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ABSTRACT: The similarity between the structure and function of the breast and prostate has been known for a long time, but there are serious discrepancies

in the terminology describing breast and prostate cancers. The use of the large, thick-section (3D) histology technique for both organs exposes the irratio-

nality of the breast cancer terminology. Pathologists with expertise in diagnosing prostate cancer take the anatomic site of cancer origin into account when

using the terms AAP (acinar adenocarcinoma of the prostate) and DAP (ductal adenocarcinoma of the prostate) to distinguish between the prostate cancers

originating primarily from the fluid-producing acinar portion of the organ (AAP) and the tumors originating either purely from the larger ducts (DAP) or

from both the acini and the main ducts combined (DAP and AAP). Long-term patient outcome is closely correlated with the terminology, because patients

with DAP have a significantly poorer prognosis than patients with AAP.

The current breast cancer terminology could be improved by modeling it after the method of classifying prostate cancer to reflect the anatomic site of breast

cancer origin and the patient outcome. The long-term survival curves of our consecutive breast cancer cases collected since 1977 clearly show that the non-

palpable, screen-detected breast cancers originating from the milk-producing acini have excellent prognosis, irrespective of their histologic malignancy

grade or biomarkers. Correspondingly, the breast cancer subtypes of truly ductal origin have a significantly poorer outcome, despite recent improvements

in diagnosis and therapy. The mammographic appearance of breast cancers reflects the underlying tissue structure. Addition of these “mammographic

tumor features” to the currently used histologic phenotypes makes it possible to distinguish the breast cancer cases of ductal origin with a poor outcome,

termed DAB (ductal adenocarcinoma of the breast), from the more easily managed breast cancers of acinar origin, termed AAB (acinar adenocarcinoma of

the breast), which have a significantly better outcome. This simple and easily communicable terminology could lead to better communication between the

diagnostic and therapeutic team members and result in more rational treatment planning for the benefit of their patients.
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Introduction

The prospective, population-based randomized-controlled
breast cancer screening trial, which began in two counties
(W & E) in Sweden in 1977, has provided the opportunity to
correlate the entire spectrum of breast pathology with 29-year
patient outcome.! The radiologic—pathologic analyses included
large thin-section and large thick-section (subgross, 3D)

histopathology techniques.? The recent application of the
subgross (3D) technique to total prostatectomy specimens
revealed striking structural similarities between prostate and
breast cancers.® Despite many dissimilarities, these two dis-
eases have two basic features in common. At the one extreme,
the majority of cases have a low fatality rate, when early detec-
tion is combined with appropriate treatment. At the other
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extreme, both organs exhibit aggressive tumor forms that have
a high fatality rate, regardless of all attempted therapeutic
regimens. The morphologic correlation of breast images with
large thin- and thick- (subgross, 3D) section histology images
has resulted in a highly specific prospective differentiation of
breast cancer subtypes into those with a poor outcome and
those with good to excellent long-term outcome even when
detected at screening.? This work has demonstrated that the
breast cancer subtypes with a high fatality are the diffuse
types that are already extensive at the time of detection and
appear to originate primarily in the major ducts of the breast;
on the other hand, the breast cancers that originate in the
milk-forming portion of the breast (so-called terminal ductal
lobular units (TDLUs)) are detectable in their early phase as
small tumors and have a low fatality rate. Using the 3D histol-
ogy technique on more than 100 total prostatectomy speci-
mens, a similar observation was made: the prostate cancers of
apparently ductal origin (pure ductal or mixed ductal-acinar
type) are highly aggressive with a poor outcome, whereas the
prostate cancers of acinar origin are the less aggressive forms
with a considerably better outcome.?

Our purpose in this article is to propose a new classi-
fication system with anatomically consistent terminology for
breast cancer similar to that currently in use for prostate can-
cer. Our proposed classification for breast cancer is based on
the anatomic site of origin (duct vs. TDLU), because the long-
term patient outcome appears to be largely determined by the
ductal vs. acinar origin of both breast and prostate cancers.

Emphasis Should be Placed on Differentiating
Between the Ductal and Acinar Origin of
Adenocarcinoma of the Prostate and Breast

The current terminology for prostate cancer is straightforward.
“Although most adenocarcinomas of the prostate are of acinar
origin, between 0.4 and 0.8% of prostatic carcinomas arise

from prostatic ducts. In about 5% of prostatic carcinomas,
tumors showing both ductal and acinar differentiation are
found.” “Most prostatic duct adenocarcinomas have a fairly
aggressive course, approximating Gleason score 8 adenocar-
cinomas. Prostatic duct adenocarcinomas at radical prostatec-
tomy tend to be large, of advanced pathologic stage, and have
a high risk of early postoperative recurrence.™

'The acinar versus ductal site of origin of prostate cancer is
thus reflected in the terminology and has also been recognized
as being related to the outcome, in contrast to the current ter-
minology of breast cancer. We consider the terminology used
to describe prostate cancer (acinar adenocarcinoma of the
prostate (AAP) and ductal adenocarcinoma of the prostate
(DAP)) to be logical because it focuses on the site of origin of
the disease, which also has prognostic relevance to long-term
outcome.* Our personal observations based on more than 100
consecutive prostatectomy specimens indicate that the use of
subgross (3D) histology technique provides a reliable differen-
tiation of the low-risk acinar-type from the high-risk ductal-
type prostatic adenocarcinoma.’> We could also confirm that
the prostate cancers of ductal origin had a significantly greater
frequency of pI'3a and more advanced cancers, largest tumor
focus >20 mm and a high-grade PIN (prostate intraepithelial
neoplasia), Gleason score =7, positive surgical margin, ext-
racapsular extension, vascular invasion, seminal vesicle infil-
tration, biochemical/local recurrence, regional lymph node
metastases, and distant metastases.? Figure 1 shows a signifi-
cantly poor disease-free survival for patients with DAP (RR
2.69, 95% CI 1.18-6.03).

