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Abstract

Objective:  To determine whether invasive lobular carcinoma (ILC) extent is more accurately 
depicted with preoperative MRI (pMRI) than conventional imaging (mammography and/or 
ultrasound).
Methods:  After IRB approval, we retrospectively identified women with pMRIs (February 2005 to 
January 2014) to evaluate pure ILC excluding those with ipsilateral pMRI BI-RADS 4 or 5 findings 
or who had neoadjuvant chemotherapy. Agreement between imaging and pathology sizes was 
summarized using Bland-Altman plots, absolute and percent differences, and the intraclass cor-
relation coefficient (ICC). Rates of underestimation and overestimation were evaluated and their 
associations with clinical features were explored.
Results:  Among the 56 women included, pMRI demonstrated better agreement with pathology 
than conventional imaging by mean absolute difference (1.6 mm versus −7.8 mm, P < 0.001), per-
cent difference (10.3% versus −16.4%, P < 0.001), and ICC (0.88 versus 0.61, P = 0.019). Conventional 
imaging more frequently underestimated ILC span than pMRI using a 5 mm difference threshold 
(24/56 (43%) versus 10/56 (18%), P  <  0.001), a 25% threshold (19/53 (36%) versus 10/53 (19%), 
P = 0.035), and T category change (17/56 (30%) versus 7/56 (13%), P = 0.006). Imaging–pathology 
size concordance was greater for MRI-described solitary masses than other lesions for both MRI 
and conventional imaging (P < 0.05). Variability of conventional imaging was lower for patients ≥ 
the median age of 62 years than for younger patients (SD: 12 mm versus 22 mm, P = 0.012).
Conclusion:  MRI depicts pure ILC size more accurately than conventional imaging and may have 
particular value for younger women.
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Introduction
Invasive lobular carcinoma (ILC) is the second most common 
histologic type of invasive breast cancer and accounts for 
10%–15% of all invasive breast malignancies, and its in-
cidence is steadily increasing (1). Its histopathologic and 
molecular features, typically including loss of E-cadherin, 
estrogen receptor positivity, a low-to-moderate proliferation 
index, and its discrete metastatic profile have led many to 
consider it a distinct disease from its invasive ductal coun-
terpart (2). From an imaging standpoint, ILC can be par-
ticularly challenging to detect by conventional imaging with 
mammography and/or ultrasound due to its infiltrative and 
poorly cohesive growth pattern and minimal surrounding 
desmoplastic reaction (3,4). The sensitivity of mammog-
raphy in ILC detection is reported as 57%–81%, compared 
to sensitivity benchmarks of 87.8% for diagnostic mam-
mography (5) and 86.9% for screening mammography (6) 
for all breast cancers. The sensitivity of ultrasound to de-
tect ILC has been reported to have a slightly higher range 
of 68%–98% (7), though it should be noted that there are 
no clear sensitivity benchmarks for this modality for women 
with all mammographic densities. The wide ranges of re-
ported accuracy in the depiction of ILC by conventional im-
aging are likely due to the propensity of ILC to be of equal 
or lower density than adjacent normal fibroglandular tissue, 
ill-defined mass shape and margins, frequent presentation as 
architectural distortion or a one-view finding, and lack of as-
sociated suspicious calcifications when compared to invasive 
ductal carcinoma (IDC), resulting in both over- and under-
estimation of disease extent (7).

Preoperative breast MRI is now commonly used to more 
accurately determine, compared to conventional mammo-
gram and/or ultrasound alone, the extent of newly diagnosed 
breast cancer. Due to the challenging imaging presentation of 
ILC, several medical societies, including the American Society 
of Breast Surgeons, the National Comprehensive Cancer 
Network, the European Society of Breast Cancer Specialists, 
and the European Society of Breast Imaging, recommend 

particular consideration of preoperative MRI for patients 
with ILC. Although the sensitivity of MRI for ILC detection 
is higher than mammography and ultrasound (range: 83%–
100%), data on the accuracy of MRI to determine maximal 
ILC span are mixed, possibly owing to variable MRI tech-
nique and methodology (8–10). Furthermore, because ILC 
is often associated with multifocal cancers, some of which 
have mixed lobular and ductal phenotypes, it can be chal-
lenging to determine whether imaging overestimations and 
underestimations of ILC described in the literature are due to 
false-positive findings on MRI, presence of additional ductal-
phenotype breast carcinoma, differences in how total span is 
reported on imaging (often including skip areas of normal 
tissue) versus pathology, or a truly inaccurate imaging depic-
tion of the tumor (11).

