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Abstract
Objectives To assess whether mammographic breast density in women diagnosed with breast cancer correlates with the total 
number of incidental magnetic resonance imaging (MRI)-detected lesions and the likelihood of the lesions being malignant.
Methods Patients diagnosed with breast cancer meeting the EUSOBI and EUSOMA criteria for preoperative breast MRI 
routinely undergo mammography and ultrasound before MRI at our institution. Incidental suspicious breast lesions detected 
in MRI are biopsied. We included patients diagnosed with invasive breast cancers between 2014 and 2019 who underwent 
preoperative breast MRI. One reader retrospectively determined breast density categories according to the  5th edition of the 
BI-RADS lexicon.
Results Of 946 patients with 973 malignant primary breast tumors, 166 (17.5%) had a total of 175 (18.0%) incidental MRI-
detected lesions (82 (46.9%) malignant and 93 (53.1%) benign). High breast density according to BI-RADS was associ-
ated with higher incidence of all incidental enhancing lesions in preoperative breast MRIs: 2.66 (95% confidence interval: 
1.03–6.86) higher for BI-RADS density category B, 2.68 (1.04–6.92) for category C, and 3.67 (1.36–9.93) for category D 
compared to category A (p < 0.05). However, high breast density did not predict higher incidence of malignant incidental 
lesions (p = 0.741). Incidental MRI-detected lesions in the contralateral breast were more likely benign (p < 0.001): 18 
(27.3%)/48 (72.7%) vs. 64 (58.7%)/45 (41.3%) malignant/benign incidental lesions in contralateral vs. ipsilateral breasts.
Conclusion Women diagnosed with breast cancer who have dense breasts have more incidental MRI-detected lesions, but 
higher breast density does not translate to increased likelihood of malignant incidental lesions.
Clinical relevance statement Dense breasts should not be considered as an indication for preoperative breast MRI in women 
diagnosed with breast cancer.
Key Points 
• The role of preoperative MRI of patients with dense breasts diagnosed with breast cancer is under debate.
• Women with denser breasts have a higher incidence of all MRI-detected incidental breast lesions, but the incidence of  
   malignant MRI-detected incidental lesions is not higher than in women with fatty breasts.
• High breast density alone should not indicate preoperative breast MRI.
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Abbreviations
BI-RADS  Breast Imaging Reporting & Data System
DCIS  Ductal carcinoma in situ
DWI  Diffusion-weighted imaging
MRI  Magnetic resonance imaging

Introduction

Breast cancer is the most frequently diagnosed new can-
cer in women globally [1]. Although mammography and 
ultrasound are the primary imaging modalities in breast 
cancer diagnostics, preoperative breast magnetic resonance 
imaging (MRI) has gained a growing role in preoperative 
evaluation [2, 3]. Breast MRI offers high overall sensitiv-
ity with reported moderate pooled specificity (52–75%) in 
detecting breast cancer [4–6]. Breast MRI also offers high 
sensitivity in detection of additional lesions that are occult 
in clinical examination, mammography, and ultrasound 
[7–10]. The prevalence of incidental MRI-detected lesions 
has been reported to range between 11 and 29% [11–15]. 
Currently, the predisposing factors to incidental malignant 
lesions remain unknown.

The association between high breast density and elevated 
breast cancer risk is well documented [16]. High breast den-
sity lowers the sensitivity of mammography [17, 18], and it 
has been proposed that supplemental MRI screening might 
benefit women with extremely dense breasts [19]. Although 
no evidence supports the use of preoperative breast MRI in 
any indication from the perspective of improved disease-free 
or overall survival [14, 20], current European oncological 
and radiological guidelines [21, 22] and American oncologi-
cal guidelines [23] suggest considering preoperative breast 
MRI for patients diagnosed with breast cancer who have 
mammographically dense breasts.