'The aggressive behavior of DAP could be explained by
neoductgenesis occurring in the prostate, analogous to neo-
ductgenesis in the breast.’ Although the majority of breast
carcinomas are of acinar origin (developing from the TDLUs),
these are still officially termed ductal carcinomas (invasive
and/or in situ).
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Figure 1. Cumulative disease-free survival of AAP and DAP in our series of 104 total prostatectomy patients.
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Suggestion for Improving the Current Classification
of Breast Cancer

The striking similarities in the structural morphology of the
breast and prostate and the similarities in outcome of the car-
cinomas of ductal and acinar origin in the breast and prostate,
respectively, provide a rational basis for improving terminol-
ogy, developing a consistent classification, fully exploiting
preoperative imaging, and planning targeted therapy.

We consider the terminology used to describe prostate
cancer (AAP and DAP) to be logical because it focuses on
the site of origin of the disease, which also has prognostic rel-
evance to long-term outcome.* AAP is analogous to acinar
adenocarcinoma of the breast (AAB), in which the cancer
originates from the TDLUs. Similarly, prostate cancer origi-
nating from the major ducts (DAP) is analogous to the breast
cancer subtypes originating from the major ducts. Our sug-
gestion is that all forms of breast cancers originating from the
TDLU should be termed AAB. Correspondingly, the breast
cancer subtypes originating from the major ducts should be
termed ductal adenocarcinoma of the breast (DAB). The sig-
nificant difference between the long-term outcome of breast
cancers of similar size (as defined by the current TNM classi-
fication) originating from the TDLUs (AAB) and the cancers
originating from the major ducts (DAB) justifies this radical

change in terminology.2’5’9

Inconsistencies in the Current Terminology
Describing Breast Cancer
The current terminology for breast cancer has evolved from
experience with large, advanced tumors having a poor overall
outcome. Mammography screening has led to the detection of
breast cancer at earlier phases of development, challenging phy-
sicians with an unprecedented, large number of non-palpable
breast cancers. Many innovations have been made to appro-
priately diagnose and treat these early breast cancers, but few
changes have been made in terminology. The current TNM
classification system was created before the widespread use of
mammography screening and understandably has shortcom-
ings in describing these small, early-phase tumors. These limit
its usefulness in predicting the long-term outcome of individual
patients with screen-detected, non-palpable breast cancers.®”’
The following examples illustrate some of these shortcomings.

Example 1. Demonstration of the limitations of the cur-
rent TNM classification in predicting the long-term outcome
of five early (T'1ab) breast cancer cases. In the 1-14 mm tumor
size range, which includes these five examples, the 25-year
disease-specific survival curve (Fig. 2) will be an aggregate of
five diverse survival curves, representing five separate breast
cancer subtypes.

'The outcome can be more specifically predicted with the
inclusion of the following mammographic tumor features:

e asolitary stellate lesion on the mammogram, diagnosed as a
9 X 9 mm solitary tubular carcinoma at histology (Fig. 3a);

e asolitary circular lesion on the mammogram, diagnosed
as a 9 X 9 mm solitary, moderately differentiated invasive
“ductal” carcinoma at histology (Fig. 3b);

e multiple clusters of powdery calcifications on the mam-
mogram, diagnosed at histology as Grade 1 in situ cancer
associated with a 9 X 10 mm well-differentiated invasive
“ductal” carcinoma (Fig. 3¢);

e acluster of crushed stone-like/pleomorphic calcifications
on the mammogram, diagnosed as Grade 2 in situ cancer
at histology, associated with a 8 X 10 mm moderately dif-
ferentiated invasive “ductal” carcinoma (Fig. 3d); and

e fragmented (Fig. 3¢) or dotted casting-type calcifications
on the mammogram, diagnosed as Grade 3 in situ cancer
at histology, associated with a 9 X 9 mm moderately dif-
ferentiated invasive “ductal” carcinoma.

Because none of these five examples had lymph node
metastases, the current TNM classification places each of the
tumors in Figure 3a—e into the T'1b category. Inclusion of the
mammographic tumor features (illustrated in Figure 3a—e)
considerably improves our ability to distinguish the breast
cancer subtype with poor outcome (Fig. 3e, tumors with
casting-type calcifications on the mammogram) from the
remaining cancers with good long-term aggregate survival
(Fig. 3a—d, tumors not having casting-type calcifications). The
comparison of the significantly different outcome is shown in
Figure 4.

The long-term outcome of each of the five breast cancer
subtypes determined according to the mammographic tumor
features is illustrated in Figure 5.

