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Abstract

We compared the survival of women diagnosed with invasive lobular carcinoma subtypes prior to and during the
mammography screening era to determine the impact of early detection and treatment in an early phase upon survival
according to tumor subtypes. Using mammographic tumor features, we classified 428 consecutive invasive lobular
carcinoma cases of the breast into four subgroups according to their mammographic tumor features.

Life-table-based survival curves and adjusted survival curves with the accelerated failure time method were
plotted to demonstrate the 14-year follow-up survival outcome with adjustment for tumor size, node status, histologic
malignancy grade, tumor focality and treatment. Survival of invasive lobular carcinoma subtypes was substantially
improved as a result of early detection through mammography screening and treatment in an early phase, except
for the subtype presenting as architectural distortion on the mammogram, even with the use of modern therapeutic
methods. There is a clear need to further develop diagnostic and management strategies to decrease mortality from

the diffusely infiltrating special subtype of invasive lobular carcinoma.
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Introduction

Breast cancer is an extremely heterogeneous disease. There
are often several histologic subtypes a) within the same tumor
mass (intratumoral heterogeneity), b) among separate tumor foci
(intertumoral heterogeneity), c) but also within specific histologic
categories, including the many subtypes of in situ carcinoma and
four subtypes of invasive lobular carcinoma (ILC). The histologic
classification of in situ and invasive breast cancers as ductal, lobular,
and other types has been complemented using biomarkers (ER/PR
receptors, EGFR, E-cadherin, Ki67 proliferating index, HER-2/neu
expression, etc.) and molecular classification such as basal like, luminal
A, luminal B subtypes, etc., in order to add prognostic information to
the histologic tumor types [1-3].

The mammographic image is a black and white representation
of the low power large section histology image of the breast tissue.
Correlation of the radiologic tumor features with large section
histology and long-term patient outcome has demonstrated that the
mammographic appearance of breast cancers is a strong prognostic
factor [4-8]. Thus, breast imaging, especially mammography, simplifies
the histologic complexity of invasive breast cancers, since different
histologic subtypes may have identical mammographic presentation.
For example, invasive “ductal carcinomas”, tubular cancers and
tubulo-lobular cancers may all present as stellate tumors on the
mammogram. Likewise, poorly differentiated invasive “ductal” cancer,
medullary cancer, mucinous, invasive micropapillary and papillary
breast cancers, invasive cribriform carcinoma, invasive apocrine
carcinoma, the solid form of invasive lobular carcinoma, etc. may all
have a mammographic presentation of circular/oval-shaped tumors.
Architectural distortion on the mammogram can represent either

a subtype of invasive lobular carcinoma which is difficult to detect
despite its large extent, or a duct forming invasive breast cancer with
or without associated microcalcifications. In particular, the prognostic
importance of the apparent site of origin of each breast cancer subtype
(developing from either the epithelial cells within the ducts themselves
or from the epithelial cells lining the acini of the terminal ductal lobular
units) could provide the foundation for an improved classification. The
important prognostic distinction between the cancers of ductal and
acinar origin can be made on the basis of mammographic appearance
[5,8].

The heterogeneous nature of invasive lobular carcinoma, including
the diverse outcome of the individual subtypes, is well known.
Subclassification has been attempted using histological features and,
more recently, using immunohistochemistry [9-11]. Neither of these
approaches correlates reliably with tumor structure at the subgross
level, nor with long-term outcome. For example, a 10x10 mm
solitary stellate tumor with excellent, >95% 25-year survival can be
described histologically as “classic invasive lobular carcinoma” based
on cellular appearance and immunohistochemistry, but the same
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histologic diagnosis could also be given to a 70 mm diffuse tumor
with architectural distortion and with only 60% long-term survival.
In this article we present a new subclassification of ILC based on
mammographic tumor features which reflects the structural changes in
the breast tissue, concurring with the apparent site of tumor origin and
long-term patient outcome.