It remains to be established whether women with dense 
breasts have more incidental MRI-detected breast lesions 
and higher yield of malignant lesions than women with 
non-dense breasts. In a large registry-based study published 
in 2022, Onega et al [23] showed that women with dense 
breasts who undergo preoperative MRI have higher biopsy 
rates without a concomitant higher rate of MRI-detected 
incidental malignant lesions. Onega et al were not able to 
attribute the results conclusively to MRI due to the registry-
based nature of their study [23]. Furthermore, a cohort study 
by Elmi et al [15] with 388 patients (201 imaged with digital 
mammography and 187 with tomosynthesis) suggested that 
the ability of MRI to detect additional malignancies was 
similar in non-dense and dense breasts.

Our aim was to evaluate whether mammographic breast 
density associates with (1) the total number of incidental 

lesions and (2) the number of malignant incidental lesions 
detected in MRI in a large cohort of women who underwent 
mammography and ultrasound imaging prior to preopera-
tive MRI. We also evaluated the influence of laterality and 
histological types of primary cancer on the incidence and 
malignancy of MRI-detected lesions.

Materials and methods

Study population

From 2014 to 2019, approximately 3300 women were 
diagnosed with breast cancer at Tampere University Hos-
pital (catchment area of 530,000 people). We retrospec-
tively reviewed all patients who underwent preoperative 
breast MRI examinations during this period. The study 
was approved and the need for patients’ consent was 
waived with research permission granted by the Institu-
tional Review Board of Tampere University Hospital (study 
code: R19627S) in accordance with the national laws and 
regulations.

In our hospital, patients suspected of having a breast can-
cer undergo bilateral breast mammograms and an ultrasound 
examination of the breasts and axillae according to the Euro-
pean guideline [21]. Indications for preoperative staging of 
patients with invasive breast cancer undergoing breast MRI 
during the study period were (1) poor demarcation of pri-
mary tumor on mammography, (2) breast tumor with lobular 
histology, (3) biopsy-confirmed axillary metastasis without 
known primary tumor, (4) suspicion of multifocal disease 
based on mammography or ultrasound if breast-conserving 
surgery was planned, (5) inconclusive findings on conven-
tional breast imaging, and (6) known genetic predisposition 
to breast cancer. However, patients with genetic predisposi-
tion to breast cancer who underwent breast MRI only as part 
of the screening protocol were not included. The indications 
used to refer women with invasive cancer to preoperative 
breast MRI conform to the major current treatment guide-
lines [2, 3, 21, 22, 24, 25]. Incidental MRI-detected lesions 
deemed not benign (i.e., Breast Imaging Reporting & Data 
System (BI-RADS) 3, 4, and 5 lesions) are routinely biop-
sied preoperatively in our institution to avoid the need for 
radiological follow-up.

We included women who fulfilled the following inclusion 
criteria: (1) MRI performed after bilateral mammography 
and ultrasound and (2) histopathologically confirmed inva-
sive primary breast cancer (i.e., patients with non-invasive 
primary breast cancers were excluded). We excluded patients 
with ductal carcinoma in situ (DCIS), as we expected the 
rate of incidental MRI-detected lesions to be lower among 
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patients with DCIS than among those with invasive carci-
noma. Indeed, Keymeulen et al [26] reported that only 19% 
of the women with the diagnosis of DCIS in their sample 
underwent breast MRI. Of those who underwent MRI, 0.8% 
had a contralateral DCIS and 1.3% had a contralateral inva-
sive carcinoma not detected on mammography. Women with 
missing hormone receptor parameters, insufficient mammo-
graphic images, or insufficient MRI scans were excluded 
from this study (Fig. 1).

Data collection

All radiological reports were manually reviewed by two 
readers: Ai.S. (radiology consultant with 4 years of exper-
tise in breast radiology) and M.T. (medical degree student). 
Information regarding the patients’ radiological findings in 
respect to the presence of incidental MRI-detected lesions 
was recorded from the Picture Archiving and Communica-
tion System. Patient characteristics, including the histopa-
thology of the primary tumors and incidental lesions, were 
collected from the hospital’s electronic database.