Breast Cancers of Acinar Origin (AAB)

In situ AAB. As has been pointed out by Jensen et al.,
“ductal carcinoma in situ of the human breast is of lobular
origin. Progressive distension of ductules with dysplastic and
anaplastic cellular elements leads to unfolding and coalescence
of the ductules within the lobule to form larger ovoid struc-
tures. Such lesions falsely appear to be small ducts in con-
ventional histology slides.”'® These observations were made
with the help of subgross, 3D histology specimens. Using
the same methodology, we concur that the majority of in situ
carcinomas originate within the acini of the TDLUs, but are
unfortunately still termed ductal carcinoma in situ (DCIS).
'This nomenclature is misleading and anatomically incorrect
as noted above!?; it is also an unfortunate misnomer because
malignancies that actually originate within the major ducts
have a much worse outcome (Figs. 4 and 5). Our suggested
terminology for in situ carcinomas originating within the
TDLU:s is Grade 1 or 2 in situ AAB.

'The development of Grade 2 carcinoma in situ within the
TDLU, shown in Figure 6af, is reflected on the mammograms
as single or multiple clusters of crushed stone-like microcalcifi-
cations (Figs. 7a,c and 8a). The mammographic—histologic cor-
relation of such a case is presented in Figures 7 and 8.
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Figure 2. Cumulative 25-year survival of 1,087 consecutive 40—69-year-old women diagnosed with 1-14 mm invasive breast cancer during

1977-2005 in Dalarna County, Sweden.

The development of Grade 1 carcinoma in situ within the
TDLUs, shown in Figure 9a-h, is reflected on the mammo-
grams as multiple clusters of powdery/cotton ball-like micro-
calcifications (Fig. 9a and b). The mammographic—histologic
correlation of such a case is presented in Figure 9a-h.

Invasive AAB. The in situ tumors of acinar origin prog-
ress to unifocal or multifocal 1-9 mm stellate/spiculated or
circular/oval-shaped invasive cancers. This group includes
tumors conventionally termed tubular cancer, well/moder-
ately/poorly differentiated invasive “ductal” carcinoma NOS
(not otherwise specified), mucinous carcinoma, invasive cri-
briform carcinoma, basal-like breast carcinoma, solid form of
invasive lobular carcinoma, tubulolobular cancer, etc. Because
these cancers all originate from the TDLU, calling them
“invasive ductal carcinoma” is misleading and may also lead
to overtreatment of early stage breast cancer. Our suggested
terminology is well/moderately/poorly differentiated invasive
AAB. The combination of the mammographic tumor fea-
tures, biomarkers, and histologic tumor distribution (unifocal,

multifocal, diffuse) would considerably assist in further
characterization of the malignant process.

Early detection of breast cancer at a small (1-14 mm)
tumor size does not guarantee that the disease will be local-
ized to a small tissue volume, because multifocal infiltrat-
ing breast cancers comprise a considerable portion of breast
malignancies (invasive and in situ combined).!’!3 The invasive
breast cancers originating from the TDLUs can appear on the
mammogram as one of the following:

e a unifocal stellate or circular tumor without associated
microcalcifications, corresponding to a unifocal stellate
or circular/oval-shaped invasive breast cancer without
associated extratumoral in situ carcinoma at histologic
examination (Fig. 10a—c);

e a unifocal stellate or circular tumor on the mammo-
gram with associated crushed stone-like and/or powdery
microcalcifications, representing the in situ AAB compo-
nents, when the histologic examination reveals a solitary

Figure 3. The five basic mammography tumor features.
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Figure 4. Cumulative 25-year survival of 1,087 consecutive 40—69 year old women diagnosed with 1-14 mm invasive breast cancers according to the
presence or absence of casting-type calcifications on the mammogram during 1977—2005 in Dalarna County, Sweden.
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Figure 5. Cumulative 25-year survival of 1,087 consecutive 40—69-year-old women having 1-14 mm invasive breast cancers according to the
mammographic tumor features during 1977-2005 in Dalarna County, Sweden.

BREAST CANCER: BASIC AND CLINICAL RESEARCH 2014:8 l 19


http://www.la-press.com

»

Tabar et al

Figure 6. (A—F) Computer simulation images of the development of Grade 2 in situ carcinoma within the TDLU. The lobule gradually becomes distended
and deformed. Calcifications are formed within the necrotic debris and are seen on the mammogram as crushed stone-like/pleomorphic calcifications.
(Artwork from Ref. 8. Copyright by Georg Thieme Verlag. Used with permission).

invasive breast cancer with associated extratumoral Grade
1 or 2 in situ carcinoma (Fig. 10d-f);

multiple stellate or circular tumors on the mammogram,
corresponding to multifocal invasive breast cancer with-
out associated extratumoral in situ carcinoma at histo-
logic examination (Fig. 11a-1); and

multiple stellate or circular tumors on the mammogram
with associated crushed stone-like and/or powdery micro-
calcifications, representing the in situ AAB components,
when the histologic examination reveals multifocal inva-
sive breast cancers with associated extratumoral Grade 1
or 2 in situ carcinoma (Fig. 12a-f).