Materials and Methods

We have collected data, including mammographic presentation,
on 428 consecutive cases of invasive lobular carcinoma of the breast,
histologically confirmed in women aged 30-92 at the Falun Central
Hospital, Sweden during the calendar years from 1996 through 2010.
We have compared the outcome of these ILC cases with the outcome of
ILC cases diagnosed and treated 25-30 years earlier. In 1982, Dixon et
al classified 103 invasive lobular carcinomas, diagnosed in Edinburgh
between 1960 and 1970, by histological appearance as classical, solid
variant, alveolar variant, or mixed [10]. We classified the invasive lobu-
lar carcinomas in our series and made an approximate correlation with
this histologic classification [10], which is similar to the comparison
between the mammographic patterns of the ILC subtypes and histopa-
thology published by Mendelson et al. [12].

Using mammographic tumor features, we classified the invasive
lobular carcinomas in our series and made an approximate correlation
with this histologic classification [10]:

o A solitary or multifocal stellate tumor, corresponding approxi-
mately to the mixed pattern of ILC (Figure 1)

« A circular/oval-shaped tumor mass, corresponding approximate-
ly to the solid variant pattern of ILC (Figure 2)

o Architectural distortion on the mammogram, corresponding to
the classical subgroup of ILC (Figure 3)

Equivocal asymmetric densities on the mammogram, correspond-
ing to the alveolar subtype of ILC (Figure 4)

We investigated how these mammographic tumor features related
to histological tumor size and to patient survival, adjusted for tumor
size. We also compared survival according to the mammographic tu-
mor features with survival according to the histological classification
from 1982 (Figure 5), to assess possible improvements in survival of the
ILC subtypes in the epoch of early detection and standardized therapy,
from 1996 through 2010.

It should be noted that although tumor size had been measured for
architecture distortion on the mammogram according to the concept
of TNM stage, some analyses for this group were performed treating
it as a separate category regardless of the measured tumor size, since
the invasive extent was too great to be assessed by the measurement of
maximum diameter. In a similar manner, this concept was also applied
to invasive lobular carcinoma larger than 3 cm, which is expected to
have as poor survival as does architecture distortion.

Breast cancer specific survival curves were calculated using the life-
table method. Crude and adjusted hazard ratios and their 95% CIs by
mammographic appearance were estimated using the Cox proportional
hazards regression model. We also applied the accelerated failure time
model to compute adjusted hazard ratios and adjusted survival curves,
making allowance for size, node, grade, focality, and treatment for the
classification of mammographic appearance by tumor size smaller than
3 cm and larger than 3 cm.

Results

Classification of the four subtypes of invasive lobular carcinoma
of the breast according to their mammographic appearance gave the
following distribution: 66% (283) stellate tumors, 10% (44) circular
tumors, 12% (52) showed architectural distortion without a tumor
mass, and 12% (49) presented as equivocal asymmetric densities on the
mammogram. The age distribution was similar for all the ILC subtypes
(Table 1).

The relationship of the four ILC subtypes, classified according to
mammographic tumor features, to the histologic tumor size showed
that cases presenting as architectural distortion on the mammogram
were overwhelmingly more likely (p<0.001) to be 230 mm than were
the remaining three subgroups: 76% for architectural distortion
compared with 21% for stellate, 25% for circular and 34% for equivocal
asymmetric densities.