MRI protocol

The women were imaged with either 1.5-T (Siemens 
Magnetom Aera, Siemens AG) or 3.0-T (Philips Ingenia, 
Philips Healthcare Company) scanners using dedicated 
breast coils during the study period. T1- and T2-weighted 
and dynamic contrast-enhanced sequences were imaged. 
Routine use of diffusion-weighted imaging (DWI) 

sequences was introduced in August 2019, but DWI 
was only added as part of a different study and was not 
used to characterize incidental lesions during the study 
period. Details of the MRI sequences are provided in 
Supplementary materials. The MRI examinations were 
performed in the prone position with dedicated breast 
coils. A fixed dose of 14 ml gadoteric acid (Dotarem 
279.3 mg/ml, Guerbet S) was used as an intravenous MRI 
contrast agent.

Breast density evaluation and determination 
of the location of the incidental MRI‑detected lesion

Mammographic breast densities were retrospectively 
divided into four categories according to the  5th edition 
of the BI-RADS lexicon [27] (Fig. 2) from digital full-field 
mammograms by an experienced breast radiologist (Aa.S.) 
with 8 years of experience in breast radiology. The reader 
was blinded to the presence and the final histopathology 
of the incidental MRI-detected lesions.

MRI images were reviewed by a radiology consultant 
(Ai.S.) for conformation of the incidental MRI-detected 
lesions’ location, which was recorded as follows: (1) lesion 
in the same breast quadrant as the primary tumor, (2) 
lesion in a different quadrant but in the same breast as the 
primary tumor, and (3) lesion in the contralateral breast. If 
the patient had known bilateral breast cancer prior to the 
breast MRI, the incidental lesion was located according to 
the disease in the ipsilateral breast (Fig. 3).

Fig. 1  Flowchart describing the 
patient selection
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Evaluation of histopathological samples

Primary tumors and incidental MRI-detected lesions were 
biopsied under either ultrasound guidance (14G core nee-
dles) or MRI guidance (10G vacuum needles). In the case of 
BI-RADS 3–5 incidental MRI-detected lesions, ultrasound-
guided core needle biopsy was performed immediately after 
breast MRI; if the lesion required MRI-guided biopsy or 

if the histopathology of the biopsied lesion was discord-
ant with the imaging findings, the lesion was (re-)biopsied 
within 3 weeks after MRI.

Core needle and surgical samples were evaluated by in-
house breast pathologists. Radio-histopathological review 
of the biopsied lesions was carried out in multidisciplinary 
breast meetings that occur twice a week to ensure that rep-
resentative samples were obtained. Incidental MRI-detected 

Fig. 2  BI-RADS  5th edition 
breast density categories

Fig. 3  Incidental MRI-detected 
lesions not visible on bilateral 
mammograms or ultrasound 
were biopsied if they were BI-
RADS 3–5 lesions. Two cases 
of incidental lesions (a fibroad-
enoma of 5 mm (A) and a 
carcinoma of no special type of 
7 mm (B)) detected in women in 
their mid-60s with breast cancer 
were not detected prior to MRI 
on either mammography or 
ultrasound. Long arrows point 
to the primary tumor and short 
arrows to the incidental MRI-
detected lesion. MLO, mediolat-
eral oblique; CC, craniocaudal; 
C+, contrast enhanced
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lesions were classified as benign or malignant (both inva-
sive and non-invasive malignant tumors) based on their 
histopathology.

Statistical analysis

The data were analyzed with SPSS (IBM SPSS Statis-
tics for Windows, Version 27.0, IBM Corp.). Nominal 
values are presented as absolute values and percent-
ages. Continuous variables are expressed as means and 
standard deviations unless otherwise stated. Chi-square 
or Fisher’s exact tests were used to investigate the asso-
ciation between nominal variables based on the sizes of 
the groups. Binary logistic regression analysis was used 
to evaluate whether the breast density, laterality of the 
incidental lesion in relation to the primary tumor, or the 
histopathological subtype of the primary tumor is asso-
ciated with the presence of MRI-detected incidental or 
malignant incidental lesions. Odds ratios are presented 
only if the finding is statistically significant. The anal-
yses (including the logistic regression analyses) were 
performed on a breast level (i.e., the two breasts were 
included separately in the analysis when the patient had 
bilateral disease known prior to breast MRI) unless oth-
erwise stated. A p-value of 0.05 or less was considered to 
indicate statistical significance.

