University Faculty of Medicine, Department of Radiology, 
Tekirdağ, Türkiye
32Memorial Göztepe Hospital, Clinic of Radiology, İstanbul, Türkiye
33Acıbadem Mehmet Ali Aydınlar University Senology Research Institute, 
Department of Pathology, İstanbul, Türkiye
34University of Wisconsin–Madison, Department of Radiology, Madison, Wisconsin, 
United States
35Acıbadem Mehmet Ali Aydınlar University, Senology Research Institute, 
Department of General Surgery, İstanbul, Türkiye

 Nurper Denizoğlu1,  Füsun Taşkın1,  Gül Esen İçten1,  Ayşenur Oktay2,  Özge Aslan2,  Nermin Tunçbilek3, 
 Pınar Balcı4,  Erkin Arıbal5,  Levent Çelik6,  Şebnem Örgüç7,  Figen Demirkazık8,  Serap Gültekin9, 
 Ayşe Murat Aydın10,  Emel Durmaz11,  Sibel Kul12,  Figen Binokay13,  Meltem Çetin14,  Ganime Dilek Emlik15, 
 Meltem Gülsün Akpınar8,  Nuray Voyvoda16,  Ahmet Veysel Polat17,  Işıl Başara Akın4,  Şeyma Yıldız18, 
 Necdet Poyraz15,  Arzu Özsoy19,  Pelin Öztekin20,  Eda Elverici21,  İlkay Koray Bayrak17,  Türkan İkizceli22, 
 Alev Dolu1,  Funda Dinç23,  Gülten Sezgin24,  Gökçe Gülşen22,  Işıl Tunçbilek25,  Sabiha Rabia Yalçın25, 
 Gül Çolakoğlu26,  Serpil Ağlamış10,  Ravza Yılmaz27,  Günay Rona16,  Gamze Durhan8,  Davut Can Güner6, 
 Fatma Çelik Yabul28,  Leman Günbey Karabekmez29,  Burçin Tutar30,  Muhammet Göktaş31,  Onur Buğdaycı32, 
 Fatma Tokat33,  Mustafa Ege Şeker34,  Cihan Uras35

You may cite this article as: Denizoğlu N, Taşkın F, İçten GE, et al. Factors associated with histologic upgrade following surgical excision of breast papillomas: 
a retrospective multicenter study. Diagn Interv Radiol. 23 September 2026 DOI: 10.4274/dir.2026.264219 [Epub Ahead of Print].

Epub: 23.09.2026

DOI: 10.4274/dir.2026.264219

Corresponding author: Nurper Denizoğlu

E-mail: nurperonder@hotmail.com 

Received 25 June 2026; revision requested 27 July 2026; 
accepted 04 September 2026.

Diagn Interv Radiol 2026; DOI: 10.4274/dir.2026.264219

https://orcid.org/0000-0002-3677-8872
https://orcid.org/0000-0001-7985-3660
https://orcid.org/0000-0001-6821-8696
https://orcid.org/0000-0003-0209-5878
https://orcid.org/0000-0001-6935-1472
https://orcid.org/0000-0002-8734-1849
https://orcid.org/0000-0002-2425-7631
https://orcid.org/0000-0002-5525-8696
https://orcid.org/0000-0002-8575-6952
https://orcid.org/0000-0003-2740-8615
https://orcid.org/0000-0001-6349-3998
https://orcid.org/0000-0001-9619-4142
https://orcid.org/0000-0002-1125-9902
https://orcid.org/0000-0002-0174-2634
https://orcid.org/0000-0002-7405-8657
https://orcid.org/0000-0002-6414-8309
https://orcid.org/0000-0002-7600-0651
https://orcid.org/0000-0003-1578-5624
https://orcid.org/0000-0001-5433-1663
https://orcid.org/0000-0002-9740-3580
https://orcid.org/0000-0002-0786-1490
https://orcid.org/0000-0001-8286-5881
https://orcid.org/0000-0001-9299-189X
https://orcid.org/0000-0002-0367-4794
https://orcid.org/0000-0002-9519-6266
https://orcid.org/0000-0002-1539-5047
https://orcid.org/0000-0001-6673-6190
https://orcid.org/0000-0002-5683-0391
https://orcid.org/0000-0003-0516-4867
https://orcid.org/0000-0002-3979-4413
https://orcid.org/0000-0001-6193-6011
https://orcid.org/0000-0002-2480-4527
https://orcid.org/0000-0002-9792-7384
https://orcid.org/0000-0002-3725-7710
https://orcid.org/0000-0002-5387-2772
https://orcid.org/0000-0002-1857-4606
https://orcid.org/0000-0001-8661-6751
https://orcid.org/0000-0002-0304-029X
https://orcid.org/0000-0002-6281-9287
https://orcid.org/0000-0003-3141-6175
https://orcid.org/0000-0002-0156-0056
https://orcid.org/0000-0001-9862-0192
https://orcid.org/0000-0001-7855-0385
https://orcid.org/0000-0003-1895-8789
https://orcid.org/0000-0002-6011-2720
https://orcid.org/0000-0001-7664-5786
https://orcid.org/0000-0002-6838-2311
https://orcid.org/0000-0001-6692-0828


 

 • September 2026 • Diagnostic and Interventional Radiology Denizoğlu et al. 