Accordingly, we sought to evaluate the relative accuracy 
of MRI versus conventional imaging (mammography and/or 
ultrasound) to determine the final pathologic span of pure 
ILC, defined as an ILC without associated ductal carcinoma 
in situ (DCIS) or IDC, at a single-institution academic center. 
Because MRI often identifies additional suspicious non-
contiguous findings that may be reported with the index ma-
lignancy as a single maximal span, we excluded ILC lesions 
with additional non-contiguous suspicious areas of enhance-
ment in order to maximize the accuracy of imaging versus 
pathology comparisons.

Methods

Study Design
We performed a retrospective analysis of a clinical MRI 
database linked to institutional pathology outcomes. This 
Health Insurance Portability and Accountability Act–com-
pliant study was approved by our institutional review board, 
which waived the need for informed consent. We identi-
fied all patients who underwent preoperative MRI to fur-
ther evaluate a newly diagnosed ILC on core-needle biopsy 
from February 2005 to January 2014. All preoperative MRIs 
were performed within 3 months after a core-needle biopsy 
diagnosis of ILC and before primary surgical treatment. 
A Consolidated Standards of Reporting Trials flow diagram 
describing inclusion and exclusion of subjects is provided in 
Figure 1. Core-needle biopsies that included coexisting DCIS 
or IDC were excluded, as were MRIs with significant tech-
nical issues or additional Breast Imaging Reporting and Data 
System (BI-RADS) (12) category 0, 3, 4, or 5 lesions that could 
indicate multifocality or multicentricity. Finally, women who 
underwent neoadjuvant chemotherapy prior to surgery, had 
a final surgical result including IDC or DCIS (rather than 
pure ILC), or did not have a final surgical pathology report 
in our system were also excluded. It should be noted that all 
patients in this study were included in a separate paper on 
clinical factors that can determine the performance of pre-
operative MRI to find additional disease (13). The method-
ology of that paper was distinct, as it included all types of 

Key Messages
	•	 MRI depicts invasive lobular carcinoma (ILC) pathologic 

size more accurately than conventional imaging, which 
more often underestimates ILC size and the T category 
of stage.

	•	 ILC presenting as a solitary mass on MRI had greater 
imaging-to-pathology size concordance than those pre-
senting as multiple masses, non-mass enhancement 
(NME), or mixed mass and NME.

	•	 Accuracy of conventional imaging for ILC span was bet-
ter in women aged 62 years (the median age) and older 
than in those younger than 62 years, while MRI accur-
acy was not affected by age.
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breast cancers (not limited to ILC) and did not evaluate ac-
curacy of MRI to depict pathologic span of disease.

MRI Acquisition
All breast MRIs were performed in accordance with the 
American College of Radiology Breast MRI Accreditation 
Program standards. Prior to 2010, exams were performed 
on a 1.5T scanner (LX, GE Healthcare, Waukesha, WI). 
From January 2010 to January 2014, MRIs were performed 
on a 3T scanner (Achieva Tx, Philips Healthcare, Best, the 
Netherlands). All scans used a dedicated breast coil and each 
protocol included bilateral acquisition of a pre-contrast, fat-
suppressed, T2-weighted, fast-spin echo sequence followed 
by a T1-weighted dynamic contrast-enhanced sequence 
with one pre-contrast and at least three post-contrast, fat-
suppressed, 3D fast-gradient echo acquisitions. K-space 
centering for initial post-contrast acquisitions was between 
90 and 120 seconds after contrast administration, and final 
delayed acquisitions were centered between 4.5 and 7.5 

minutes after contrast administration. Gadolinium contrast 
agent (before November 2010: Omniscan, GE Healthcare, 
Waukesha, WI; from November 2010: ProHance, Bracco 
Diagnostics, Princeton, NJ) was power injected (0.1 mmol/
kg at 2 ml/s) followed by a 20 ml saline flush.

