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Abstract: The relationship between the ductal and lobular com-
ponents of invasive ductolobular carcinomas (IDLC) has not been
fully elucidated. In this study, the molecular alterations of both
components were analyzed in a series of 20 IDLC that were se-
lected, not only by morphologic criteria, but also by the loss of
E-cadherin expression in the lobular component. We found that
80% of tumors shared alterations of driver genes in both compo-
nents, being PIK3CA the most common alteration. In addition,
45% of IDLC carriedCDH1mutations in their lobular component
that were absent in the ductal component. Fluorescent in situ
hybridization analysis of the CDH1 gene excluded homozygous
CDH1 loss as a frequent cause of E-cadherin loss in tumors
without CDH1 mutations. In addition, no pathogenic mutations
of catenin genes were detected in this series of tumors. In 25% of

tumors, actionable mutations in PIK3CA, AKT1, and ERBB2
were found in only 1 component. Altogether, our results confirm
that most IDLC derive from invasive carcinoma of no special type,
in which a population of cells lose E-cadherin and acquire a lob-
ular phenotype. The frequency of CDH1 mutations in IDLC ap-
pears to be lower than in conventional invasive lobular
carcinomas, suggesting the implication of alternative mechanisms
of E-cadherin loss. Moreover, molecular heterogeneity between
ductal and lobular areas suggests the need for molecular charac-
terization of both components to guide targeted therapies.
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According to WHO Classification of Breast Tumors, 5%
of invasive breast carcinomas (BC) present features of

both invasive carcinoma of no special type (IBC-NST)
and invasive lobular carcinomas (ILC), an entity called
invasive ductolobular carcinoma (IDLC).1 Whereas some
studies have considered that IDLC differs from ILC and
IBC-NST,2–4 others consider that IDLC can be separated
into IBC-NST-like and ILC-like cases and does not rep-
resent a molecularly distinct subtype.5 Discrepancies
among studies could be partially because of differences in
the selection of cases and whether or not the studies
included samples from the 2 components.

The diagnosis of IDLC is currently based on mor-
phology and basically describes a growth pattern. A major
impact on IDLC definition relies on the definition of ILC,
which is currently also based on morphologic criteria.
However, by incorporating immunohistochemical criteria
(loss or aberrant E-cadherin expression in the lobular
component), the diagnosis of both ILC and IDLC may be
more robust.3 A more accurate classification of IDLC will
improve our understanding of the disease and whether or
not this entity has specific clinical and biological features.

The relationship between the 2 invasive components
of IDLC has not been fully elucidated. IDLC could rep-
resent a collision tumor (IBC-NST and ILC coexisting in a
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common area) or a single tumor in which one of the
components arises from the other. Some studies, based on
the molecular analysis of a relative low number of cases,
have suggested a clonal relationship between the 2
components6–8 with a common ancestor, and that the
lobular component derives from the ductal component.7

In this study, the 2 components of 20 IDLCs were
analyzed by massive parallel sequencing and fluorescent
in situ hybridization (FISH) in order to gain insights into
their clonal relationships. Only cases with preserved
E-cadherin expression in the ductal component and loss of
E-cadherin in the lobular component were selected. By
incorporating this criterion, we avoided heterogeneity
because of the use of exclusive morphologic criteria. Our
study indicated that most IDLC occurred by progression
of an IBC-NST in which a clonal cell population lost
E-cadherin expression and acquired a lobular phenotype.

METHODS

Case Selection
Cases were selected from the Pathology Depart-

ments of 3 hospitals: Ramón y Cajal University Hospital
(Madrid, Spain), La Paz University Hospital (Madrid,
Spain) and Virgen del Rocío University Hospital (Sevilla,
Spain). Cases were included if they had a typical mor-
phologic pattern of IDLC, absence of E-cadherin ex-
pression in the lobular component and preserved
E-cadherin expression in the ductal component. In addi-
tion, cases were selected if there was tissue available for
additional immunohistochemical and molecular studies.