High-risk breast lesions comprise a 
heterogeneous group of proliferative 
lesions that are considered precursors 

to breast carcinogenesis and are associated 
with an increased risk of developing breast 
cancer.1-3 These lesions include atypical 
ductal hyperplasia (ADH), lobular neoplasia 
(LN) (atypical lobular hyperplasia and lob-

ular carcinoma in situ), flat epithelial atypia, 
radial scar/complex sclerosing lesions, and 
papillomas with or without atypia.4,5 Papillary 
lesions, which are the focus of the present 
study, are identified in approximately 6% 
of image-guided core needle biopsies and 
encompass a broad histopathological spec-
trum. This spectrum ranges from benign 
intraductal papillomas to papillomas asso-
ciated with atypia (including ADH, LN, and 
ductal carcinoma in situ), as well as papillary 
ductal carcinoma in situ, solid papillary car-
cinoma, and encapsulated papillary carcino-
ma, posing challenges in both diagnosis and 
clinical management.6-8

The optimal management of papillary 
lesions diagnosed by image-guided biopsy 
remains controversial. Recent studies have 
identified factors associated with the risk of 
malignancy upgrade, suggesting that con-
servative management may be appropriate 
in selected cases.1,6,7 However, distinguishing 
benign from malignant papillary lesions re-
lies on identifying a continuous myoepitheli-
al cell layer, which can be difficult to assess in 
limited or fragmented core biopsy samples.9 
Consequently, lesions initially diagnosed as 
benign papillomas on core needle biopsy 
may be upgraded to atypia or malignancy 
following surgical excision.9,10 Although rou-
tine surgical excision was previously recom-

mended for high-risk lesions, its necessity 
for benign papillary lesions is increasingly 
questioned, as clinical, radiological, and 
pathological findings do not always reliably 
predict malignancy risk, potentially leading 
to unnecessary surgical procedures.1 Atyp-
ia is the most important determinant of the 
biological behavior of papillary lesions. Pap-
illomas without atypia are associated with a 
2–3-fold increased risk of breast cancer com-
pared with the general population, whereas 
papillomas with atypia confer a substantially 
higher risk of up to 5–7-fold. Additional fac-
tors associated with increased risk include 
lesion size, presence of symptoms, distance 
from the nipple, microcalcifications on mam-
mography, and lesion multiplicity.11-13

This study aimed to determine malignant, 
high-risk, and overall diagnostic upgrade 
rates following surgical excision of papillary 
breast lesions diagnosed by image-guided 
biopsy and to identify clinical and imaging 
factors associated with overall diagnostic up-
grade. The findings are intended to support 
individualized, evidence-based multidisci-
plinary decision-making.

Methods
This retrospective multicenter study in-

cluded 527 patients from 30 centers diag-

Main points

•	 The malignant upgrade rate was 14.2% in 
papillomas without atypia and 45.8% in 
those with atypia.

•	 Radiologic–pathologic concordance was as-
sociated with 46% lower odds of diagnostic 
upgrade. 

•	 Each 1-mm increase in lesion size was as-
sociated with a 2% increase in the odds of 
diagnostic upgrade, and each additional 
year of patient age was associated with an 
approximately 3% increase in the odds of 
diagnostic upgrade. 

•	 The presence of symptoms was associated 
with 69% higher odds of diagnostic up-
grade. 

•	 Atypia, older age, larger lesion size, symp-
toms, mammographic microcalcifications 
and asymmetry, and radiologic–pathologic 
discordance should be considered when 
planning the management of papillary 
breast lesions.

PURPOSE
This study aimed to determine malignant, high-risk, and overall diagnostic upgrade rates after surgical excision of image-guided biopsy-proven intraduct-
al papillomas and to identify factors associated with overall diagnostic upgrade.

METHODS
In this retrospective multicenter study, 527 surgically excised papillary lesions from 30 centers were evaluated. Malignant upgrade was defined as malig-
nancy at excision after a biopsy diagnosis of papilloma with or without atypia; high-risk upgrade was defined as a high-risk lesion at excision after papillo-
ma without atypia. Overall diagnostic upgrade comprised either outcome. Multivariable logistic regression assessed age, lesion size, risk status, presence 
of symptoms, and radiologic–pathologic concordance.