Patient and Tumor Features
Patient characteristics were abstracted from the electronic 
medical record, including patient age, race, background par-
enchymal enhancement (BPE), and breast density. Breast 
density was divided into non-dense breasts (almost entirely 
fatty (BI-RADS category a) and scattered fibroglandular 
densities (category b)) and dense breasts (heterogeneously 
dense (category c) and extremely dense (category d)). Maximal 
size on conventional imaging (mammography and/or ultra-
sound) and MRI was abstracted from radiology reports. 
A single largest size for conventional imaging was reported 
rather than individual span for mammography and ultra-
sound because our conventional imaging reports provided 
only a largest span based on those two modalities rather than 
describing the spans for each modality independently. Lesion 
type on MRI (mass, multiple similar-appearing masses, non-
mass enhancement (NME), or mixed mass/es and NME) and 
conventional imaging (mass or focal asymmetry without cal-
cifications, architectural distortion, pure calcifications, or 
mixed mass and calcifications) was also recorded. Of note, 
all lesions included in the study were categorized on MRI 
as BI-RADS category 6, indicating that even when multiple 
masses or mixed mass/es and NME were present, their prox-
imity to the index mass (typically ≤2cm edge to edge) and 
appearance allowed for the finding to be considered a single 
lesion. In all MRI cases, the single largest dimension recorded 
for that BI-RADS category 6 lesion was utilized. In 5 women 
for whom no maximal mammography or ultrasound size 
was described in the radiology report, retrospective meas-
urement of maximal size was performed by a study radi-
ologist (H.R., 10  years of post-residency breast imaging 
experience) blinded to the MRI and final pathology span. 
Maximum contiguous pathologic size, the presence of associ-
ated lobular carcinoma in situ (LCIS), T category of the stage 
(14), Nottingham grade, and immunohistochemical markers 
(estrogen receptor, progesterone receptor, and HER2) were 
extracted from pathology reports. Finally, surgical outcomes, 
including initial surgery approach (mastectomy versus breast 
conservation therapy) and any subsequent re-excisions were 
obtained from the electronic medical record.

Maximal MRI lesion size and conventional imaging size 
were compared to the maximal ILC span recorded on the sur-
gical pathology reports. Underestimation and overestimation 
by conventional imaging versus MRI were evaluated using 
multiple thresholds: (1) absolute size difference of ±5 mm; 
(2) relative size difference of ±25%; and (3) whether size dif-
ference led to a change in the T category of the stage. These 
thresholds were chosen because 5 mm is the most widely ac-
cepted threshold to determine absolute concordance between 

Figure 1.  Consolidated Standards of Reporting Trials diagram 
summarizing patients included in the study. Abbreviations: DCIS, 
ductal carcinoma in situ; ILC, invasive lobular carcinoma.
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imaging and pathologic size in breast cancers (15–17), and 
25% was found, in a prior study, to best correlate with the 
5 mm cutoff but also provide a relative concordance evalu-
ation, taking into account tumor size (18). The difference be-
tween MRI and pathologic size was then compared to the 
size difference between conventional imaging and pathology 
in order to evaluate whether MRI more accurately depicts 
the disease extent of ILC.

Statistical Analysis
Absolute and percent differences in ILC span on imaging 
and pathology were summarized graphically using Bland-
Altman plots. Mean differences with pathology were tested 
using paired t-tests. Measurement variability was summar-
ized using the standard deviation of differences (SDD) be-
tween imaging and pathology. Overall agreement with 
pathology was summarized using the intraclass correlation 
coefficient (ICC). Classifications of discordances by each mo-
dality based on ±5 mm and ±25% thresholds were compared 
using the sign test. The T category was compared between 
imaging and pathology using the Wilcoxon signed-rank test. 
The mean difference and SDD were compared between clin-
ical subgroups using Welch’s t-test and the Fligner-Killeen 
test, respectively. All statistical calculations were conducted 
with the statistical computing language R (version 4.0.0; 
R Foundation for Statistical Computing, Vienna, Austria). 
Two-sided tests were used throughout, with statistical sig-
nificance defined as P < 0.05.