Figure 7. (A) A solitary cluster of crushed stone-like (pleomorphic) calcifications was detected at mammography screening. (B) Ultrasound examination:
a 12-mm solitary hypoechogenic area with calcifications, corresponding to a distended TDLU. (C) Microfocus magnification specimen radiograph:
malignant-type calcifications in a cluster. (D) Low power large section histology image of the solitary TDLU, distended and distorted by the Grade 2 in
situ carcinoma. (E) Higher power magnification of a single acinus: solid and cribriform cancer in situ with central necrosis and amorphous calcification
distending the acinus. Histologic diagnosis: Grade 2 in situ carcinoma within the TDLU (unifocal AAB).
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Figure 8. (A) Mammographically detected solitary cluster of crushed stone-like calcifications with no associated tumor mass. (B) Thick-section (3D)
histology image: the individual acinus is distended and each measures approximately 1 mm (which corresponds to the size of an entire normal TDLU).
This remarkable growth is the result of increased intraluminal pressure because of accumulation of cancer cells, intraluminal necrosis, and amorphous
calcification. (C) Low power histology image of a segment of one distended acinus showing cribriform cell-architecture, intraluminal necrosis, and a
central amorphous calcification. Histologic diagnosis: Grade 2 in situ carcinoma localized to a single TDLU. Note that the malignant process is confined to
a TDLU and is not within the ducts, so that it is not “ductal” carcinoma in situ (DCIS).

Large section histology examination of 1,000 consecutive
breast cancers!® showed that approximately 40% of the early
invasive breast cancer cases were unifocal and 34% multifocal.
We consider these two groups, comprising 74% of the mate-
rial, to have originated from the TDLUs, and propose that
they be termed unifocal and multifocal AAB, respectively.
The unifocal 1-9 mm stellate or circular invasive AAB cases
are primarily surgical diseases with excellent 26-year survival,
even without adjuvant therapy.'* The remaining 26% of inva-
sive breast malignancies were diffusely invasive breast cancers,
which we consider to have originated from the major ducts,
DAB. Breast MRI is essential for the preoperative assessment
of tumor distribution and disease extent.

The TNM classification ignores the multifocal and dif-
tusely infiltrating forms of breast cancer. Unfortunately, the
TNM classification does not take multifocality into account;
instead, it considers the diameter of only the largest invasive
tumor focus. This omission results in, for example, a solitary,
9 x 9 mm invasive carcinoma being classified into the same size
category as cases with multiple tumor foci having the largest
focus of 9 X 9 mm, regardless of the number and extent of the
other foci present. Because multifocal invasive cancers contain
a considerably larger tumor burden, they have a significantly
higher frequency of lymph node and lymph vessel involve-

t,15718 an increased local and distant metastasis rate,'® and

men
most importantly, a significantly higher disease specific fatal-
ity.2%2* Four recent studies have come to similar conclusions:
lesion distribution and disease extent represent important inde-
pendent survival-related prognostic parameters in breast car-
cinoma;?! multicentric/multifocal BC is an independent BC
risk factor and should be included in the risk assessment by
re-evaluating the current TNM classification by the UICC;*
and multifocality is a negative prognostic factor, independent
of tumor size, although its effect becomes more significant with
the increasing tumor size.?>?* Our data suggest that multifo-
cal invasive breast cancer is associated with inferior survival
versus survival in patients with unifocal breast cancer, stage

by stage.?* Multifocal cancers originating from the TDLU are
often separated from each other by intervening normal breast
tissue. As can be seen in Figure 13a—e, the determination of a
“free margin” at histologic examination does not guarantee that
there will be no residual tumor foci remaining in the breast.
Such residual foci could be responsible for “recurrence” at future
follow-up showing poor outcome. The current practice for mar-
gin determination has considerable limitations, because <20%
of the removed tissue margin is examined when using the small
section histology technique.?” The presence of intervening nor-
mal tissue among the cancer foci in AAB cases and the obvious
limitations of the small section histology technique make the
margin determination in AAB cases at best unreliable. The use
of large section histology technique, correlated with the preop-
erative breast MRI and specimen radiographs, greatly increases
the description of the true extent of the disease and increases
the reliability of the margin determination (Fig. 13a—c).

Correlation with outcome. The failure to take multifo-
cality into account places the unifocal tumors having excellent
long-term prognosis into the same TNM category as the multi-
focal tumors having the same maximum individual tumor size,
but with a considerably large tumor burden. The 10-year disease
specific fatality rate of the multifocal AAB cases is 2.2 times
greater than that of the unifocal cancers, presumably because
of a larger tumor burden.®!22"23 The 10-year fatality rate of
patients with diffusely invasive breast cancer is even worse, 2.9
times greater than that of unifocal invasive cancers.??3

Further follow-up confirms these findings. The 14-year
disease-specific survival of unifocal, multifocal, and diffuse
breast cancer cases is shown in Figure 14.

The four subgroups with good to excellent long-term sur-
vival (Figs. 4 and 5) share a common feature in that they all
appear to originate from the acini of the TDLU?3 and do not
originate from the major ducts. In the four mammographi-
cally defined subtypes (Fig. 3a—d) that originate within the
TDLUs, the use of the term “ductal” carcinoma (both in situ
and invasive) leads to confusion.
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Figure 9. Screen-detected multiple clusters of powdery, dust-like calcifications; specimen radiograph with and without microfocus magnification

(A,B). Thick-section (3D) histology images (C,D) demonstrate that the calcifications are localized within distended TDLUs. Low (E,G,H) and intermediate
(F) power histology images: low-grade cancer in situ localized to the TDLUs. The powdery calcifications seen on the mammograms correspond to
psammoma body-like calcifications. Histology: Grade 1 in situ carcinoma localized to the TDLU (not “ductal” carcinoma in situ).