RESULTS
Papilloma without atypia accounted for 407 lesions, and papilloma with atypia for 120. The overall malignant upgrade rate was 21.4% (113/527). Among 
papillomas without atypia, high-risk and malignant upgrade rates were 19.7% (80/407) and 14.2% (58/407), respectively; among papillomas with atypia, 
malignant upgrade was 45.8% (55/120). Overall diagnostic upgrade occurred in 36.6% (193/527). Multivariable analysis identified older age [odds ratio 
(OR), 1.03 per year; 95% confidence interval (CI), 1.02–1.05], larger lesion size (OR, 1.02 per mm; 95% CI, 1.00–1.03), presence of symptoms (OR, 1.69; 95% CI, 
1.15–2.49), and radiologic–pathologic discordance (concordance OR, 0.54; 95% CI, 0.35–0.84) as independent predictors of upgrade. Microcalcifications 
(OR, 2.47; 95% CI, 1.27–4.85) and asymmetry (OR, 2.18; 95% CI, 1.12–4.25) on mammography were also significantly associated with upgrade.

CONCLUSION
In this retrospective multicenter cohort of surgically excised, biopsy-proven papillary lesions, atypia and several clinical and imaging factors were associ-
ated with diagnostic upgrade. These findings may support individualized management decisions in patients with papillary breast lesions.

CLINICAL SIGNIFICANCE
Identifying clinical and imaging predictors of upgrade may facilitate risk-adapted management of papillary breast lesions and help avoid unnecessary 
surgical excision in carefully selected patients.

KEYWORDS
Intraductal papilloma, papillary breast lesions, atypia, core needle biopsy, diagnostic upgrade



Predictors of upgrade in breast papillomas • 

nosed with papillary lesions on image-guid-
ed biopsy who subsequently underwent 
surgical excision. The study was approved 
by the Acıbadem University and Acıbadem 
Healthcare Group’s Medical Research Eth-
ics Committee (ATADEK; decision no. 2024-
6/227, date: 18 April 2024). Informed consent 
was waived due to the study’s retrospective 
design.

Study population

The source cohort initially comprised 
1,000 patients with papillary lesions diag-
nosed on image-guided biopsy. Of these, 
473 patients who did not undergo subse-
quent surgical excision were excluded, leav-
ing 527 surgically excised lesions for analysis 
(Figure 1). Accordingly, the analytic cohort 
represents the surgically excised subset rath-
er than the full population of biopsy-diag-
nosed papillomas.

Data collection and imaging evaluation

Data extracted from medical records in-
cluded demographic characteristics (age, 
risk factors, and presenting symptoms); im-
aging modalities [mammography, ultraso-
nography, and magnetic resonance imaging 
(MRI) and corresponding findings; lesion size 
(mm); Breast Imaging Reporting and Data 
System (BI-RADS) category (3, 4A, 4B, 4C, or 
5); biopsy technique (core needle or vacuum 
assisted); needle gauge (7–12 or 14–16 G); 
and the number of tissue samples (< 4 or ≥ 
4) obtained during biopsy. The imaging guid-
ance modality [ultrasound (US), mammogra-
phy, or MRI] was recorded for each case.

All imaging data were retrieved from the 
Picture Archiving and Communication Sys-
tem. Mammography, US, and MRI findings 
were reviewed at the participating centers 
by breast radiologists with at least 5 years 
of experience using BI-RADS terminology. 
The final BI-RADS category for each lesion re-
flected the integrated assessment of all avail-
able imaging modalities by the interpreting 
breast radiologist at the participating center. 
When MRI was available, MRI findings were 
considered along with mammographic and/
or ultrasonographic findings in assigning 
the final BI-RADS category. Mammographic 
findings were recorded as present or ab-
sent; when present, they were classified as 
asymmetry, mass, microcalcifications, or 
architectural distortion. In cases with micro-
calcifications, morphology was categorized 
as amorphous, coarse heterogeneous, fine 
pleomorphic, or fine linear branching, and 
distribution as grouped, segmental, regional, 

linear, or diffuse, in accordance with BI-RADS 
descriptors. Newly developed or increasing 
calcifications on follow-up imaging were 
classified as suspicious. US findings were 
recorded as present or absent and, when 
present, categorized as “mass” or “non-mass.” 
For patients who underwent MRI, lesions 
were classified according to the BI-RADS MRI 
lexicon as mass or non-mass enhancement 
based on contrast enhancement patterns. 
For statistical analysis, MRI findings were also 
analyzed separately within the subgroup of 
patients who underwent MRI. Imaging as-
sessments were performed at the participat-
ing centers, and no central imaging re-review 
or formal interobserver agreement analysis 
was performed.