Correspondingly, only 6% of the architectural distortion cases were
of size 1-14 mm compared to 29-34% for all other types (Table 2). The
distribution of the four mammographic tumor features according to
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Figure 1: Unifocal stellate invasive lobular cancer. A 58 year old asymptomatic
woman was called back from mammography screening for assessment of
a lesion in the lateral portion of her left breast. Figure 1.A: This <10 mm
solitary stellate, mammographically malignant tumor has no associated
microcalcifications. Figure 1.B: Large section, low power histology image
shows the unifocal carcinoma, histologically a tubulo-lobular cancer.
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Figure 2: Circular/oval-shaped invasive lobular carcinoma. This 83 year old woman felt a hard lump in the upper-outer quadrant of her right breast. Clinical breast
examination confirmed the presence of a hard, clinically malignant tumor, 5 cm deep to the right nipple at the 11 o’clock position. Figures 2.A-C: Right and left
mediolateral oblique projections. The palpable tumor is marked with a lead pellet in the upper portion of the right breast. The lateromedial horizontal projection
demonstrates an ill-defined, circular lesion, partly hidden in the surrounding dense breast tissue. Figures 2.D-E: Hand-held ultrasound: a 22x11 mm hypoechoic,
lobulated malignant tumor. Ultrasound guided 14-g core biopsy was performed. Histology: invasive lobular carcinoma, solid type. Figures 2.F-I: Breast MR, left breast
and axilla: no demonstrable abnormality; right breast, six cm deep to the nipple, in the upper half of the breast, there is a 17x15x16 mm round tumor with heterogeneous
contrast enhancement. Both morphology and kinetics are characteristic for malignancy. An additional malignant tumor focus is seen 5 mm proximal to the larger tumor.
Total disease extent: 17x15x28 mm. One lymph node in the right axilla is suspicious for metastases. Figures 2.J,K: Comparison of the lateromedial horizontal projection
with large section histology of the same region. Histology report: multifocal invasive lobular carcinoma. The larger focus is histologically a solid type invasive lobular
cancer that measures 17x12 mm (shown on Figure 2J); the satellite focus is a classic invasive lobular cancer measuring 1x11 mm. Biomarkers: ER/PR +ve, Her-2 -ve,

Ki67 2%. LCIS was seen on a region measuring 40x45 mm. No metastases were found in the four surgically removed lymph nodes (pN 0/4).

detection mode showed that the cases presenting with architectural
distortion on the mammogram were found predominantly among the
clinically-detected cancers (interval cancer, non-attendees, outside
screening) (Table 3). Cancers detected outside of screening include
women younger and older than the age limits of organized, population-
based mammography screening.

The long-term survival of patients with three of the four subtypes
of ILC classified according to their mammographic appearance was
considerably better during the mammography screening era (Figure 6)
than it was before screening was introduced (Figure 5). At 14 years, the
survival was 83% for the stellate ILC, 82% for the circular/oval-shaped
ILC and 82% for the equivocal asymmetric densities group. These
were all diagnosed during the screening era, irrespective of mode of
detection, with all sizes included. However, the survival of patients with
the fourth, diffuse subtype of ILC, presenting on the mammogram with
architectural distortion, changed little, from 60% to 70%.

Discussion

Dixon et al. [10] classified a consecutive series of 103 ILC cases
diagnosed during the 1960s into four histologic subgroups: classical,
solid variant, alveolar variant, mixed group. They reported in 1982 that
all four subtypes were mostly at advanced stages at diagnosis and had a
very poor short-term and long-term outcome (Figure 5). Following the
introduction of population based organized mammography screening

in Falun, Sweden, our clinical impression was that the majority of ILC
subtypes were much less advanced at the time of diagnosis, but one
subgroup was still extensive and usually at an advanced stage at the time
of diagnosis [13,14]. We correlated the mammographic tumor features
of these ILC tumors with their large section histologic appearance and
designed a study to assess the combined impact of mammography
screening and the use of adjuvant therapeutic regimens on the survival
of patients with these four ILC subtypes. We documented that the ILC
cases with architectural distortion on the mammogram diagnosed in
Falun Central Hospital in 1996-2010 were mostly clinically detected,
extensive and diffusely infiltrating at the time of diagnosis, had
frequent recurrences and a poor outcome that has changed little since
the prescreening era. The other three ILC subtypes were significantly
less advanced in the screening epoch. We also observed no age related
differences in the incidence of the different ILC subtypes, similar to the
findings of Stalsberg et al. [13].