Breast Cancers of Ductal Origin (DAB)

Breast cancer subtypes originating from the major ducts
(DAB) have entirely different mammographic/3D histologic/
conventional histologic presentations and outcomes compared
to malignancies originating from the TDLUs (AAB) (Figs. 4

and 5). The diffusely infiltrating cancers of ductal origin,
approximately 26% of all breast cancers, have a fatality rate
2.9 times higher than the unifocal AAB carcinomas originat-

ing from the TDLU.?! Breast cancers of ductal origin (DAB)
and the diffusely infiltrating invasive lobular carcinoma can
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Figure 10. Right breast, craniocaudal projection (A) and microfocus magnification (B). There is a centrally located solitary stellate malignant tumor with
no associated microcalcifications. Large thin-section histology image (C) confirms the 15 x 13 mm unifocal invasive cancer with no extratumoral in situ
components. A solitary <10 mm stellate tumor with associated malignant-type microcalcifications (D). Large section (E) and low power histology

(F) images demonstrate the single focus invasive cancer associated with low-grade cancer in situ within and outside the invasive tumor.

be grouped into eight subgroups having a similarly poor
long-term outcome.

Subgroups DAB 1 and 2. Two subgroups originate from
the major ducts and present with central necrosis as the distin-
guishing feature. The carcinoma cells are predominantly of Grade 3
with mammographically demonstrable amorphous calcifica-
tions within the central necrosis. The mammographic presenta-
tion reflects the cell architecture: the fragmented casting-type
calcifications are associated with predominantly solid cell pro-
liferation (Fig. 15a—c) and the dotted casting-type calcifications
are associated with micropapillary cell-architecture undergoing
necrosis (Fig. 16a—c). The two subtypes are the archetypical
examples of “neoductgenesis/duct forming poorly differentiated
invasive breast carcinoma” with extensive necrosis (often erro-
neously called Grade 3 “DCIS”).>

In these subtypes, the high-grade cancer cells originate
from the major ducts,” hence the name DAB. We have pro-
posed that this high-grade malignancy, while resembling in
situ cancer histologically, often acts as an advanced, poorly
differentiated invasive carcinoma.>® Study of the large section,
subgross (3D) histology specimens brings us closer to under-
standing why this disease subtype can be highly fatal. The
large, thick-section histology image graphically demonstrates
the unnaturally high density of tightly packed, tortuous,
cancer-filled duct-like structures, which have no associated
TDLUs, but are surrounded by a thick desmoplastic reaction
and lymphocytic infiltration, indicating a strong immunologic
reaction (Figs. 17d,f,g and 23k). The combination of these

aberrant features strongly suggests that these duct-like struc-
tures are not the patient’s preexisting ducts; instead, they are
newly formed, a phenomenon we have termed neoductgen-
esis.>® Our correlative studies suggest that the new duct for-
mation (neoductgenesis) is produced by the ductal stem cells
that have undergone malignant transformation, causing them
to produce abnormal, tortuous duct-like structures populated
by malignant cells and lacking TDLUs.

Tenascin staining showing overexpression (Fig. 18b—d)
demonstrates that the epithelial cells actually penetrate into
the surrounding tissue.”®2

'This breast cancer subtype should be regarded as a special
form of invasive breast cancer: a poorly differentiated, duct-
forming invasive carcinoma. The enormous tumor burden of
poorly differentiated cancer cells and the frequent presence of
lymph and blood vessel invasion can explain the high fatality
rate of this subtype.

Subgroups DAB 3 and 4. Two additional subgroups of in
situ carcinoma can develop within the major ducts, in which
fluid production dominates the picture, rather than necrosis.
The fluid-producing Grades 1-3 carcinoma cells show micro-
papillary and/or cribriform architecture (Figs. 19a,b, 20a-f,
and 21a—c). The clinical finding may be a palpable thickening
corresponding to an increased number of cancerous, fluid-filled
ducts. Nipple discharge may be present without demonstrable
microcalcifications on the mammogram. In these cases, the
galactogram and breast MRI can demonstrate the true extent
of the disease. In cases with no nipple discharge, skipping
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Figure 11. Left breast mediolateral oblique projection (A) and microfocus magnification (B) shows multifocal stellate malignant tumors with no associated
malignant-type calcifications. Breast MRI (C—F) demonstrates the presence of multifocal invasive carcinomas spread over a >10 cm area between

the nipple and the chest wall. Multiple large thin-section histology images confirm multifocal (seven foci) invasive lobular carcinoma (the largest focus
measuring 11 x 10 mm), ER/PR positive, HER2-negative invasive cancer with low proliferation index (Ki-67: 5%), and no lymph vessel invasion (LVI).
Histologic examination of 16 surgically removed axillary lymph nodes showed no metastases (pN0/16).
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Figure 12. Microfocus magnification images on the craniocaudal and the lateromedial horizontal projections (A,B) demonstrating ill-defined circular
lesions bridged together, associated with crushed stone-like, malignant-type calcifications. Mastectomy specimen slice radiographs (C,E) and large
thin-section histology images confirm the presence of 20 invasive mucinous cancer foci (the largest focus measuring 15 x 15 mm) associated with

65 x 40 mm Grade 2 in situ carcinoma, pNX. LVI was present.

stone-like calcifications can be shown on the mammograms
(Fig. 201).