Histopathological evaluation and defini-
tions

Image-guided biopsy results were cate-
gorized as papilloma without atypia or pap-
illoma with atypia. Final surgical pathology 
was classified as benign, high-risk, or malig-
nant. Malignant upgrade was defined as ma-
lignancy at surgical excision after a biopsy di-
agnosis of papilloma with or without atypia. 

High-risk upgrade was defined only for pap-
illomas without atypia that were classified as 
high-risk at excision. Papillomas with atypia 
that remained high-risk at excision were not 
considered upgraded. Overall diagnostic up-
grade comprised either malignant upgrade 
or high-risk upgrade. Rates were calculated 
using the relevant denominator for each out-
come.

Radiologic–pathologic concordance was 
recorded at the participating centers after 
image-guided biopsy and was defined as 
whether the biopsy histology adequately 
explained the imaging findings of the tar-
geted lesion. Surgical excision pathology 
was not used to define biopsy concordance. 
The multicenter dataset did not include a 
central blinded re-review, formal consensus 
adjudication, or interobserver agreement 
analysis.

Statistical analysis

All analyses were performed using the R 
programming language (R Foundation for 
Statistical Computing, Vienna, Austria) in the 
RStudio environment (Posit Software, PBC, 
Boston, MA, USA). Statistical significance was 

Figure 1. Study flowchart showing patient selection from the initial 1,000 biopsy-diagnosed papillary 
lesions to the 527 surgically excised lesions and the post-excision pathological outcomes.
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set at P < 0.05 with 95% confidence intervals 
(CIs). Distribution of continuous variables 
was assessed using Q-Q plots, the Kolmog-
orov–Smirnov test, and measures of skew-
ness and kurtosis. Continuous variables were 
summarized as mean ± standard deviation or 
median (interquartile range), as appropriate; 
categorical variables were expressed as fre-
quencies and percentages. The Mann–Whit-
ney U test was used for continuous variables, 
and the chi-square or Fisher’s exact test was 
used for categorical variables.

A multivariable logistic regression mod-
el was used to evaluate the associations of 
age, lesion size, risk status, symptoms, and 
radiologic–pathologic concordance with 
overall diagnostic upgrade. In addition, BI-
RADS category was analyzed separately and 
was not entered simultaneously with radio-
logic–pathologic concordance in this model 
because the final BI-RADS category repre-
sented an integrated imaging assessment 
and showed a strong association with ra-
diologic–pathologic concordance (Cramér’s 
V=0.69), indicating substantial overlap in 
the imaging-related information captured 
by these variables. The association between 
BI-RADS category and radiologic–pathologic 
concordance was quantified using Cramér’s 
V. Separate logistic regression models evalu-
ated mammographic, ultrasonographic, and 
MRI findings; the absence of the correspond-
ing finding served as the reference category. 
The Wald test was used to assess variables 
with more than two categories. Receiver op-
erating characteristic (ROC) curve analysis 
and the Youden index were used to evaluate 
lesion size for discrimination of papillomas 
with and without atypia; the area under the 
curve (AUC), sensitivity, specificity, and cor-
responding 95% CIs were calculated for the 
optimal threshold. Because only 10 patients 
underwent vacuum-assisted biopsy, no ad-
justed subgroup model was run; a descrip-
tive sensitivity check excluding these cases 
was reported.

Reporting guideline

This study was designed and reported in 
accordance with the Strengthening the Re-
porting of Observational Studies in Epidemi-
ology statement.

Results
Among the 527 papillary lesions, 407 

(77.2%) were papillomas without atypia, and 
120 (22.8%) were papillomas with atypia at 
biopsy. After surgical excision, 298 lesions 
(56.5%) were benign, 116 (22.0%) were high-

risk, and 113 (21.4%) were malignant. The 
overall malignant upgrade rate was 21.4% 
(113/527), and the overall diagnostic up-
grade rate was 36.6% (193/527).

Among papillomas without atypia, 80 of 
407 lesions (19.7%) showed high-risk up-
grade and 58 of 407 (14.2%) showed malig-
nant upgrade, yielding an overall diagnostic 
upgrade rate of 33.9% (138/407). Among 
papillomas with atypia, 55 of 120 lesions 
(45.8%) showed malignant upgrade. The 36 
lesions with atypia that remained high-risk 
after excision were not classified as high-risk 
upgrades (Table 1).