Results

Study populations

During the study period, 1049 patients with malignant breast 
tumors (non-invasive and invasive) underwent preoperative 
breast MRI after mammography and ultrasound. Ninety-two 
patients (8.8%), reflecting the institutional indications for 
MRI, had non-invasive ductal carcinoma in situ and were 
thus excluded; the remaining 957 (91.2%) patients had inva-
sive breast tumors (Fig. 1). Prior to preoperative breast MRI, 
30 patients (2.9%) were known to have bilateral breast can-
cers. Of patients with invasive primary cancers, two were 
excluded due to incomplete pathological results, seven due 
to missing mammographic images, and two due to insuffi-
cient MRI scans. In summary, 946 patients (mean age 59.75 
years, SD 11.75 years, age range 29–87 years) with a total of 
973 primary breast malignancies (bilateral cancers, n = 27, 
considered as independent diseases) were included (Fig. 1). 
Patient characteristics are presented in Table 1.

Incidence of MRI‑detected lesions and their 
prevalence in density groups

Among the 946 women with known breast cancers, 166 
(17.5%) were recommended for biopsies of 175 MRI-
detected BI-RADS 3–5 lesions. The biopsies confirmed 

Table 1  Characteristics of all 
patients and those diagnosed 
with either malignant or benign 
incidental MRI-detected lesions 
or only malignant incidental 
MRI-detected lesions

a BI-RADS category 3–5 lesions
b Cutoff value of ≥ 1% was used to define positive hormone receptor status (estrogen and progesterone)

All patients
N = 946

Patients with at least 
one incidental  lesiona

n = 166

Patients with at 
least one malignant 
incidental lesion
n = 77

n % n % n %

Age (mean (years), SD, min–max) 59.75, 11.75, 29–87 59.14, 11.85, 31–85 59.14, 12.19, 
34–85

Primary tumor histology
  Invasive cancer of no special type 672 71.0 118 71.1 52 67.5
  Lobular 223 23.6 39 23.5 22 28.6
  Other 51 5.4 9 5.4 3 3.9

Intrinsic  subtypeb

  Luminal A 322 34.0 67 40.4 36 46.8
  Luminal B 515 54.4 84 50.6 35 45.5
  Basal-like 63 6.7 8 4.8 2 2.6
  HER2-enriched 46 4.9 7 4.2 4 5.2

Breast density
  A 66 7.0 4 2.4 3 3.9
  B 384 40.6 67 40.4 31 40.3
  C 360 38.1 64 38.6 29 37.7
  D 136 14.4 31 18.7 14 18.2
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93 (53.1%) of these lesions as benign and 82 (46.9%) as 
malignant (both invasive and non-invasive malignant inci-
dental lesions). None of the histological types of the pri-
mary invasive cancer increased the incidence of all inci-
dental lesions (p = 0.972) or malignant incidental lesions 
(p = 0.305; Table 2). Furthermore, the laterality of biop-
sied lesions was not associated with the incidence of (1) 
all MRI-detected lesions (p = 0.955) or (2) only malignant 
lesions (p = 0.083) in any histological groups of primary 
cancer (Table 3). The location of the lesion in the ipsilat-
eral breast was significantly associated with the malignity 
of the lesion (64 (58.7%) malignant in ipsilateral breast, 
18 (27.3%) malignant in contralateral breast (p < 0.001)). 
Benign incidental lesions were equally distributed into ipsi-
lateral and contralateral breasts: 45 (48.4%) ipsilateral vs. 48 
(51.6%) contralateral. A total of 116 (12.3%) women (with 
119 known cancers) were imaged with a 1.5-T scanner and 
830 (87.7%; with 854 known cancers) with a 3.0-T scanner. 
Those scanned with a 1.5-T scanner had fewer incidental 
MRI-detected biopsy-requiring lesions and malignant MRI-
detected incidental lesions: 10 (8.4%) and 4 (3.4%) vs. 158 
(18.5%) and 75 (8.8%), respectively (p = 0.006/0.043 for all 
and malignant MRI-detected incidental lesions).