Clinical data were obtained from clinical records.
Histologic typing was performed according to WHO rec-
ommendations and cases were graded according to the
3-tiered Nottingham histologic grading system.

Approval for the study was obtained from the Local
Ethics Committee (Ramón y Cajal Research Ethics
Committee reference 223/18).

Immunohistochemistry
All cases underwent a new immunohistochemical

study. The antibodies used are shown in Supplementary
Table S1, Supplemental Digital Content 1, http://links.lww.
com/PAS/B382. Immunostaining was performed using the
EnVision detection system (K5007; Dako, Glostrup, Den-
mark). A cut-off value of 1% was used to define estrogen
receptor (ER) and progesterone receptor (PR) positivity.
Ki67 index was defined as the percentage of positive tumor
cells independently of intensity. HER2 expression was in-
terpreted according to 2018 American Society of Clinical
Oncology and the College of American Pathologists (AS-
CO-CAP) guidelines.9 HER2 equivocal cases (2+) under-
went FISH, using the Path Vision HER2 DNA Probe Kit
(Abbot Laboratories, City, Country) and the results were
interpreted according to 2018 ASCO-CAP guidelines.9

Tumors expressing ER and/or PR were classified as
Luminal. Luminal tumors with Ki67 <15% were classified
as Luminal A, those with Ki67 > 15% as Luminal B,10

and those that also were HER2 positive as Luminal

HER2. ER and PR negative tumors that were HER2
positive were classified as HER2 enriched, and those
negative for ER, PR and HER2 as triple negative.

Massive Parallel Sequencing
To obtain DNA mainly from tumor cells, samples

from different lesions were obtained by “punching” paraffin
blocks in selected areas previously marked on hematoxylin-
eosin slides. The QIAamp DNA FFPE Tissue Kit (Qiagen,
Valencia, CA) was used to extract DNA from all samples.
The quality of DNA was measured using TapeStation
(Agilent 2200 TapeStation; Santa Clara, CA), whereas
quantification was performed by QUBIT 2.0. (Thermo
Fisher Scientific Qubit 2.0; Fluorometer, Waltham, MA).

A custom gene panel was designed using the Sure-
Design platform by Agilent Tech. (Santa Clara) to con-
sistently target 38 genes (AKT1, ARID1A, ARID1B,
BRCA1, BRCA2, CASP8, CCND1, CDH1, CTNNA1,
CTNNB1, CTNND1, ERBB2, ESR1, FGFR1, GATA3,
GRB7, GSDMB, JUP, MAP2K4, KRAS, MAP3K1,
MLL3, MYC, NCOR1, NF1, PGAP, PIK3CA, PNMT,
PTEN, RB1, SF3B1, STARD3, TBX3, TCAP, TP53,
VGLL1, ZNF217, ZNF703). This panel is a modification
of the previously reported panel, 11 to include the complete
sequences of genes coding for α-catenin (CTNNA1),

TABLE 1. Clinicopathologic Features
Category n (%)

Age (years), median (IQR) 57.5 (19.5)
Menopause 15 (75)
Size (cm), median (IQR) 2.65 (1.6)
Nottingham grade

Grade 1 0
Grade 2 18 (90)
Grade 3 2 (10)

pT
pT1a 0
pT1b 1 (5)
pT1c 5 (25)
pT2 12 (60)
pT3 2 (10)

pN
pN0 7 (35)
pN+ 10 (50)
pNx 3 (15)

Associated DCIS 13 (65)
Associated LCIS 6 (30)
ER positive (> 1%) 18 (90)
PR positive (> 1%) 16 (80)
HER2 positive 0
ki67 <15% 13 (65)
Subrogated molecular subtypes

Luminal A 14 (70)
Luminal B 4 (20)
Luminal B HER2 0
Triple negative 2 (10)
HER2 enriched 0

Follow up
Alive without disease 15 (75)
Alive with disease 1 (5)
Death from illness 4 (20)

IQR indicates interquartile range.
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β-catenin (CTNNB1), p120 catenin (CTNND1), and γ-
catenin (JUP). For library construction, a modified pro-
tocol for Agilent SureSelect was selected, based on the
enzymatic fragmentation of DNA and subsequent probe-
mediated hybridization capture.12 Sequencing of equi-
molar libraries was performed using the Miseq v2 2×150
bp method by Illumina Inc. (San Diego, CA).