The BI-RADS categories were BI-RADS 
3 in 38 lesions (7.2%), 4A in 288 (54.6%), 4B 
in 137 (26.0%), 4C in 59 (11.2%), and 5 in 5 
(0.9%). Overall diagnostic upgrade rates in-

creased across categories from 18.4% in BI-
RADS 3 to 60.0% in BI-RADS 5 (Table 2). The 
final BI-RADS category represented the inte-
grated assessment of all available imaging 
modalities. The BI-RADS category showed a 
strong association with radiologic–patholog-
ic concordance (Cramér’s V=0.69), indicating 
considerable overlap in the imaging-related 
information captured by these variables; 
therefore, BI-RADS was evaluated separate-
ly rather than entered simultaneously with 
concordance into the multivariable model. 
The analytic database retained final pathol-
ogy in broad benign, high-risk, and malig-
nant categories; exact diagnoses of the two 
non-malignant BI-RADS 5 lesions and a com-
plete malignant subtype distribution were 
not consistently available across centers. 

Table 1. Biopsy diagnosis, surgical excision outcomes, and separate upgrade rates

Biopsy 
diagnosis

Total, n (%) Benign at 
excision, n 

(%)

High-risk at 
excision, n 

(%)

High-risk 
upgrade, 
n/N (%)

Malignant 
upgrade, 
n/N (%)

Overall 
diagnostic 
upgrade, 
n/N (%)

Papilloma 
without 
atypia

407 (77.2) 269 (66.1) 80 (19.7) 80/407 
(19.7)

58/407 
(14.2)

138/407 
(33.9)

Papilloma 
with atypia 120 (22.8) 29 (24.2) 36 (30.0) Not 

applicable
55/120 
(45.8)

55/120 
(45.8)

Total 527 (100) 298 (56.5) 116 (22.0)
80/407 
eligible 
(19.7)

113/527 
(21.4)

193/527 
(36.6)

High-risk upgrade was defined only for papillomas without atypia. Papillomas with atypia that remained high-risk at 
excision were not considered upgraded. Overall diagnostic upgrade comprised high-risk or malignant upgrade.

Figure 2. Age according to overall diagnostic upgrade status. Violin outlines show the distribution, box plots 
show the interquartile range with the central median line, individual dots represent patients, and the red 
dot and label indicate the median (50 years with upgrade and 46 years without upgrade).
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The clinical and lesion characteristics of 
patients according to overall diagnostic up-
grade status are summarized in Table 3.

The median age was 47 years. Patients 
with overall diagnostic upgrade were older 
than those without upgrade (median, 50 vs. 
46 years; P < 0.001) (Figure 2). A total of 301 
patients (57.1%) were symptomatic. Present-
ing symptoms included nipple discharge, 
nipple retraction, palpable mass, pain, 
and tenderness; pain and tenderness were 
non-specific symptoms. Upgrade occurred 
in 42.2% of patients who were symptomatic 
and 29.2% of patients who were asymptom-
atic (P = 0.002).

Median lesion size was greater in patients 
with upgrade than in those without upgrade 
(14 vs. 12 mm; P < 0.001) (Figure 3). In the ad-
justed model, each 1-mm increase in lesion 
size was associated with 2% higher odds of 
upgrade [odds ratio (OR), 1.02; 95% CI, 1.00–
1.03; P = 0.011], and each additional year of 
age was associated with 3% higher odds (OR, 
1.03; 95% CI, 1.02–1.05; P < 0.001). Presence 
of symptoms was associated with higher 
odds (OR, 1.69; 95% CI, 1.15–2.49; P = 0.008), 
whereas radiologic–pathologic concordance 
was associated with lower odds (OR, 0.54; 
95% CI, 0.35–0.84; P = 0.005) (Table 4).

In a separate ROC analysis evaluating le-
sion size for discrimination of papillomas 
with and without atypia, the Youden index 
identified an optimal threshold of 23.5 mm. 
The AUC was 0.608 (95% CI, 0.560–0.657), 
with a sensitivity of 26.6% (95% CI, 21.0–32.9) 
and a specificity of 92.3% (95% CI, 88.6–95.0) 
at this threshold.

Biopsy was performed under US guidance 
in 97.5% of cases, mammographic guidance 
in 1.9%, and MRI guidance in 0.6%. Core nee-
dle biopsy was used in 517 patients (98.1%) 
and vacuum-assisted biopsy in 10 (1.9%). 
Needle gauge was 14–16 G in 96.6% and 
7–12 G in 3.4%. Three of 10 vacuum-assist-
ed biopsy cases (30.0%) showed overall di-
agnostic upgrade. After excluding these 10 
cases, the upgrade rate was 36.8% (190/517), 
similar to the full-cohort rate of 36.6%; no ad-
justed sensitivity model was run because of 
the extremely small subgroup.