Results

Patient and Lesion Features
A total of 56 patients with ILC met the study criteria. Patient, 
tumor, and imaging characteristics are summarized in Table 1.  
The most common conventional imaging findings were 
masses or focal asymmetries without calcifications (37/56; 
66.1%) and architectural distortion (8/56; 14.3%). Most 
women had scattered fibroglandular densities (16/56; 28.6%) 
or heterogeneously dense (34/56; 60.7%) breast density on 
mammography, and minimal (23/56; 41.1%) or mild (20/56; 
35.7%) BPE on MRI. ILC lesions were described on MRI 
most frequently as a single mass (26/56; 46.4%), followed by 
NME (13/56; 23.2%), mixed mass and NME (8/56; 14.3%), 
multiple similar-appearing masses (6/56; 10.7%), and no en-
hancement at the site (3/56; 5.4%). No lesions were described 
as a focus of enhancement. Of the 3 patients with no MRI 
enhancement at the site of biopsy, 2 had no ILC on final path-
ology while 1 had an ILC tumor spanning 30 mm at surgery. 
Most ILCs were also accompanied by LCIS (41/56; 73.2%).

Of the 56 women, 38/56 (68%) underwent breast con-
servation and the remaining 18/56 (32%) underwent mast-
ectomy. Of the 38 women for whom breast conservation 
was performed, 4 underwent a single re-excision due to 
positive margins (4/38; 11%; 95% confidence interval (CI): 
3%–25%); none were converted to mastectomy.

Comparison of Imaging Span With 
Pathology Span
The distribution of absolute and percent size differences of 
MRI and conventional imaging versus pathology are de-
scribed in the Bland-Altman plots in Figure 2. The span of ILC 
ranged from 0 to 100 mm (median: 23 mm) on surgical path-
ology, 0 to 102 mm (median: 23 mm) on MRI, and 5 to 80 mm 
(median: 15 mm) on conventional imaging. On average, ILC 
span measured by MRI was 1.6 mm (95% CI: −1.8–4.9 mm) 

Table 1.  Patient Characteristics (N = 56)

Variable n/N (%)

Mean age, years (range) 62 (33–86)

Race  

  Caucasian 47/55 (85.5)

  Other 8/55 (14.5)

Breast density  

  Almost entirely fatty 2/56 (3.6)

  Scattered fibroglandular densities 16/56 (28.6)

  Heterogeneously dense 34/56 (60.7)

  Extremely dense 4/56 (7.1)

Conventional imaging lesion type  

  Mass or focal asymmetry without calcifications 37/56 (66.1)

  Architectural distortion 8/56 (14.3)

  Calcifications without mass 7/56 (12.5)

  Calcifications with mass 4/56 (7.1)

MRI lesion type  

  Single mass 26/56 (46.4)

  Multiple masses 6/56 (10.7)

  Non-mass enhancement 13/56 (23.2)

  Mass + non-mass enhancement 8/56 (14.3)

  None 3/56 (5.4)

Background parenchymal enhancement  

  Minimal 23/56 (41.1)

  Mild 20/56 (35.7)

  Moderate 8/56 (14.3)

  Marked 5/56 (8.9)

T category of stage  

  T1 24/56 (42.9)

  T2 20/56 (35.7)

  T3 12/56 (21.4)

Nottingham grade  

  1 13/53 (24.5)

  2 32/53 (60.4)

  3 8/53 (15.1)

Estrogen receptor status  

  Positive 54/56 (96.4)

  Negative 2/56 (3.6)

Progesterone receptor status  

  Positive 41/56 (73.2)

  Negative 15/56 (26.8)

HER2 status  

  Positive 2/54 (3.7)

  Negative 51/54 (94.4)

