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Introduction

Invasive lobular carcinoma (ILC) of the breast is the most com-
mon ‘special’ morphological subtype of breast cancer, comprising 
up to 15% of all cases. The cardinal feature of ILC is their inher-
ently discohesive phenotype largely attributable to E-cadherin loss. 
There are 4 recognizable histological patterns of ILC: classical, tra-
becular, solid, and alveolar. In classical ILC, the characteristic pat-
tern of growth involves the infiltration of single cells or single files 
of cells through the stroma, with little disturbance of the normal 
tissue architecture. Conversely, the solid and alveolar variants are 
both characterized by classic ILC cells (small, regular sized, and 
lacking cohesion) that are arranged in sheets (solid type) or in ag-
gregates of at least 20 cells (alveolar type) rather than in single 
cords of cells [1]. Furthermore, around 5% of all invasive breast 
tumours exhibit mixed features of both ductal and lobular differen-
tiation [2, 3]. 

Lobular intraepithelial neoplasia (LIN) frequently coexists with 
classical ILC in 90% of cases [4]. 95% of ILC express oestrogen re-
ceptor (ER), and 60–70% express progesterone receptor (PR) [5–
7]. The proliferation index (measured by Ki67 staining) is usually 
low, and this likely contributes to reduced response to chemother-
apy relative to patients with invasive ductal carcinoma (IDC) [1].

By virtue of their distinctive growth pattern and biology, lobular 
carcinomas have a substantially increased propensity for multifocal 
and multicentric distribution and for bilaterality [8–10]. Although 
associated with a less aggressive phenotype, this is offset by being 
more difficult to detect early, either by clinical examination or ra-
diological imaging [6]. ILC do not usually form distinct mass 
 lesions, making early diagnosis challenging [8, 11] and breast con-
servation approaches more difficult. 

Mammography [8, 12, 13], ultrasonography [14], and magnetic 
resonance imaging (MRI) [15] have limitations in the diagnosis of 
ILC [16]. Although MRI has been found to have a higher sensitiv-
ity than mammography [15, 17], its sensitivity is still lower than for 
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Summary
Background: Invasive lobular carcinoma (ILC) is charac-
terized by an infiltrative discohesive growth pattern, 
making it difficult to accurately assess both clinically and 
by imaging studies. Despite favourable biological char-
acteristics, challenges remain in the surgical treatment 
of ILC. We aimed to evaluate radiology/histology con-
cordance and identify histological and biological param-
eters on core biopsies that may predict final tumour his-
tology and guide surgical treatment decisions. Patients 

and Methods: The radiology and histology reports for all 
newly diagnosed cases of ILC were analysed. The biopsy 
and resection histological slides for all the surgical cases 
were reviewed. Results: 75 new cases of ILC were diag-
nosed over a 2-year period. 48 patients underwent sur-
gery of whom 25% had 2 or more operations. There was 
discordance between radiological and histological tu-
mour focality and tumour size in 35 and 40%, respec-
tively. The correlation between radiology/histology dis-
cordance and E-cadherin expression was statistically 
significant. However, the correlation between radiology/
histology discordance and menopausal status, breast 
density, pattern of invasion, presence of lobular intraepi-
thelial neoplasia (LIN), hormonal status, and Ki67 were 
not statistically significant. Conclusion: Histological and 
biological factors in ILC, with the exception of E-cadherin 
expression, do not seem to play a significant role in radi-
ology/histology discordance. However, larger studies are 
needed to further corroborate these findings.

© 2017 S. Karger GmbH, Freiburg

Published online: February 7, 2017

Duaa Abu-Sinn, MBBS 
Department of Histopathology
University Hospital Waterford
Dunmore Road, Waterford, Ireland
duaabusin@hotmail.com

© 2017 S. Karger GmbH, Freiburg



Abu-Sinn/O’Driscoll/MurphyBreast Care 2017;12:87–9188

other invasive cancers. This may be attributed to the fact that ILC 
shows only subtle enhancement and its distribution mimics that of 
normal breast parenchyma [16]. 