Mammography was available in 383 pa-
tients (72.6%). Findings included microcal-
cifications in 46 (12.0%), asymmetry in 49 
(12.8%), mass in 162 (42.3%), and architec-
tural distortion in 10 (2.6%); 116 patients 
(30.2%) had no mammographic abnormality. 
In separate mammographic models, asym-
metry (OR, 2.18; 95% CI, 1.12–4.25; P = 0.02) 

and microcalcifications (OR, 2.47; 95% CI, 
1.27–4.85; P = 0.008)  were associated with 
upgrade. Mass and architectural distortion 
were not statistically significant (Table 5).

US was available in 523 patients (99.2%); 
among 515 patients with a US-detected le-
sion, 457 had a mass, and 58 had a non-mass 
finding. In addition, MRI was performed in 
239 patients (45.3%); among 226 patients 
with an MRI-detected lesion, 175 had mass 
enhancement, and 51 had non-mass en-
hancement. US and MRI morphology were 
evaluated in separate modality-specific 
models and were not significantly associated 
with upgrade (Table 5).

Radiologic–pathologic concordance was 
present in 402 patients (76.3%), specifically, 
in 131 of 193 patients with upgrade (67.9%) 

and 271 of 334 without upgrade (81.1%). 
Representative non-upgraded and malig-
nantly upgraded cases are shown in Figures 
4 and 5.

Discussion
This large multicenter study demon-

strated an overall malignant upgrade rate 
of 21.4% and an overall diagnostic upgrade 
rate of 36.6% among surgically excised, bi-
opsy-proven papillary lesions. The marked 
difference in malignant upgrade between 
papillomas with and without atypia, along 
with the contribution of clinical, imaging, 
and radiologic–pathologic factors, supports 
a risk-adapted rather than uniform manage-
ment approach. Because the analysis was re-
stricted to lesions that proceeded to surgical 

Figure 3. Lesion size according to overall diagnostic upgrade status. Violin outlines show the distribution, 
box plots show the interquartile range (IQR) with the central median line, individual dots represent patients, 
and the red dot and label indicate the median. Median lesion size was 14 mm (IQR, 15 mm) in patients with 
upgrade and 12 mm (IQR, 8.75 mm) in patients without upgrade. CI, confidence interval.

Table 2. Overall diagnostic upgrade rates according to BI-RADS category

BI-RADS category Total lesions, n (%) Lesions with upgrade, 
n

Upgrade rate within 
category, %

3 38 (7.2) 7 18.4

4A 288 (54.6) 92 31.9

4B 137 (26.0) 58 42.3

4C 59 (11.2) 33 55.9

5 5 (0.9) 3 60.0

Total 527 (100) 193 36.6

P < 0.001 by chi-square test for the overall distribution across BI-RADS categories. BI-RADS, Breast Imaging Reporting 
and Data System.
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excision, the reported upgrade rates reflect 
a surgically selected population and should 
be interpreted within this clinical context. 
Separating the outcomes improved inter-
pretation. Papillomas without atypia showed 
a 19.7% high-risk upgrade rate and a 14.2% 
malignant upgrade rate, whereas papillo-
mas with atypia showed a 45.8% malignant 
upgrade rate. These findings fall within the 
broad ranges previously reported for papillo-
mas with and without atypia,6,11,12,16,17 and the 
relatively high estimates in the present study 
are consistent with its surgically selected 
population. High-risk outcomes in lesions al-
ready diagnosed with atypia at biopsy were 
not counted as upgrades.

Older age, larger lesion size, presence of 
symptoms, and radiologic–pathologic dis-
cordance emerged as independent predic-
tors of overall diagnostic upgrade in the mul-
tivariable model. Each additional year of age 
and each 1-mm increase in lesion size were 
associated with 3% and 2% higher odds of 
upgrade, respectively, and the presence of 
symptoms was associated with 69% high-
er odds. In contrast, radiologic–pathologic 
concordance was associated with 46% lower 
odds of upgrade. Taken together, these find-
ings suggest that upgrade risk is influenced 
by a combination of patient-related, le-
sion-related, and radiologic–pathologic fac-
tors rather than by any single parameter. The 
association between lesion size and upgrade 
is consistent with the findings obtained by 
Oktay et al.1 and Salisbury et al.,15 although 
other studies have not identified a reliable 
size threshold.14 

The ROC analysis identified a 23.5-mm 
lesion-size threshold for distinguishing pap-
illomas with and without atypia. However, al-
though specificity was high (92.3%), sensitivi-
ty was low (26.6%) and overall discrimination 
was modest (AUC, 0.608; 95% CI, 0.560–0.657). 
 