Bioinformatics analysis was carried out as pre-
viously reported11 using a specific pipeline using
Novoalign13 as an aligner and VarScan as a variant-caller,
with no filters. Variant annotation was performed using
the VEP from Ensembl version 88,14 which corresponds to
GRCh38-hg20 version of the human reference genome.
Variants were latterly filtered using the functional in-
formation (selecting only deleterious variants), the variant
allele frequency (> 0.05) and the strand-bias from both the
variant and the reference allele. Finally, visual inspection
was performed as the final selection criterion. Eight ILC (5
with CDH1 mutations and 3 without CDH1 mutations)
previously studied11 were included as controls.

Fluorescent In Situ Hybridization
Since our panel was not able to accurately detect

gene copy number variations, we used FISH to evaluate

CCND1, MYC, FGFR1, and MDM4, the genes most
frequently amplified in BC, as previously reported.15 The
following probes were used: ZytoLight SPEC CCND1/
CEN11, ZytoLight SPEC MYC/CEN8, ZytoLight SPEC
FGFR1/CEN8, and ZytoLight SPEC MDM4/1p12 dual
color Probe Kit (Zytovision GmbH, Bremen, DE) FISH
slides were observed with a fluorescence microscope at
×100 with immersion oil. A detailed scoring of at least 40
neoplastic cells per sample was performed, evaluating
separately 20 cells of each tumoral component. Ductal and
lobular areas were previously marked on FISH slides to
ease their recognition with the fluorescent microscope.
Amplification was considered when the tumor cell pop-
ulation had at least twice as many gene signals than cen-
tromere signals of the respective chromosome (ratio ≥ 2),
and polysomy when the average of centromere signals on
tumor cells were > 3.

For CDH1 gene alterations, we used CDH1 FISH
probe Spectrum Orange (Empire Genomics, Buffalo, NY)
with Vysis CEP16 (D16Z3) Spectrum Green Probe (Ab-
bott Laboratories, Chicago, IL). A detailed scoring per
sample of at least 40 neoplastic cells of each area with
positive and negative expression of E-cadherin was per-
formed. Heterozygous deletion was considered when equal

FIGURE 1. A and B, Invasive ductolobular carcinoma (T5) where an in situ ductal component is intermingled with both ductal and
lobular invasive components. A, hematoxylin-eosin (H&E) staining. B, E-cadherin immunohistochemistry. C and D, Invasive duc-
tolobular carcinoma (T7) where the ductal component shows micropapillary architecture. C, H&E staining. D, E-cadherin im-
munohistochemistry. E and F, Metastasis of invasive ductolobular carcinoma in an axillary lymph node. Note the presence of both
components. E, H&E staining. F, E-cadherin immunohistochemistry.
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or more than 20% of evaluated nuclei presented at least 2
centromere signals and just 1 CDH1 signal. Homozygous
deletion was considered when equal or more than 20% of
evaluated nuclei presented no copy of CDH1 gene.

RESULTS

Clinicopathologic Features
The study included 40 tumor samples from 20 pa-

tients. Fifteen additional IDLC were excluded because of
the poor quality of DNA or sequencing since the study
included cases from 2004 to 2019. All tumors developed in
females. Clinicopathologic features are presented in
Table 1 and Supplementary Table S2, Supplemental
Digital Content 2, http://links.lww.com/PAS/B383; and
representative histopathologic images in Figure 1. The
median age was 57.5 years and median tumor size was
2.65 cm. The percentage of the lobular component ranged
from 15% to 70%, being predominant in only 4 cases
(20%). All lobular components and 18 (90%) ductal
components were histologic grade 2. Areas of in situ
ductal carcinoma and in situ lobular carcinoma were
observed in 13 and 6 tumors, respectively. Only 1 tumor
had both types of in situ carcinoma. Regarding
immunohistochemical features, 18 tumors were ER
positive and 16 PR positive. Ten tumors were HER2
negative 0+, 1 tumor was HER2 negative 1+, and 7
tumors HER2 equivocal 2+. None of the equivocal cases