Subgroup DAB 4 is different from the characteristic his-
tologic and imaging features of subgroups DAB 1 and 2. This
subtype is also a fluid-producing in situ cancer that develops in
the major ducts, but the histologic malignancy grade is Grade
1 or 2 and is associated with large psammoma body-like calci-
fications. These are seen on the mammograms as pearl neck-
lace-like calcifications (Fig. 21a—c).

Subgroup DAB 5. In this subgroup of neoductgenesis,
the mammograms show architectural distortion without
demonstrable microcalcifications (Figs. 22a—e and 23a-k).

These cases usually present as a palpable “thickening” cor-
responding to the region with the mammographic finding.
Large section histology reveals a concentration of tortuous,
cancer-filled abnormal duct-like structures, giving a striking
appearance. Central necrosis is occasionally present with or
without histologically demonstrable amorphous calcifications,
whereas in other cases only fluid accumulation is seen within
the cancerous ducts (Fig. 23h—k). The following two cases are
representative of this subgroup.

o ’The first case of extensive neoductgenesis without associ-
ated calcifications is demonstrated in Figure 22a—e.
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Figure 13. Breast MRI showing a large number of individual foci within the right breast (A,B). Radiograph of a 5 mm thick mastectomy specimen slice
(C) containing some of the invasive foci. Large thick-section histopathology slices (D,E) demonstrate the normal breast tissue surrounding the individual
invasive breast cancer foci. The dashed lines indicate possible “clean” surgical margins.

e Thesecond of these two cases is a 74-year-old asymptomatic
woman who was called back from mammography screen-
ing to assess the newly developed asymmetric density with
architectural distortion in the upper-outer quadrant of her
right breast.

Comment. These unnatural ducts have no associated
TDLUs; the cancer cells fill newly formed ducts through the
process of neoductgenesis. This is an example of “duct forming
invasive carcinoma.” Because the tumor cells are not filling
pre-existing ducts, this is not an “in situ cancer.”

0.9 1

0.8 1

0.7 1

0.6 1

0.5 -

0.3 1

Cumulative survival

0.2 -

0.1 7 DAB, 25/71, HR=4.41 (2.58, 7.54)

—#— AAB, unifocal, 29/289, HR=1
—- AAB, multifocal, 20/100, HR=2.11 (1.92, 3.72)

89%

86%

61%
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8 9 10 11 12 13 14 15

Time since diagnosis (year)

Figure 14. 14-year disease-specific survival of breast cancer patients with unifocal (89%), multifocal (76%), and diffuse (61%) breast cancer diagnosed

during 1996-1998 in Dalarna county, Sweden.
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Figure 15. Casting-type calcifications on the mammogram (A). Large thick-section (3D) histology images (B,C) demonstrate solid cell proliferation,
intraluminal necrosis, and amorphous calcifications. Histology: Grade 3 carcinoma in situ in the major ducts.

Subgroup DAB 6. In addition to neoductgenesis, the
diffuse breast cancer cases of ductal origin often contain an
additional invasive breast cancer of the AAB type, coex-
isting within the same lobe. This common invasive carci-
noma originating from the TDLU, stellate or circular with
ill-defined borders, is in the majority of cases a moderately
differentiated cancer with favorable biomarkers (ER posi-
tive, PR positive, HER2 negative, etc.), and is traditionally
presumed to determine the patient’s prognosis. However,
the associated DAB tumor is usually a large, poorly differ-
entiated duct forming invasive carcinoma (most probably,
a stem cell cancer), but is conventionally termed Grade 3
DCIS. 'The current TNM classification system focuses only
on the invasive AAB component (T1a—c) and fails to rec-
ognize the potentially fatal nature of the associated poorly
differentiated, duct-forming carcinoma presented on the
mammogram with the features detailed above (Subgroups
DAB 1-6). The poor survival statistics of these cases can in
no way be attributed to an associated small AAB invasive
tumor with favorable prognostic features. In these neoduct-
genesis cases, there is a striking discrepancy between the
favorable TNM classification (T'1a and T1b) and the unpre-
dictable, often fatal long-term outcome. This inadequacy of

the current classification system necessitates a simpler yet
more predictive terminology emphasizing the site of ori-
gin (acinar vs. ductal) that determines the tumor appear-
ance on imaging. This information should be added to the
standard histopathologic description, including biomark-
ers. The long-term disease-specific survival curves based
on the mammographic tumor features (supported by large
thin- and thick-section histology) clearly show that the dis-
tinction between acinar and ductal origin of breast cancer
has profound clinical relevance. In the classification of early
breast cancers, the anatomic site of origin of the cancer cells
has greater relevance to patient outcome (Fig. 2¢) than do
histologic prognostic factors.?2"-?

Comment. 'The breast cancers of ductal origin exhibiting
casting-type calcifications on the mammogram (either frag-
mented or dotted) with associated 1-9 mm/10-14 mm inva-
sive breast cancer have a remarkably poor outcome, similar to
that of unifocal invasive AAB tumors measuring 30-50 mm
(Fig. 24).

Subgroup DAB 7. A special subgroup of intracystic
papillary cancer also develops in the larger ducts (Fig. 25).