Therefore, lesion size alone is insufficient 
for reliable discrimination, and the 23.5-mm 
threshold should be interpreted alongside 
other clinical, imaging, and pathological fac-
tors rather than as a standalone clinical de-
cision cut-off. The protective association of 
radiologic–pathologic concordance further 
emphasizes the importance of post-biopsy 
imaging–pathology correlation. In this ret-
rospective dataset, concordance reflected 
whether biopsy histology adequately ex-
plained the imaging findings of the target-
ed lesion. However, the absence of central 
blinded re-review, formal consensus adjudi-
cation, and interobserver agreement testing 
limits assessment of reproducibility across 

Table 3. Comparison of clinical and lesion characteristics according to overall diagnostic 
upgrade

Variable Patients with upgrade 
(n=193)

Patients without upgrade 
(n=334)

P value

Age* < 0.001

Mean ± SD 52.9 ± 13.2 47.3 ± 12.3

Median (IQR) 50 (21) 46 (16)

Risk factors present, n (%) 43 (22.3) 84 (25.1) 0.52

Symptoms present, n (%) 127 (65.8) 174 (52.1) 0.002

Lesion size (mm)* < 0.001

Mean ± SD 20.2 ± 19.4 14.4 ± 11.9

Median (IQR) 14 (15) 12 (8.75)

BI-RADS category, n (%) < 0.001

3 7 (3.6) 31 (9.3)

4A 92 (47.7) 196 (58.7)

4B 58 (30.1) 79 (23.7)

4C 33 (17.1) 26 (7.8)

5 3 (1.6) 2 (0.6)

Radiologic–pathologic 
concordance present, 
n (%)

131 (67.9) 271 (81.1) < 0.001

*Variables are presented as both mean ± standard deviation and median (interquartile range). Continuous variables 
were compared using the Mann–Whitney U test; categorical variables were compared using the chi-square or 
Fisher’s exact test, as appropriate. The P value for BI-RADS represents the overall comparison across categories. SD, 
standard deviation; IQR, interquartile range; BI-RADS, Breast Imaging Reporting and Data System.

Table 4. Multivariable logistic regression model for overall diagnostic upgrade

Variable Adjusted OR 95% CI P value

Radiologic–pathologic concordance 0.54 0.35–0.84 0.005

Lesion size 1.02 1.00–1.03 0.011

Age 1.03 1.02–1.05 < 0.001

Risk factors present 0.92 0.59–1.43 0.70

Symptoms present 1.69 1.15–2.49 0.008

The dependent variable was overall diagnostic upgrade. Reference categories were radiologic–pathologic 
discordance for concordance, absence of risk factors for risk status, and absence of symptoms for symptom status; 
ORs for age and lesion size represent the change associated with each 1-year and 1-mm increase, respectively. 
BI-RADS category was evaluated separately and was not included in the primary multivariable model because of its 
strong association with radiologic–pathologic concordance (Cramér’s V=0.69), indicating considerable overlap in 
the imaging-related information captured by these variables. OR, odds ratio; CI, confidence interval; BI-RADS, Breast 
Imaging Reporting and Data System.

Table 5. Association of imaging findings with overall diagnostic upgrade in separate 
modality-specific logistic regression models