There are good theoretical and empirical grounds for considering
the cases with architectural distortion on the mammogram to represent
a special subgroup of invasive lobular carcinoma [5,8,12,14]. Whereas
the long-term survival of the remaining three ILC subtypes improved
dramatically as a result of screening, there was no corresponding
improvement for the architectural distortion cases despite screening
and the introduction of new therapeutic regimens [14]. In breast cancer
subtypes of apparently ductal origin, we have observed a similarly large
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Figure 3: Equivocal (non-specific) asymmetric density. A 71 year old asymptomatic woman was called back from mammography screening for assessment of the
non-specific asymmetric density on the mammograms of her right breast. Figures 3.A-D: Right and left breasts, mediolateral and craniocaudal projections. Subtle non-
specific (equivocal) asymmetric densities are seen in the upper-lateral portion of the right breast. Figure 3.E: Craniocaudal projection, microfocus magnification shows
that the asymmetric densities correspond to several tiny stellate tumors that are scattered on an area measuring 4-6 cm. Figures 3.F,G: Breast MRl demonstrates the
true extent of the disease. Left breast: no abnormality was demonstrable. Right breast: there are three malignant tumor foci in the upper central portion of the breast
(10x9x9 mm, 5x4x4 mm, 4x4x3 mm). Morphology and kinetics of these lesions are characteristic for malignant tumor foci. Additional malignant tumor foci are seen
in the upper portion of the breast. MRI extent of the disease: 76x29x46 mm. No pathologic lymph nodes in the axilla. Figures 3.H,I: Hand-held ultrasound of one of
the tumor foci, also showing the biopsy needle. Figures 3.J-M: Large section histology and intermediate power histology images of the alveolar subtype of invasive
lobular carcinoma, with multifocal well differentiated invasive lobular cancer (the largest focus measures 17x10 mm, the others are 6x5 mm and 4x4 mm) associated
with extensive LCIS. Total disease extent: 80x30 mm. Biomarkers: ER/PR +ve, Her-2 -ve, Ki67 4%. No LVI. pN 0/2. LCIS on the resection margin toward the pectoral
major muscle.
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Figure 4: Architectural distortion. A 62 year old woman, operated for stomach cancer two years earlier, also had metastatic colorectal cancer. She felt a thickening in the
upper portion of her left breast. Figures 4.A-C: Left and right mediolateral and left craniocaudal mammograms. Corresponding to the palpable lesion, mammography
shows an asymmetric density with architectural distortion in the upper-medial portion of the left breast measuring >40 mm. Figures 4.D,E: Microfocus magnification
images of the typical architectural distortion with neither a central tumor mass nor associated microcalcifications. Figures 4.F,G: MRI shows a 12x15x16 mm region of
contrast enhancement with persistent kinetics in the left breast, 5 cm deep to the nipple, in the upper-inner quadrant. Neither morphology nor contrast enhancement
kinetics indicate malignancy, and the finding is smaller than the mammographic finding. Figures 4.H,I: Hand-held ultrasound shows a large malignant tumor, which
on ultrasound guided 14-g core biopsy gave a histologic diagnosis of invasive lobular carcinoma. Figure 4.J: Specimen slice radiograph showing the architectural
distortion. Figures 4.K,L: The corresponding large thin section histology images of the mastectomy specimen show a 62x42 mm moderately differentiated classic
invasive lobular carcinoma associated with multifocal Grade 1 in situ cancer and LCIS. Biomarkers: ER/PR +ve, Her-2 -ve, Ki67 16 %. No LVI. The surgically removed
sentinel node contained isolated cancer cells (pN 1). Surgical margin free from cancer: 25 mm.
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Figure 5: Plot of the probability of survival in relation to histological type of infiltrating lobular carcinoma. Edinburgh, June 1960-1970. Adapted from Figure 9 in our
reference 10. Reproduced with permission from the Publisher.