Given their unique, albeit clinically and radiologically unpre-
dictable, characteristics, there is a continuous debate regarding the 
optimal choice of surgery in ILC. There has been an increasing 
trend in recent years towards breast conserving surgery (BCS) as 
opposed to mastectomy. However, because of the infiltrative 
growth pattern and frequent discontinuities, there is a higher inci-
dence of resection margin involvement in ILC than for IDC [12].

The purpose of this study was to evaluate the correlation be-
tween radiological and histological parameters in ILC and to iden-
tify predictive factors on core biopsies which may impact radio-
logical appearance and final excision histology. The ultimate aim is 
to identify objective parameters to facilitate decision-making as to 
the best surgical option on an individual basis.

Patients and Methods

All biopsy-proven, newly diagnosed cases of ILC over 2 years (2013–2014) 
were included in the study. The cases were retrieved by SNOMED from the 
histopathology database at University Hospital Waterford (UHW), Ireland. 

Radiological evaluation by mammography, breast ultrasonography, and 
MRI was performed in all the cases prior to surgical intervention. The breast 
density as assessed by mammography was recorded. The imaging modality that 
contributed to determining the clinical tumour size was also documented. A 
breast MRI was performed to identify the local disease extent and disease focal-
ity (unifocal vs. multifocal), and in some cases to assess for bilateral 
involvement. 

A retrospective review of all the histological slides for all the cases that un-
derwent surgical treatment was performed. The corresponding core biopsy, ini-
tial surgical resection, and subsequent surgical resections (where applicable) 
were reviewed for each case by a consultant histopathologist with special inter-
est in breast pathology and a specialist histopathology trainee. The pattern of 
invasion was documented and comparisons were made between the core biopsy 
and resection specimens. The E-cadherin, ER, and PR status were documented. 

The radiological tumour size and tumour focality were correlated with the 
histological findings on the resection specimens. The radiological and histologi-
cal tumour sizes were considered discordant when the difference in size was 
more than 5 mm. The margin status was assessed in each individual case, and 
subsequent surgical treatment documented. A positive margin was defined as 
invasive tumour present on ink or lying less than 1 mm from the inked surgical 
resection margin.

The correlation between radiology/histology discordance and menopausal 
status, breast density, pattern of invasion, presence of LIN, E-cadherin expres-
sion, ER/PR status, and Ki67 was determined.

Data were analysed using Microsoft Excel (Microsoft, Redmond, WA, USA) 
and SPSS v.20 (IBM Corp., Armonk, NY, USA). Statistical analysis was per-
formed, where appropriate, using Fisher’s exact test with a significance level of 
< 0.05, and ANOVA with a confidence interval of 95%.

Results

A total of 75 new cases of ILC were diagnosed at UHW between 
January 2013 and December 2014. The median age at diagnosis 
was 68 years (range 37–97 years). 84% of cases occurred in post-
menopausal women. 

Almost two-thirds of the patients (64%, n = 48) underwent sur-
gery, while 36% (n = 27) did not have any form of surgery. The 
latter were either unsuitable for surgical intervention due to meta-
static disease at presentation or other comorbidities. Of those that 
underwent surgery, 75% (n = 36) had 1 operation, while 20.8%  
(n = 10) and 4.2% (n = 2) underwent 2 or more than 2 operations, 
respectively. 62.5% (n = 30) had mastectomy as the initial curative 
surgery, while 37.5% (n = 18) underwent BCS. Of those who had 
BCS, 61.1% (n = 11) had positive margins, of which 38.9% (n = 7) 
had additional surgery. 4 patients received neoadjuvant therapy 
prior to surgery.