Modality Finding Upgrade, n/N (%) OR 95% CI P value

Mammography Asymmetry 24/49 (49.0) 2.18 1.12–4.25 0.02

Mammography Mass 58/162 (35.8) 1.27 0.79–2.05 0.33

Mammography Architectural distortion 6/10 (60.0) 3.41 0.93–13.9 0.07

Mammography Microcalcifications 23/46 (50.0) 2.47 1.27–4.85 0.008

Ultrasonography Mass 157/457 (34.4) 0.52 0.06–4.40 0.52

Ultrasonography Non-mass finding 32/58 (55.2) 1.23 0.14–10.83 0.84

MRI Mass enhancement 66/175 (37.7) 1.08 0.73–1.60 0.70

MRI Non-mass enhancement 20/51 (39.2) 1.16 0.62–2.12 0.64

Each imaging modality was analyzed in a separate logistic regression model. For mammographic variables, the 
reference category was absence of the corresponding mammographic finding. For ultrasonographic and MRI 
findings, the reference categories were no ultrasound-detected lesion and no MRI-detected lesion, respectively. OR, 
odds ratio; CI, confidence interval; MRI, magnetic resonance imaging; BI-RADS, Breast Imaging Reporting and Data 
System.
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centers. Upgrade rates increased with high-
er BI-RADS categories, but the 18.4% rate in 
BI-RADS 3 lesions should not be generalized 
to routine BI-RADS 3 practice. These lesions 
were a small, selected subgroup that under-
went biopsy and surgical excision. The final 
BI-RADS category represented an integrated 
assessment of all available imaging modali-
ties and showed a strong association with ra-
diologic–pathologic concordance (Cramér’s 
V=0.69), suggesting considerable overlap in 
the imaging-related information captured 
by these variables. To reduce redundancy, BI-
RADS was evaluated separately rather than 
entered simultaneously with concordance 
into the multivariable model. In our study, 
mammography findings of asymmetry and 
microcalcifications were significantly associ-
ated with diagnostic upgrade, whereas the 
presence of a mass or architectural distortion 
was not. In contrast, no significant associ-
ation was observed between ultrasonog-
raphy or MRI findings and upgrade. These 
findings are consistent with previous studies 
suggesting that individual imaging features 
may have limited predictive value when con-
sidered in isolation.11,12,14-17 However, ultraso-
nography and MRI findings in the present 
study were categorized primarily as mass vs. 
non-mass lesions, and detailed morpholog-
ical features were not analyzed separately. 
In addition, MRI was available in only 45.3% 
of patients, and diffusion-weighted imaging, 
apparent diffusion coefficient values, and 
other detailed MRI characteristics were not 
consistently available because of the retro-
spective multicenter design. These limita-
tions may have reduced our ability to fully 
assess the predictive contribution of ultra-
sonography and MRI features. Furthermore, 
technical factors such as biopsy method, 
needle gauge, and number of samples were 
not analyzed in detail because of their highly 
unbalanced distribution across centers. The 
small number of vacuum-assisted biopsies 
also limited meaningful comparison. Howev-
er, excluding the 10 vacuum-assisted biopsy 
cases yielded an overall diagnostic upgrade 
rate of 36.8%, very similar to the 36.6% rate 
observed in the full cohort. Previous stud-
ies have reported lower upgrade rates with 
vacuum-assisted biopsy and have proposed 
vacuum-assisted excision as a potential al-
ternative to surgical excision for selected 
papillomas without atypia.6,11,18-20 Given the 
limited number of vacuum-assisted biopsy 
cases in the present study, these observa-
tions should be interpreted in the context 
of the existing literature rather than as direct 
evidence from our cohort. 

Several additional limitations should be 
acknowledged. First, the retrospective multi-
center design inevitably introduced hetero-
geneity in imaging protocols, biopsy tech-
niques, needle gauges, sample numbers, and 
pathological assessment across participating 
centers. In addition, imaging and pathology 
were not subjected to standardized central 

review, and intercenter agreement was not 
formally assessed. Moreover, detailed ultra-
sonographic and MRI descriptors were not 
uniformly available, and potentially relevant 
variables such as lesion multiplicity and dis-
tance from the nipple were not consistently 
recorded. Likewise, detailed histopatholog-
ic subtype information was not uniformly 

Figure 4. Representative non-upgraded papilloma. (a) A 34-year-old patient presenting with breast pain had 
an oval, circumscribed, hypoechoic intraductal nodule in the left retroareolar region on ultrasound (US), (b) 
homogeneous enhancement of the circumscribed retroareolar nodule on subtraction magnetic resonance 
imaging, and (c) US-guided core needle biopsy of the lesion. Core biopsy showed intraductal papilloma 
without atypia; surgical excision showed intraductal papilloma with stromal fibrosis, dilated benign ducts, 
and columnar cell hyperplasia, without diagnostic upgrade.

a

c

b

Figure 5. Representative malignantly upgraded papilloma. (a) A 41-year-old patient presenting with 
a palpable mass had a peripherally located, oval, microlobulated, hypoechoic 28×18-mm mass with 
vascularity on Doppler ultrasound (US), (b) a corresponding microlobulated oval mass on the right 
mediolateral oblique mammogram, and (c) US-guided core needle biopsy. Core biopsy showed intraductal 
papilloma with atypia; surgical excision showed invasive solid papillary carcinoma.

a

c b
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available for all malignant lesions or for the 
two non-malignant BI-RADS 5 cases. These 
limitations may have reduced the precision 
of modality-specific analyses and should be 
considered when interpreting the findings. 
Despite these limitations, the large multi-
center cohort and comprehensive assess-
ment of clinical, imaging, biopsy, and ra-
diologic–pathologic factors strengthen the 
clinical relevance of our findings and provide 
a broad perspective on diagnostic upgrade 
in papillary breast lesions.

In this multicenter cohort, papillomas 
with atypia had a substantially higher ma-
lignant upgrade rate than those without 
atypia. Older age, larger lesion size, presence 
of symptoms, asymmetry and microcalci-
fications on mammography, and radiolog-
ic–pathologic discordance were associated 
with overall diagnostic upgrade. These fac-
tors may support individualized multidisci-
plinary decisions regarding surgical excision. 
Because the study population consisted of 
surgically excised lesions, the observed up-
grade rates should be interpreted within this 
clinical context. Further prospective multi-
center studies with standardized protocols 
are warranted to validate these findings and 
refine risk-adapted management strategies 
for papillary breast lesions.
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