Sixty-six (7.0%) patients were categorized as having 
BI-RADS density A, 384 (40.6%) BI-RADS density B, 

360 (38.1%) BI-RADS density C, and 136 (14.4%) BI-
RADS density D. The incidence of benign and malignant 
incidental MRI-detected lesions was not significantly 
higher in denser breasts according to the Chi-square test 
(p = 0.062). However, the odds ratio for either benign 
or malignant incidental lesions was 2.66 (95% confidence 
interval (CI): 1.03–6.86) higher for BI-RADS density 
category B, 2.68 (1.04–6.92) for category C, and 3.67 
(1.36–9.93) for category D in comparison to density cat-
egory A (p < 0.05; Table 1 and Fig. 4). Higher breast 
density was not significantly associated with the number 
of malignant incidental lesions (p = 0.741) and did not 
statistically increase the risk of being diagnosed with inci-
dental MRI-detected malignant breast lesions (Fig. 4). The 
odds ratio for malignant incidental lesions in the breast 
was 1.43 (95% CI: 0.49–4.19) for BI-RADS density cat-
egory B, 1.38 for category C (0.47–4.06), and 1.82 for 
category D (95% CI: 0.58–5.75) in comparison to density 
category A (p = 0.744; Fig. 4). When breast density was 
dichotomized as high (BI-RADS density categories C+D) 
and low (BI-RADS density categories A+B), no signifi-
cant differences were observed in the incidence of all (95 
(18.7%) high vs. 73 (15.7%) low, p = 0.227) or malignant 
(43 (8.4%) high vs. 36 (7.8%) low, p = 0.694) incidental 
MRI-detected lesions.

Table 2  Incidence of all MRI-
detected lesions (n = 175) and 
only malignant MRI-detected 
lesions (n = 82) in different 
histological subtypes of the 
primary breast cancer

a BI-RADS category 3–5 lesions

Primary carcinoma

No special type
n = 695

Lobular
n = 234

Other
n = 51

p-value

n % n % n %

All incidental MRI-detected  lesionsa 123 17.7 43 18.4 9 17.6 0.972
Malignant MRI-detected incidental 

lesions
54 7.8 25 10.7 3 5.9 0.305

Table 3  Distribution of laterality of all incidental lesions and only 
malignant incidental lesions in different histological subtypes of the 
primary breast cancer. Numbers represent the total numbers of all 

and malignant incidental lesions in ipsilateral/contralateral breasts, 
respectively. Percentage share indicates the proportion of all con-
tralateral and malignant contralateral incidental MRI-detected lesions

a Ipsilateral/contralateral side
b Percentage share of contralateral incidental MRI-detected lesions
c BI-RADS category 3–5 lesions

Primary carcinoma

No special type Lobular Other p-value

na %b na %b na %b

All incidental MRI-detected  lesionsc 76/47 38.2 27/16 37.2 6/3 33.3 0.955
Malignant incidental MRI-detected lesions 43/11 20.4 19/6 24.0 2/1 33.3 0.832
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Discussion

In our sample, approximately one in five women undergo-
ing preoperative breast imaging had incidental MRI-detected 
lesions. Approximately half of the incidental lesions were 
malignant. Our main finding is that women with denser 
breasts had a higher prevalence of incidentally detected breast 
lesions, but they did not have more malignant incidentally 
detected breast lesions. We conclude that higher breast density 
alone should not indicate preoperative breast MRI, as malig-
nant MRI-detected lesions are not statistically more common 
in women with dense breasts. Using dense breasts as an indi-
cation for preoperative MRI would increase the woman’s risk 
of undergoing unnecessary biopsy for benign incidental MRI-
detected lesions without the added benefit in detecting more 
malignant breast lesions. Furthermore, the histopathological 
subtype of the primary cancer did not predict the laterality or 
malignancy of the MRI-detected incidental lesions, but the 
ipsilateral MRI-detected lesions were more commonly malig-
nant than contralateral MRI-detected lesions.