  Equivocal/indeterminate 1/54 (1.9)

Lobular carcinoma in situ component  

  Present 41/56 (73.2)

  Absent 15/56 (26.8)
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or 10.3% (95% CI: −1.6–22.1%) larger than pathologic 
span, neither of which were statistically significant (Table 2).  
In contrast, conventional imaging significantly underesti-
mated pathologic span by 7.8 mm (95% CI: 3.2–12.5 mm, 
P  <  0.001 compared to MRI) or 16.4% (95% CI: 5.9%–
26.8%, P < 0.001 compared to MRI). Span of ILC measured 
by MRI also had significantly higher overall agreement with 
pathologic span than ILC span measured by conventional 
imaging (ICC: 0.88 versus 0.61, P = 0.019).

Frequency of Overestimation and 
Underestimation With MRI and 
Conventional Imaging
MRI demonstrated no significant predilection to overesti-
mate versus underestimate ILC span. Specifically, when 
evaluating concordance using the ±5  mm threshold, 10/56 
(18%) were underestimated while 20/56 (36%) were over-
estimated on MRI (P = 0.099) (Table 3). Similarly, of the 53 

Figure 2.  Comparison of invasive lobular carcinoma lesion span on imaging versus pathology. Measurement results from MRI are shown 
on the top panel, and measurement results from conventional imaging with mammography and US are shown on the bottom panel. The 
left panels are Bland-Altman plots with the absolute difference between lesion span on imaging and pathology versus span on pathology. 
The mean absolute difference is shown by the dashed line, and limits of agreement are shown by the dotted lines, with the gray zone 
indicating differences of ±5 mm. The right panels are Bland-Altman plots with the percent difference between lesion span on imaging and 
pathology versus span on pathology. The mean percent difference and limits of agreement based on percent difference are shown by the 
dashed and dotted lines, respectively, and the gray zone indicates differences of ±25%. There were 3 cases with spans of zero on pathology 
that are not included on the right panels.
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lesions with non-zero size on pathology, 10/53 (19%) were 
underestimated and 18/53 (34%) overestimated disease by at 
least 25% on MRI (P = 0.18).

However, using conventional imaging, ILC lesions 
were more likely to be underestimated. Using the ±5 mm 
threshold, ILC span was underestimated in 24/56 (43%) 
lesions and overestimated in 8/56 (14%) (P  =  0.007). 
Similarly, of the 53 lesions with non-zero size on path-
ology, ILC span was underestimated in 19/53 (36%) and 
overestimated in 5/53 (9%) by at least 25% (P = 0.007) on 
conventional imaging.

When evaluating concordance using the T category, MRI 
and pathology agreed in 44/56 (79%) cases. Of the 12 dis-
agreements, similar numbers were underestimated and 
overestimated (7 and 5, respectively, P = 0.46) (Table 3). T 
category was less concordant between conventional imaging 
and pathology in 37/56 (66%), and there were more under-
estimations of T category than overestimations (17/56 (30%) 
versus 2/56 (4%), P < 0.001).

Overall, conventional imaging underestimated ILC 
span more than MRI according to any of the three criteria: 
the ±5  mm threshold (24/56 (43%) versus 10/56 (18%), 
P < 0.001), the ±25% threshold (19/53 (36%) versus 10/53 
(19%), P = 0.035), and a change in T category (17/56 (30%) 
versus 7/56 (13%), P = 0.006). Examples of ILC pathology 
span and concordance with MRI versus conventional im-
aging are provided in Figures 3–5.