Full radiological assessment (mammography, breast ultrasound, 
and MRI) was not able to identify the presence of tumour in 8.3% 
(n = 4/48) of patients. Tumour was suspected clinically in these pa-
tients, and clinical core biopsies showed ILC. Tumour was identi-
fied on MRI in 92% (n = 44/48) of cases, by ultrasonography in 
89.6% (n = 43/48), and by mammography in only 73% (n = 35/48). 

Patients who received neoadjuvant therapy (n = 4) were ex-
cluded from the analysis of radiology-histology correlations, as 
 neoadjuvant therapy precludes a correlation between pre-treat-
ment radiological size and post-treatment histological size. Simi-
larly, patients with negative imaging (n = 4) were also excluded. 40 
patients had diagnostic radiology and underwent surgery without 
receiving neoadjuvant therapy.

ILC was multifocal in 45% (n = 18/40) as confirmed by histol-
ogy. There was concordance between radiological and histological 
tumour focality in almost two-thirds of cases (65%, n = 26/40). 
There was discordance in 35% (n = 14/40). In 9 cases, radiology 
identified a unifocal tumour, whereas it was multifocal on final ex-
cision histology.

Tumour size ranged from 1.5-mm foci in multifocal disease to 
> 100 mm. There was concordance between radiological and final 
histological tumour size in 60% (n = 24). In the concordant cases, 
the variation in tumour size was 5 mm or less. In 40% (n = 16) of 
cases, the discordance between radiological and histological tu-
mour size exceeded 5 mm, with a range of 6–78 mm. In the 16 dis-
cordant cases, radiology underestimated the tumour size in 75%  
(n = 12) of cases, and overestimated it in a smaller proportion of 
cases (25%, n = 4). 

On mammography, breast density was dense, moderately dense, 
and fatty (low density) in 18.6, 74, and 7.4%, respectively. In 3 
cases, breast density was difficult to assess due to scarring following 
previous surgery for benign breast disease in 2 cases and breast im-
plants in a third case. The correlation between menopausal status 
and breast density was not statistically significant. In addition, the 
correlation between age at diagnosis, menopausal status, breast 
density, and radiology/histology discordance was also not statisti-
cally significant using ANOVA with a confidence interval of 95%.

The pattern of invasion was predominantly classical in 47.5% (n 
= 19), trabecular in 35% (n = 14), alveolar in 12.5% (n = 5), and 
solid in 5% (n = 2) (fig.  1). The correlation between histological 
pattern of invasion and radiology/histology discordance was not 
statistically significant using Fisher’s exact test (2-tailed p value = 
0.8676) (table 1). 
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E-cadherin immunohistochemistry was performed in all cases 
of newly diagnosed ILC. E-cadherin was negative in 81.3% (n = 61) 
and positive in 17.3% (n = 13), and there was mixed staining in 
1.3% (n = 1). The correlation between E-cadherin status and radi-
ology/histology discordance was significant using Fisher’s exact 
test (2-tailed p value = 0.0229).

LIN was present in core biopsy specimens in 22.5% (n = 9). Ra-
diology/histology discordance was 44.4 and 38.7% for cases with 
and without LIN, respectively. However, this association was not 
statistically significant using Fisher’s exact test (2-tailed p value = 
0.4777). 

A total of 75% were positive for both ER and PR (ER+/PR+), 
while the remainder were positive for ER and negative for PR 
(ER+/PR-). Radiology/histology discordance was 36.7 and 50% for 
cases which were ER+/PR+ and ER+/PR-, respectively. However, 
the association between ER/PR status and radiology/histology dis-
cordance was not statistically significant using Fisher’s exact test 
(2-tailed p value = 0.0661). 

The Ki67 proliferation index was low (< 10%) to borderline (10–
20%) in 87.2% of cases. Ki67 was not done in 1 case. The correlation 
between Ki67 and radiology/histology discordance was not statisti-
cally significant using ANOVA with a confidence interval of 95%.