Mammographic classification Number of subjects Mean (SD) age Age range
Stellate tumor mass 283 65 (12) 36-92
Circular tumor mass 44 67 (14) 42-92

Architectural distortion 52 67 (14) 30-91
Equivocal asymmetric density 49 65 (12) 42-92
Total 428 65 (12) 30-92

Table 1: Mammographic classification and age distribution of 428 invasive lobular carcinoma cases, diagnosed 1996-2010, Falun, Sweden.

Mammographic classification

Tumor size in mm

114 15-29 30+ Total
Stellate tumor mass 91 (32%) 132 (47%) 60 (21%) 283
Circular tumor mass 15 (34%) 18 (41%) 11 (25%) 44
Architectural distortion 3 (6%) 9 (17%) 40 (77%) 52
Equivocal asymmetric density 14 (29%) 17 (35%) 18 (36%) 49
Total 123 176 129 428
Table 2: Mammographic classification by tumor size in 428 invasive lobular carcinoma cases, diagnosed 1996-2010, Falun, Sweden.
Mammographic classification Screen- detected Interval Cancer Non-attendees Outside Screening Total
Stellate tumor mass 143 46 7 84 280
51% 16% 3% 30%
Circular tumor mass 19 7 1 17 44
43% 16% 2% 39%
Architectural distortion 11 9 3 29 52
21% 17% 6% 56%
Equivocal asymmetric density 18 9 2 19 48
38% 19% 4% 40%

Table 3: Distribution of 424 out of 428 invasive lobular carcinoma cases according to detection mode.
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Figure 7: Cumulative survival of 428 women with 1-29 mm stellate and circular invasive lobular carcinomas respectively, = 3.0 cm stellate and circular invasive lobular
carcinomas, and invasive lobular carcinomas with architectural distortion, adjusted for tumor size, lymph node status, histologic malignancy grade, tumor focality and

tumor extent at the time of detection and a similarly poor survival
[6,8,15].

There are several major clinical implications which can be deduced

from these observations. There is a need to revise the classification of the
ILC subtypes to reflect their apparent sites of origin, their imaging and
subgross histologic observations, their response to treatment and their
long-term outcome. Furthermore, improvements in early detection and
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therapeutic regimens have vastly improved the prognosis of those ILC
subtypes (stellate and circular/oval-shaped) that have mammographic
presentations characteristic for cancers originating from the acini of
the terminal ductal lobular units (TDLUs) [8].

On the other hand, the ILC subtype appearing as architectural
distortion on the mammogram has a diffuse tumor distribution, a large
size at diagnosis and a poor outcome at long-term follow-up, similar
to those breast cancer subtypes that originate in the major ducts and
propagate diffusely. Furthermore, all these subtypes appear to be
largely unaffected by the adjunctive treatment methods in current use
and continue to have a poor survival. We therefore suggest that the
ILC subtype with architectural distortion on the mammogram and ILC
tumors larger than 3 cm with equivocal density on mammogram should
be designated as a separate entity, because their prognosis cannot be
reliably evaluated according to the current TNM classification system.

The data presented on Figure 7 suggest that architectural distortion
and ILC tumors larger than 3 cm should be considered a single entity.
A similar phenomenon was also noted in a recently published study
demonstrating a 16-fold higher rate of local recurrence in breast
cancer cases of ductal origin presenting with casting type calcifications
on the mammogram [16]. In the new era of breast cancer control,
breast cancers of ductal origin with or without associated casting-
type calcifications on the mammogram and associated with 1-14
mm invasive acinar adenocarcinoma of the breast (AAB) account for
the majority of breast cancer deaths, although they comprise a small
minority of the breast cancer cases [6,15,17,18]. There is a clear need
to further develop diagnostic and management strategies to decrease
mortality from the breast cancers of ductal origin and the diffusely
infiltrating special subtypes of ILC described above.
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