Factors Affecting Imaging Accuracy of ILC Span
A subgroup analysis was performed to determine whether a 
number of clinical variables would impact the accuracy of MRI 
versus pathologic size (Supplemental Table 1) and mammog-
raphy/ultrasound versus pathologic size (Supplemental Table 
2). Solitary masses, as described on MRI, were associated with 
less measurement variability than other lesion types (multiple 
masses, NME, or both) for both MRI (SDD: 7  mm versus 
16 mm, P = 0.002) and conventional imaging (SDD: 12 mm 
versus 21 mm P = 0.016). No conventional imaging feature (eg, 
architectural distortion, mass and/or focal asymmetry, or calci-
fications) was associated with less measurement variability for 
either MRI or conventional imaging. Lesions in patients aged 
≥62 years (median age) also had significantly less measurement 
variability on conventional imaging compared to younger pa-
tients (SDD: 12 mm versus 22 mm, P = 0.012); however, age 
was not found to impact measurement variability for MRI. Of 
note, younger patients (<62 years) were more likely to have 
dense breasts (24/28 (86%) versus 14/28 (50%), P = 0.009) 
and less likely to have a solitary mass on MRI (7/28 (25%) 
versus 19/28 (68%), P = 0.003) than older patients.

Discussion
In this study of pure ILC, we found that MRI is more likely 
to demonstrate a maximal span that is concordant with final 
surgical  pathology size compared to conventional imaging 

Figure 3.  70-year-old woman who presented with a screening-detected mass in the right breast in the upper inner quadrant shown to be an 
invasive lobular carcinoma (ILC) (Nottingham grade II, estrogen and progesterone receptor positive, HER2 negative) with associated lobular 
carcinoma in situ on core-needle biopsy, which serves as an example of concordant depiction of the span of ILC on both conventional 
imaging and MRI when compared to final pathology. A: Diagnostic mediolateral oblique mammogram demonstrated an irregular mass 
with spiculated margins measuring 12  mm (arrow). B: Targeted US depicted a round mass with indistinct margins measuring 8  mm 
(arrows). C: MRI performed after core-needle biopsy and prior to surgery depicted the finding as an irregular mass with spiculated margins 
measuring 12 mm and containing a biopsy marker clip (arrow). Final pathologic size was 12 mm on mastectomy, which was concordant 
with maximal size on conventional imaging and MRI.

https://academic.oup.com/jbi/article-lookup/doi/10.1093/jbi/wbab015#supplementary-data
https://academic.oup.com/jbi/article-lookup/doi/10.1093/jbi/wbab015#supplementary-data
https://academic.oup.com/jbi/article-lookup/doi/10.1093/jbi/wbab015#supplementary-data
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with mammography and/or ultrasound. We also demon-
strated that conventional imaging tends to underestimate the 
size of ILC, whether using a 5 mm absolute threshold, a 25% 
threshold, or a change in the T category of stage. Importantly, 
conventional imaging underestimated the T category of ILC 
in 30% of cases, which may have implications for treatment 

planning and clinical trial eligibility. Finally, we demon-
strated that single mass lesions on MRI were more likely to 
be concordant with pathology than other lesion types.

Our study adds to the existing body of literature that 
suggests MRI depicts ILC span more accurately than con-
ventional imaging with mammography and ultrasound. The 

Figure 4.  70-year-old woman who presented with a self-detected mass in the right lower inner quadrant diagnosed on core-needle biopsy 
as invasive lobular carcinoma (ILC) (Nottingham grade 1, estrogen and progesterone receptor positive, HER2-negative) with associated 
lobular carcinoma in situ, which serves as an example of concordant estimation of the span of ILC on MRI with underestimation on 
conventional imaging. A: Diagnostic mediolateral oblique mammogram demonstrated skin thickening at the site of concern (arrow), but 
no definite mass. B: Targeted US demonstrated an ill-defined irregular-shaped mass with indistinct margins (arrows) that was difficult to 
measure but estimated to span 40 mm. C: MRI performed after biopsy demonstrated a total span of 92 mm of non-mass enhancement 
(circle) involving the lower inner and lower outer quadrants. Final pathologic size was 90 mm on mastectomy. Conventional imaging 
underestimated size based on the 5 mm, 25%, and T category of stage thresholds, while MRI was accurate using all three thresholds.