Discussion

Morphologically, all 75 newly diagnosed cases had a lobular 
growth pattern/architecture on haematoxylin & eosin (H&E) stain-
ing. Of these, only 48 patients underwent surgery. Overall, 25%  
(n = 12) of all patients undergoing surgical treatment for ILC had 2 
or more operations. Indeed, the diminished fibrotic reaction pre-

sent in ILC makes it difficult for surgeons to determine the gross 
extent of the disease during surgery. When this is coupled with the 
decreased sensitivity of imaging studies, it can be very challenging 
to achieve tumour-free margins after a limited excision.

Detailed histological analysis was feasible only for the cases 
where a surgical resection specimen was available. In these cases, 
an in-depth evaluation of the radiological findings was performed. 
MRI was able to detect the presence of tumour in 92% of these 
cases, making it the most sensitive imaging modality. Breast ultra-
sound also had a high detection rate of 89.6%, while mammogra-
phy detected only 73%. However, in 4 patients all 3 imaging mo-
dalities failed to identify the presence of tumour. Despite the high 
detection rate, the rate of discordance between radiology and his-
tology in detecting tumour focality was still high at 35% while the 
radiology/histology discordance with regard to tumour size was 
40%. Tumour size was underestimated radiologically in 12 cases, 
while it was overestimated in 4 cases. In the discordant cases, the 
difference in tumour size ranged from 6 to 78 mm. This can have a 
considerable impact on T staging of ILC. This discordance was not 
unexpected, as other studies showed the sensitivities of mammog-
raphy, sonography, and MRI for ILC to be 79, 68, and 83%, respec-
tively [18]. Another study looking at histologic subtype and imag-
ing highlighted that the greatest differences between ultrasound 
and pathology measurements were observed in lobular carcinoma 
[19]; however, this study involved a smaller number of cases. Inter-
estingly, breast density as assessed by mammography did not have 
a statistically significant impact on radiology/histology discord-
ance. Of note, breast density did not correlate with menopausal 
status and age at diagnosis, and these parameters seem to be inde-
pendent of each other. This was an unexpected finding, as the as-
sumption was that the density of breast tissue decreases with age, 
making imaging more sensitive in detecting ILC with increasing 
age and resulting in a reduction in discordance rate. However, this 
was not the case in our study.

Histological findings were similar between core biopsies and sub-
sequent resection specimens. The predominant pattern of invasion 
was ‘classical’ in almost half the cases (47.5%), followed by trabecu-
lar and a smaller percentage of alveolar and solid patterns (5%). The 
correlation between pattern of invasion and radiology/histology dis-
cordance was not significant. Discordance between imaging and his-
tology was present even in ILC with alveolar and solid growth pat-
terns. A possible explanation could be the presence of focal areas 
with classical growth pattern, which may contribute to the discord-
ance. An illustrative example of this radiology/histology discordance 
is given in figure 2. In our opinion, on retrospective review of both 

Fig. 1. Invasive lobular carcinoma, haematoxylin & eosin stain, and E-cad-
herin immunohistochemistry (inset). A Classical, B trabecular, C alveolar, and 
D solid growth pattern; E lobular intraepithelial neoplasia (LIN).

Table 1. Correlation between pattern of invasion and radiology/histology 
 discordance

Predominant pattern Patients, n (%) Discordance, (n) %

Classical 19 (47.5) 8 (42.1)
Trabecular 14 (35) 6 (42.8)
Alveolar  5 (12.5) 1 (20)
Solid  2 (5) 1 (50)



Abu-Sinn/O’Driscoll/MurphyBreast Care 2017;12:87–9190

the imaging and histology, it is most likely that the ‘trabecular’ pat-
tern contributed to the mammographically and ultrasound-detected 
distortion/lesion, while the linear enhancement on MRI correlates 
with the ‘classical’ pattern which is non-mass-forming.