showed HER2 amplification by FISH. Only 2 tumors
were triple negative. These IHC characteristics did not
differ between the ductal and lobular components. After a
median follow up of 48 months (range: 12 to 162 mo), 15
patients remain alive without disease, 1 alive with disease
and 4 have died of disease.

Molecular Alterations
All somatic pathogenic and likely pathogenic so-

matic variants and gene amplifications are presented in
Supplemental Table S3, Supplemental Digital Content 3,
http://links.lww.com/PAS/B384. Mutations and/or ampli-
fications were detected in 18 of 20 tumors (90%). Somatic
mutations were present in 15 tumors (75%) and gene
amplification in 8 of 18 tumors analyzed (44%) (Fig. 2).
The most frequent alterations were mutations in PIK3CA
(10 tumors, 50%), CDH1 (9 tumors, 45%) and ARID1B (3
tumors, 15%), and amplifications in CCND1 (5 tumors,
28%) and MDM4 (3 tumors, 17%).

In 16 tumors (80%), common driver alterations were
detected in the ductal and lobular components, suggesting
a clonal relationship (Fig. 3). The same PIK3CA mutation
was detected in both components in 6 tumors (one of them
with ARID1B mutation and other with CCND1
amplification as additional common drivers); the same
TP53 mutation in 2 tumors (1 with an additional common
CCND1 amplification), GATA3 (1 tumor), AKT1 (1
tumor) and ARID1B (1 tumor) were observed in 5

FIGURE 2. Oncoplot showing the mutations and amplifications present in each component of each case.
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additional cases. Moreover, the lobular and ductal
components in 5 tumors shared common amplifications
in CCND1/MDM4 (2 tumors), CCND1 (1 tumor),
MDM4 (1 tumor), and MYC (1 tumor).

In 6 of these tumors (37.5%) with common drivers,
there were no other alterations in the ductal or lobular
component. The remaining 9 tumors showed additional
mutations in the lobular component. Eight of them pre-
sented mutations in CDH1 (one with an additional
MAP3K1 mutation, another with an ARID1B mutation, a
third with an AKT1 mutation and another with a PTEN
mutation) and 1 in PIK3CA and ARID1A. Regarding the
ductal component, 6 presented additional mutations. Two
showed PIK3CA mutations (1 with and additional PTEN
mutation), 1 ARID1A and NF1 mutation, 1 ERBB2
mutation, 1 PTEN mutation, and 1 MYC amplification
(Fig. 4).

There was no evidence of clonality in 4 IDLC. In 2
tumors (50%), no mutations nor amplifications were de-
tected. In 1 tumor, only a BRCA2 mutation was detected
in the ductal component; and a divergent pattern of mu-
tations was observed in the remaining case, with muta-
tions in PIK3CA and GATA3 in the ductal component,
but only a mutation of CDH1 in the lobular component
(Fig. 5).

Since the frequency of CDH1 mutations in the lob-
ular components in this series was lower than expected
(45%), we investigated if homozygous CDH1 deletion
could be the cause of E-cadherin loss of expression in some
cases by FISH. CDH1 FISH analysis was performed in 14
tumors (7 with CDH1 mutations and 7 without muta-
tions). All ductal areas had heterozygous loss of CDH1.
No additional changes were seen in the lobular component
of 7 cases without mutations. Chromosome 16 monosomy

FIGURE 3. Histopathologic images of mixed ductal and lobular carcinoma in a clonal related case (Case T_3). A, Hematoxylin-
eosin-staining of a region where invasive lobular component is intermingled between ductal nests. B, Immunohistochemical
staining for E-cadherin in the previously depicted hematoxylin-eosin area. The ductal component shows E-cadherin membrane
staining while the lobular one is negative. C, Immunohistochemical staining for p53 showing moderate to intense staining in both
components. D, Clonal mutation in TP53 is found in both components, whereas a CDH1 mutation is only detected in the lobular
component (E) and a PI3KCA mutation is just found in the ductal one (F).
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was observed in 2 cases with a mutation. Another case
(T_6) in which 3 areas where sequenced, 1 lobular area
showed chromosome 16 disomic cells with homozygous
CDH1 loss while other lobular area showed chromosome
16 monosomy and CDH1 mutation (Fig. 6).