Figure 5.  66-year-old woman who presented with a screening-detected mass in the left breast in the upper outer quadrant diagnosed 
on core-needle biopsy as invasive lobular carcinoma (ILC) (Nottingham grade II, estrogen and progesterone receptor positive, HER2-
negative) with associated lobular carcinoma in situ, which serves as an example of overestimation of an ILC span on MRI with concordant 
depiction of span on conventional imaging. A: Diagnostic mediolateral oblique mammogram demonstrated an irregular-shaped mass with 
spiculated margins measuring 15 mm (arrow). B: Targeted US depicted an irregular mass with indistinct margins also measuring 15 mm 
(arrows). C: MRI performed after core-needle biopsy depicted the finding as an irregular mass with spiculated margins measuring 25 mm 
(arrow). Final pathologic size was 15 mm on mastectomy. MRI overestimated size by the 5 mm, 25%, and T category of stage thresholds, 
while conventional imaging was concordant using all three thresholds.
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potential value of MRI to provide a more accurate span of 
ILC prior to surgery has been reported in multiple single-
institution studies (8–10,19), with a meta-analysis of six 
studies estimating a correlation coefficient of 0.89 (95% CI: 
0.84–0.93) when comparing MRI and pathologic sizes (11). 
Our study also confirms findings from prior investigators, 
who demonstrated that conventional imaging with mam-
mography and/or ultrasound can significantly underestimate 
the span of ILC (9,20–25). Our study demonstrated that 
conventional imaging underestimates ILC by an average of 
7.8 mm (16%), with significant predilection for underestima-
tion using thresholds of ±5 mm and ±25% of size. Similar to 
our results, ultrasound underestimated ILC tumor size by an 
average of 27.2% in one prior study (24) and had a mean size 
underestimation of 10 mm in another (21), while mammog-
raphy under-staged 35%–48% of ILC cases out of 42 tumors 
in a third study (23). Further, Mann et al demonstrated that 
out of 68 ILC tumors, 19% were mammographically occult, 
and another 54% were underestimated by more than 10 mm 
on mammography (9).

Our study demonstrated that MRI more often overesti-
mated (34%–36%) than underestimated (18%–19%) ILC 
span using 5 mm and 25% thresholds, though this difference 
was not statistically significant. Lai et al also used a cutoff of 
±25% and found that MRI had a propensity toward overesti-
mation, with fairly similar rates when compared to our study 
(overestimation in 27.3% versus underestimation in 13.6%) 
(18). However, direct comparison of our study with many of 
the other prior studies is challenging due to widely varying 
methodologies, including inclusion of multifocal and/or 
multicentric ILC (8–10,26–29), presence of coexisting DCIS 
(9), and inconsistent metrics as to what constituted imaging-
to-pathology span concordance (9,26–29). For example, two 
different studies used a more lenient absolute threshold of 
10  mm and found underestimation with MRI in 13.9%–
15.9% and overestimation in 10.1%–11.1% (9,26), while 
another study used an extremely stringent threshold of 1 mm 
and demonstrated underestimation in 59.1% and overesti-
mation in 34.1% (27). Furthermore, two other studies de-
scribed overestimation and underestimation using accuracy 
of MRI to correctly identify multifocal and multicentric 
disease (28,29), which was excluded from this study.

A clinically important aspect of this study was assessment 
of discrepancies in the T category between imaging and final 
pathology. We found that MRI had similar underestimation 
and overestimation rates of the T category, while conven-
tional imaging underestimated the T category in 30% of cases, 
twice as often as MRI. Since T1 tumors cannot be underesti-
mated and T3 tumors cannot be overestimated (with respect 
to absolute size), the use of T category agreement between 
imaging and pathology weights this measure of accuracy to-
ward tumors in the study population that are close to the 
2 cm threshold for the T2 category and the 5 cm threshold 
for the T3 category. Accuracy of the T2 and T3 categories 
is clinically relevant for both medical and surgical oncology 

treatment planning, since such ILC tumors have improved 
breast conservation surgery outcomes after neoadjuvant 
chemotherapy (30,31). The T category of stage is also often 
an important clinical trial inclusion criterion. Furthermore, 
although appropriateness for primary breast conservation 
surgery versus mastectomy is dependent on tumor size to 
breast size ratio and tumor biology, breast conservation is 
most commonly performed for tumors smaller than 5  cm, 
which corresponds to T1 and T2 categories (32,33). Thus, 
our study suggests particular value for preoperative MRI in 
women with ILC for whom neoadjuvant chemotherapy and/
or breast conservation therapy are being considered.