High breast density has been associated with elevated 
breast cancer risk [16, 28, 29]. Furthermore, high breast 
density decreases the sensitivity of digital mammography 
[17, 18]. Current diagnostic guidelines for breast cancer 
treatment suggest considering preoperative breast MRI for 
women with breast cancer who have dense breasts [21–23]. 
Our study is, we believe, the first one to show that women 
with dense breasts have more incidental findings but are not 
at greater risk of being diagnosed with malignant inciden-
tal MRI-detected lesions. Our conclusions are supported by 
Onega et al [23], who in 2022 showed with a registry-based 
sample of 19,324 women that women with dense breasts 
who undergo preoperative MRI have higher biopsy rates 
without a concomitant higher rate of malignant lesions. 
However, Onega et al were not able to attribute the results 
conclusively to MRI due to the registry-based nature of their 

study [23]. Importantly, the rate of incidental MRI-detected 
breast lesions and malignant incidental MRI-detected breast 
lesions in our study (17.5% and 8.7%, respectively) is in line 
with previous studies that have reported the prevalence of 
incidental and malignant incidental lesions to range between 
10.9 and 29.1% and between 4.2 and 12.9%, respectively 
[11–13, 15, 23].

Given the high malignancy rate of MRI-detected lesions, 
incidental MRI-detected lesions cannot be ignored. The 
literature suggests that the BI-RADS-based morphologi-
cal and kinetic features do not accurately rule out malig-
nancy of incidental lesions [8, 14]. DWI has been proposed 
as a potential method to differentiate benign and malignant 
lesions [7, 30]. However, although DWI can reduce the num-
ber of unnecessary biopsies (i.e., false positive findings) by 
20.9% without affecting sensitivity in the diagnostics of pri-
mary breast tumors [30], it cannot rule out malignancy of 
all incidental MRI-detected lesions. Most incidental MRI-
detected lesions still warrant histopathological sampling. 
Indeed, the importance of our finding and the significance of 
the continuous evaluation of MRI indications are underlined 
by the fact that the MRI-detected lesions warrant further 
evaluation because they cannot, with confidence, be deemed 
benign based on their imaging features.

Our study has several strengths. Despite being a retro-
spective single-center study, it is one of the largest published. 
Furthermore, all patients underwent both mammographic 
and ultrasound examinations prior to MRI; indications for 
preoperative breast MRI in our institution adhered to the 
international guidelines [2, 22]; and, according to the local 
practice, all BI-RADS 3–5 lesions were biopsied after MRI. 
Furthermore, breast density was evaluated by one reader 
blinded to the MRI findings. However, the study also has 
limitations. Density estimation was performed by one expe-
rienced breast radiologist. An automated density estimation 
tool could help to improve the generalizability of the study. 

Fig. 4  Incidence of all inciden-
tal lesions and malignant inci-
dental lesions in BI-RADS  5th 
edition breast density categories 
(n = 973). Whiskers indicate 
95% confidence intervals
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We chose to analyze images visually to study the effect of 
the breast density categories according to the  5th edition of 
BI-RADS. Raw images were not available for all the patients 
and the commercially available automatic density evalua-
tion tools, such as Volpara (Volpara Solutions) and Densitas 
(Densitas Inc.) [31], were therefore not of use. In addition, 
we did not study the effect of breast density on preopera-
tive mammographic, sonographic, and MRI evaluation of 
tumor size. In the future, multicenter studies are needed to 
evaluate the criteria for preoperative breast MRI. Finally, we 
encourage further efforts, including development and test-
ing of novel sequences, to rule out malignancy of incidental 
MRI-detected lesions with greater confidence.

In conclusion, we found that women with dense breasts 
have a higher overall incidence of incidental MRI-detected 
breast lesions than women with non-dense breasts. However, 
increased breast density did not associate with statistically 
higher incidence of malignant incidental lesions. We con-
clude that breast density alone should not be considered as 
an indication for preoperative breast MRI.
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