A special subgroup of diffuse invasive lobular carcinoma
(subgroup DAB 8) with mammographic features and a poor

Figure 16. Dotted casting-type calcifications on the mammogram (A) correspond to the calcifications of necrotic micropapillary cancer in situ
developing within the large ducts. The micropapillary growths break off and calcify in the lumen, resulting in the individual dots of the dotted casting-type

calcifications (B,C).
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(Continued)

Figure 17. Details of right breast mammograms, craniocaudal (A) and mediolateral oblique (B) projections. A mixture of fragmented and dotted casting-
type calcifications is seen throughout an entire lobe, starting in the nipple, outlining abnormally large number of ducts and branches toward the chest wall.
The radiographs of the mastectomy specimen slices are compared with thick-section (3D) histology images (C—H). These demonstrate a large number of
cancer-filled duct-like structures that have unnatural appearance, and are surrounded by thick desmoplastic reaction and lymphocytic infiltration.

outcome is reminiscent of subgroups DAB 1-6. An important
subset of the diffuse invasive breast cancers is the large inva-
sive lobular carcinoma, which presents on the mammogram
with architectural distortion, reminiscent of a “spider’s web.”
Figure 26 illustrates a characteristic example of this sub-
group. A 78-year-old woman noticed a gradual deformation
and shrinkage of her right breast. Clinical breast examination
confirmed a large, hard tumor with skin changes and palpable
axillary lymph nodes.

The poor long-term outcome of the diffuse subtype of
invasive lobular carcinoma’ justifies differentiating it from
three other invasive lobular carcinoma subtypes. Further jus-
tification for differentiating the diffuse form of invasive lobu-
lar carcinoma from the “solid,” “tubulolobular,” and “alveolar”

type of invasive lobular carcinoma comes from its distinct
mammographic presentation and the considerable poorer
long-term outcome:

A. Mammographic appearance

e 'The diffuse invasive lobular carcinoma has the
mammographic presentation of extensive architec-
tural distortion with no central tumor mass and
usually occupies an entire lobe. This appearance is
remarkably similar to the DAB subtypes described
above (Figs. 26a—f and 27a—c).

e 'The solid invasive lobular carcinoma has a circu-
lar/oval-shaped ~mammographic/ultrasound/MRI
image (Fig. 28a—d).

Figure 18. Large thin-section histology image (A) shows abnormal, contorted ducts with “micropapillary cancer in situ.” The accumulated fluid distends
the ducts and branches. Tenascin staining (B—D) demonstrates overexpression, indicating that the torturous, duct-like structures correspond to

neoductgenesis.
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Figure 19. (A,B) The diffuse, fluid-producing micropapillary DCIS foci are seen on the pleats of the major ducts. The associated TDLUs are normal.
The fluid distends the ducts and branches and either serous or bloody nipple discharge will be observed, or/and skipping stone-like calcifications will be

formed in the gradually concentrating fluid.

e 'The solid subtype of invasive lobular cancer is a
spherical lesion, having a circular/oval shape on
breast imaging. The breast MRI pictures (a, b) are
compared in this case with the low and interme-
diate power large thin-section histology images

(c, d).

The tubulolobular carcinoma is either a unifocal
or a multifocal stellate lesion on the mammogram
(Figs. 11a-1 and 29a—c).

The alveolar type of invasive lobular carcinoma is
most frequently occult at mammography, or can be
seen as a subtle equivocal asymmetric density.

Figure 20. Thick-section (3D) histology images of micropapillary (A) and cribriform (B) in situ carcinoma in major ducts. The protein-rich fluid distends the
ducts and branches (C,D). Over time, skipping stone-like oval-shaped, smoothly contoured calcifications will be formed in the viscous fluid (F). These will

be seen diffusely scattered within a lobe (E).
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Figure 21. Large psammoma body-like calcifications outline the duct and its branches on the mammogram (A). 3D histology (B) and low power thin-

section histology (C) images show this Grade 1 in situ carcinoma localized within the duct.

B.

Site of origin

The solid, the tubulolobular, and the alveolar sub-
types of invasive lobular carcinoma appear to
originate from the TDLUs and all should be con-
sidered AAB.

The diffuse subtype of invasive lobular carcinoma,

Lacking calcifications and a central tumor mass, these
malignancies are notoriously difficult to perceive
on the mammogram even when they are large and
palpable. However, the associated connective tissue
response makes this subtype highly visible at breast
ultrasound.

appearing on the mammogram as architectural dis- C. Long-term outcome
tortion, is a diffusely infiltrating breast cancer from e 'The long-term outcome of the solid, the tubulolob-

the outset, as are the breast cancers of ductal origin. ular, and the alveolar subtypes of invasive lobular

Figure 22. Palpable asymmetric density with architectural distortion on the mammogram (A). Large thick-section (3D) (B—D) and large thin-section (E)
histology images demonstrate the corresponding duct-like structures distended by cancer cells with solid cell architecture. Histology: solid carcinoma in
situ in major ducts.

BREAST CANCER: BASIC AND CLINICAL RESEARCH 2014:8 l 31


http://www.la-press.com

Tabar et al

3
L

AL\
O g

(Continued)

32 l BREAST CANCER: BASIC AND CLINICAL RESEARCH 2014:8


http://www.la-press.com

/ Unified classification of breast and prostate cancers

(Continued)

Figure 23. A—-K Mammographically detected architectural distortion in the upper-outer quadrant of the right breast with no associated microcalcifications.
There is also a pathologic lymph node in the right axilla (A,B). Microfocus magpnification (C) and breast MRI (D) demonstrate the large extent of the
disease. Specimen slice radiographs (E,G) compared with large thin-section (F) and large thick-section histology (H) images show the cancer-filled,
tortuous, newly formed ducts tightly packed together. Low power histology images (1,J,K) demonstrate that the abnormal, cancer-filled, duct-like
structures with micropapillary cell architecture are surrounded by a thick desmoplastic reaction and lymphocytic infiltration, which are the histologic signs
of neoductgenesis.