DISCUSSION
In this study, the clonal relationship between the

ductal and lobular components of 20 IDLC was analyzed,
and clonal relatedness was found in 80% of cases. One
important characteristic of our study is its design. We
selected as IDLC only those cases in which the lobular
component had a complete loss of E-cadherin expression.
Recently, 2 large BC clinical trials have indicated sub-
optimal concordance between BC subtypes determined by
local versus central pathology, with the histopathologic
diagnosis of ILC ranging from 60% to 66% based on
morphology alone.16 This is more frequently due the fact
that E-cadherin-positive IBC-NST with trabecular growth
pattern are frequently diagnosed as ILC. For this reason,
some authors have proposed the use of morphomolecular
criteria for the diagnosis of ILC.3 Accordingly, ILC

should be diagnosed in tumors with a typical morphology
(classic or variants) of ILC with complete loss of E-cad-
herin expression. In tumors with a characteristic mor-
phology that have E-cadherin expression, additional
criteria should be used, such as an abnormal pattern of
expression of E-cadherin (cytoplasmic, fragmented),
abnormal expression of catenins (especially cytoplasmic
p120), evidence of pathogenic CDH1 mutations or the
association with in situ lobular carcinoma in multiple lo-
bules within the tumor. Although this proposal has not
still been adopted, some studies have reported that sub-
typing of BC as ILC achieves an almost perfect agreement
with a predefined reference standard, if the assessment is
supported by E-cadherin immunohistochemistry.16

The criteria to define ILC influence the diagnosis of
IDLC. Without the inclusion of E-cadherin loss in the
lobular component as a criterion, the diagnosis of IDLC
describes a growth pattern that can include different sit-
uations. By applying the criteria of loss of E-cadherin in
the lobular component, a more homogeneous population
of tumors was selected and the bias of including ductal
carcinomas with areas of lobular-like growth pattern or
lobular carcinomas with tubular elements was avoided.
Other studies analyzing the molecular features of IDLC
have not taken into account these criteria.5,7 For example,
McCart Reed et al7 reported that just 17.6% of mixed BC
(9/51) had lost E-cadherin expression, with most showing
aberrant staining.

Our results indicated that in most tumors, the
lobular component arose from the ductal component
after E-cadherin loss. Our results confirmed and ex-
panded the observations of a previous study by McCart
Reed et al7 which molecularly analyzed fewer invasive
mixed BC (n= 8). This suggestion is supported by: (1)
80% of tumors in our series shared a common driver in
both the ductal and lobular component; (2) CDH1 mu-
tations or homozygous CDH1 loss were only present in
the lobular component, suggesting mutation acquisition
during progression in ductal tumors with E-cadherin
LOH, as demonstrated by FISH. It appears improbable
that, even in the absence of CDH1 mutation, a tumor
with E-cadherin loss, reverted this feature and acquire
both intercellular adhesion and a “ductal” phenotype.

Since most tumors were Luminal, PIK3CA was the
most common mutated gene, and PIK3CA mutation the
most common shared molecular alteration between both
components. Moreover, other common drivers of BC,
such as amplification of CCND1 or TP53 mutations, were
also shared by ductal and lobular areas.

There was no evidence of clonality between the
ductal and lobular components in only 4 tumors in this
series. Although the panel used in this study included the
most commonly mutated genes in BC, we cannot rule out
the existence of alterations in other genes infrequently
mutated in BC and/or the presence of gene amplifications
or deletions in genes other than CCND1, MYC, MDM4,
and FGFR1.