We also explored the effect of various clinical, pathologic, 
and imaging variables on imaging-to-pathology size concord-
ance. Interestingly, ILC presentation as a single mass on MRI 
was associated with greater accuracy for both MRI and con-
ventional imaging span. To our knowledge, this represents a 
novel analysis that has not been previously reported and sug-
gests that ILC cases that present as NME or multiple masses 
are more likely to be challenging for accurate preoperative 
localization. We did not find the presence of LCIS to be asso-
ciated with overestimation on MRI, which is in contrast to at 
least one prior report (9). This lack of association may be due 
to the fact that LCIS was present in the majority (73.2%) of 
our cases, possibly representing a difference in pathology re-
porting style across institutions, especially in cases of atypia 
(34). Last, we found that variability between conventional 
imaging and pathology spans was less variable in women 
aged 62 years and older. This association was likely driven 
in part by the fact that younger patients were more likely to 
have dense breasts, and mammographic density is known to 
independently and adversely affect performance due to its 
ability to mask cancers. Furthermore, we found that older 
women were more likely to have a solitary mass on MRI 
than younger patients, which also likely decreased variability 
of conventional imaging span relative to pathologic size. Still, 
a more judicious approach for obtaining MRI might be con-
sidered for older women, especially in those with less dense 
breasts and significant comorbidities.

In this study, we demonstrate a re-excision rate of 11% 
for ILC with preoperative MRI, which compares favorably 
to recently published rates of up to 32.4% (102/314) at a 
similar academic institution (35). However, because we had 
no control cohort of women who did not receive MRI, we 
could not directly determine whether MRI itself is associated 
with improved surgical outcomes. A recent meta-analysis of 
766 patients with ILC across 19 studies indicated there were 
fewer re-excisions after initial breast conservation in the MRI 
cohorts than in the no-MRI cohorts (10.9% versus 18.0%, 
P = 0.031) (36). The fact that the re-excision rate from this 
study aligns well with that meta-analysis further strengthens 
the conclusion that preoperative MRI can provide particular 
benefit in this population.

Our study has several limitations. Patients with multi-
focal, multicentric, or contralateral disease were not included. 
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While this was done to allow for more accurate comparison 
of imaging to pathology span, these scenarios are particu-
larly common in ILC and may limit the generalizability of 
our findings. During the study period, subtypes of pleo-
morphic ILC and LCIS were not consistently reported, and it 
is possible that such subtypes are more likely to impact MRI 
estimations. We also excluded preoperative MRIs for women 
who underwent neoadjuvant chemotherapy; thus, our find-
ings cannot be generalized to assume post-neoadjuvant MRI 
for surgical planning can provide better depiction of residual 
disease than conventional imaging. We were not able to sep-
arately assess performance of ultrasound versus mammog-
raphy. Finally, our study pre-dated the use of digital breast 
tomosynthesis (DBT) for diagnostic applications at our in-
stitution, and it is possible that DBT could improve conven-
tional imaging performance.

Conclusions
In conclusion, our study found that preoperative MRI had 
superior absolute agreement with pathologic size com-
pared to conventional imaging with mammography and/or 
ultrasound. Conventional imaging consistently underesti-
mated ILC extent, whether evaluated in absolute terms or 
using various thresholds. We also found that the presence of 
a single mass on MRI was associated with a greater likeli-
hood of imaging-to-pathology size agreement compared with 
NME or multiple masses. Our results suggest that preopera-
tive MRI could provide particular value for surgical planning 
of ILC by allowing better depiction of disease, particularly 
for women who are found to have a single mass on MRI, are 
younger than 62 years of age, and are considering breast con-
servation therapy. Future prospective or randomly assigned 
studies with no-MRI control cohorts specifically for women 
with ILC are needed to evaluate whether this improved depic-
tion can allow for improved surgical and clinical outcomes.
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