— Casting (17/69) 1 - 14 mm invasive
Casting (8 /45) 1-9 mm invasive

—— 30 - 49 mm (24/ 83) Grade |l node negative

Figure 24. Comparison of the 24-year survival curves (A) of women with 1-9 mm/1-14 mm invasive breast cancer according to the TNM classification,
when the mammogram also shows extensive casting-type calcifications (B) corresponding to Grade 3 in situ carcinoma with women having moderately
differentiated node-negative 30—49 mm AAB breast cancer (C). Data from Falun Central Hospital, Sweden.
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Figure 25. Spot microfocus magnification mammograms of a right retroareolar low-density, oval-shaped lesion (A,B). Hand-held ultrasound examination
(C—E) reveals a vascular intracystic growth. Histology images (F—H) show malignant intracystic tumor.
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Figure 26. Right (A) and left (B) mediolateral obliqgue mammograms. There is a large region with spider’s web-like architectural distortion with no
central tumor mass throughout much of the right breast, best demonstrated on the mediolateral (C) and craniocaudal (D) microfocus magnification
images. There are also bilateral calcified fibroadenomas. (E,F) Low and high power histology images of this “diffuse invasive lobular carcinoma.”

carcinoma is good to excellent provided that they are has a poorer long-term outcome than the unifocal
detected and treated in the 1-14 mm size range. or even the multifocal invasive cancers originating
e 'The diffuse invasive lobular carcinoma has often from the TDLUs. Its long-term outcome is poor and
invaded the underlying pectoral major muscle, skin, is similar to that of the breast cancers of ductal origin
and nerves at the time of detection. This subtype presenting on the mammogram with casting-type
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Figure 27. The diffuse invasive lobular carcinoma lacks central tumor mass; it resembles a “spider’s web.” Its reflection on the mammogram (A

and

=

on the specimen radiograph (B) is an architectural distortion, often difficult to detect. (C) The large section histologic image of a diffuse invasive lobular

carcinoma.

calcifications, even with the use of modern thera-
peutic regimens (Fig. 30).

Comment. In most of the diffuse invasive lobular carci-
noma cases, E-cadherin staining is negative, and the conven-
tional terminology is therefore invasive “lobular” carcinoma,
but when E-cadherin staining is positive, the term invasive
“ductal” carcinoma is chosen by some pathologists, even if
the mammographic and histologic appearances are identical
in both instances. This inconsistency causes confusion among
clinicians and imagers, because the conventional terminology

relies on a staining method (E-cadherin) to indicate the
presumed site of tumor origin (ductal vs. lobular). This is
unfortunate, because a staining method such as E-cadherin
is not an anatomic determinant of either ductal or lobular
structure of the breast. Furthermore, the biomarkers in dif-
fuse invasive lobular carcinoma do not accurately predict the
poor long-term outcome, because these tumors are practically
always ER and PR positives and HER2 negative, the prolifer-
ation index (Ki67) is low, and the histologic malignancy grade
is generally moderately differentiated. Both the neoductgen-

Figure 28. Breast MRI (A,B) and low and intermediate power histology images (C,D) of this solid invasive lobular carcinoma.
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Figure 29. The stellate form of invasive lobular carcinoma (A) has its origin in the TDLU. Thick-section (3D) histology image (B) and higher power
conventional histology image (C) of this stellate invasive lobular breast cancer.

esis cases and the diffuse invasive lobular carcinoma cases have
a similarly poor prognosis, a diffusely infiltrating nature, and
extensive lobar spread. All of these features apply to tumors
with DAB etiology.

Summary

It is important to make the following distinction between the
malignant breast processes at the initial evaluation of every
newly diagnosed breast cancer case: the subtypes originating
from the TDLUs (A AB cases with an excellent outcome in their
early phase) and the diffusely infiltrating breast cancer subtypes
having a considerably poor outcome (DAB cases as well as the
diffuse form of invasive lobular carcinoma). This distinction
should assist in planning more specifically targeted therapy,
which should minimize overtreatment and undertreatment. In

the new era, when the majority of breast cancers are detected
mammographically, it is sensible to make full use of the mam-
mographic tumor features when planning the management of
breast cancer patients. The multimodality approach, including
breast MRI, is now able to preoperatively demonstrate the uni-
focal, multifocal, and diffusely infiltrating nature of breast can-
cer. Inclusion of this information in future tumor classification
systems would be beneficial for treatment planning and would
also predict the long-term outcome more accurately. We suggest
taking the terminology already in use to describe prostate can-
cer and adapting it to describe the breast cancer subtypes: DAB
corresponding to DAP, and AAB corresponding to AAP. This
simple, easily communicable terminology could lead to better
communication between the diagnostic and therapeutic team
members for the benefit of their patients.
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Figure 30. Long-term cumulative survival of women with breast cancers of “ductal origin” presenting as casting-type calcifications on the mammogram,
compared with the long-term outcome of the diffuse subtype of invasive lobular carcinoma cases, diagnosed during 1977-2009 in Dalarna County,

Sweden.
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