In addition to common drivers, we also observed
unique mutations of each component. Of special importance

FIGURE 4. Evolutionary trees of different mixed ductal and
lobular carcinomas.
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were those actionable mutations according to SCAT criteria
(PIK3CA, AKT1, and ERBB2).17 In 3 patients (T1, T3, and
T20), a PIK3CA mutation was present only in the ductal
component, whereas in T7 it was only present in the lobular
component. Of note, T_5 had different actionable mutations
in both components: ERBB2 in the ductal and AKT1 in the
lobular. These results suggested that molecular hetero-
geneity in IDLC is not only limited to CDH1 and that both
components should be molecularly characterized in
advanced tumors if targeted therapies are considered.

Another interesting observation in our study is
that a relatively large percentage of tumors showed loss
of E-cadherin expression not associated with CDH1
mutations. Using the present Next-Generation Se-
quencing panel, we observed in previous studies by our
group11 and in our routine practice that the percentage
of ILC with E-cadherin loss that carry CDH1 mutations

was about 80%. In this series, only 45% of the tumors
carried CDH1 mutations in their lobular component.
Although some studies analyzing ILC have reported a
similar frequency of CDH1 mutations in ILC, these
studies did not select cases based on E-cadherin loss.18

Our results suggested that mechanisms other
than CDH1 mutations are frequently implicated in
E-cadherin loss in IDLC.

We investigated by FISH whether homozygous CDH1
loss could be an alternative mechanism to gene mutation.
However, we did not detect this alteration in any IDLC
without a CDH1 mutation, despite the loss of a CDH1 copy
being a constant event in all 14 tumors analyzed. Interest-
ingly, we detected chromosome 16 monosomy in 2 tumors
with CDH1 mutations, suggesting loss of the chromosome
carrying the wild type allele. In an additional case homo-
zygous CDH1 loss was observed in the lobular component.

FIGURE 5. Histopathologic images of mixed ductal and lobular carcinoma with different mutations in both components (case
T_1). A, Hematoxylin-eosin-staining of a region where lobular and ductal components are adjacent to each other. B, Im-
munohistochemical staining for E-cadherin in the previously depicted hematoxylin-eosin area. The ductal component shows
E-cadherin membrane staining while the lobular one is negative. C, Immunohistochemistry for estrogen receptor showing intense
staining in both components. D, CDH1 mutation is present just in the lobular component, whereas GATA3 (E) and PI3KCA (F)
mutations are just found in ductal one.

Am J Surg Pathol � Volume 46, Number 11, November 2022 Mixed Ductal-Lobular Carcinomas

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc. www.ajsp.com | 1551



An alternative mechanism to structural CDH1 al-
terations for E-cadherin loss could be CDH1 promoter
hypermethylation. This alteration, which was not studied
in this series, has been reported in several studies.19,20

However, this mechanism has been recently questioned
and discrepancies between studies have been attributed to
differences in the techniques used.5

It has been suggested that some ILC without CDH1
alterations could develop because of alterations of cat-
enin genes.18,21 In our panel, we analyzed the complete
sequences of CTNNA1, CTNNB1, JUN, and CTNND1,
the genes coding for α, β, and γ-catenin and p120, re-
spectively. However, we did not detect any pathogenic
alteration. Although we cannot exclude chromosome
alterations involving these loci, our results appear
to exclude catenin genetic alterations as important
contributors to IDLC.

Limitations of our study included the relatively low
number of cases analyzed and the number of genes ana-
lyzed. However, our results suggested that most IDLC

derived from IBC-NST in which a population of cells lost
E-cadherin and acquired a lobular phenotype. In addition,
the frequency of CDH1 mutation in IDLC in this series
(45%) appears to be lower than in conventional ILC,
suggesting the implication of alternative mechanisms of
E-cadherin loss. Moreover, because of the molecular het-
erogeneity between ductal and lobular areas, molecular
characterization should be performed on both components
if targeted therapies are considered.
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