The vast majority of cases (81.3%) were E-cadherin negative, 
while 17.3% were E-cadherin positive. E-cadherin expression has 
become an important diagnostic feature of LIN and ILC [20]; how-
ever, it is important to remember that approximately 10% of ILC 
still express E-cadherin [21, 22] either with normal membrane lo-
calisation or aberrantly distributed as fragmented membrane and/
or cytoplasmic staining. The E-cadherin-catenin complex may be 
dysfunctional in these cases due to the presence of CDH1 gene 
 mutation or aberrant/loss of expression of the catenin binding 
 proteins [22], which may be detected using β-catenin and p120-
catenin immunohistochemistry. However, a diagnosis of LIN or 
ILC based on morphological and cytological criteria should there-
fore not be reclassified as ductal carcinoma in situ or IDC of no 
special type (IDC-NST) based on the status of these immunohisto-
chemical markers [20]. At our institution, management of lobular 

carcinoma is based on the morphological (H&E diagnosis) rather 
than the E-cadherin staining of the tumour. Controversially, an 
 interesting finding in our study was the statistically significant as-
sociation between E-cadherin immunostaining and radiology/ his-
tology concordance. Half of these cases had a ‘classical’ growth pat-
tern, while the remainder had mixed ‘classical, trabecular, and al-
veolar’ growth patterns. LIN was present in half the cases that were 
E-cadherin positive. The cases which were E-cadherin-positive 
were more likely to have concordant radiological and histological 
size, suggesting that positive E-cadherin may pertain to more local-
ized tumour infiltration despite the lobular morphology. 

LIN was present on core biopsy in 22.5%. However, it was not a 
helpful predictive parameter for radiology/histology concordance. 
75% of cases were positive for both ER and PR, and 87.2% had a 
low to borderline proliferation index as assessed by Ki67. Overall, 
the biological profile of ILC did not have a significant correlation 
with radiology/histology discordance.

The main limitation of this study is the low number of cases of 
surgically treated ILC; however, it does provide an insight into the 
behaviour of these tumours. It highlights the importance of E-cad-
herin staining, even in this limited sample. There has been general 
acceptance that morphology precedes E-cadherin immunostaining 
in predicting tumour behaviour; however, our study sheds some 
doubt on this. The pattern of invasion in ILC does not seem to play 
a role in improved radiological correlation; however, a large series 
of alveolar and solid patterns may prove otherwise. The main dif-
ficulty in identifying this subset is that the pattern of invasion of 
ILC is not routinely reported on core biopsy specimens, which 
makes case selection a cumbersome process. The best way to over-
come this is to carry out a prospective study recording pattern of 
invasion on core biopsy and correlating these with the final histol-
ogy. A larger series may be able to identify a role for ER/PR hormo-
nal status and Ki67; however, given that almost all ILC are ER-pos-
itive and the majority are PR-positive, this is unlikely.

Conclusion

The majority of ILC are characterized by a subtle infiltrative 
pattern which makes it difficult to radiologically estimate tumour 
focality and size. Our study highlights that radiological assessment 
underestimates tumour size in more than one-third of cases. This 
impacts the decision for curative surgery. Despite the heterogeneity 
of ILC, histological and biological factors, with the exception of E-
cadherin expression, do not seem to play a significant role in the 
discordance between radiology and histology. More sensitive imag-
ing techniques may allow for a more accurate pre-operative assess-
ment in BCS for ILC and increase the concordance between radiol-
ogy and histology. 

Disclosure Statement

The authors declare no conflicts of interest and no sources of funding or 
sponsorship.

Fig. 2. a Mammography: both breasts are dense; new area of slight distortion 
present at 12 o’clock in the right breast. b Ultrasound: a 2.2-cm irregular hypo-
echoic lesion was identified. c, d Magnetic resonance imaging: 2-cm enhancing 
lesion consistent with the known neoplasm; in addition, there is a linear area of 
enhancement between this lesion and the right nipple-areolar complex; further 
evaluation needed if patient opted for breast conservation. e, f Histology: inva-
sive lobular carcinoma, mixed classical and trabecular growth pattern, more 
than 100 mm with multifocal distribution.
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