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BACKGROUND: Mixed invasive ductal lobular carcinoma (mDLC) remains a poorly understood subtype of breast cancer composed
of coexisting ductal and lobular components.
METHODS: We sought to describe clinicopathologic characteristics and determine whether mDLC is clinically more similar to
invasive ductal carcinoma (IDC) or invasive lobular carcinoma (ILC), using data from patients seen at the University of Pittsburgh
Medical Center.
RESULTS: We observed a higher concordance in clinicopathologic characteristics between mDLC and ILC, compared to IDC. There
is a trend for higher rates of successful breast-conserving surgery after neoadjuvant chemotherapy in patients with mDLC
compared to patients with ILC, in which it is known to be lower than in those with IDC. Metastatic patterns of mDLC demonstrate a
propensity to develop in sites characteristic of both IDC and ILC. A meta-analysis evaluating mDLC showed shared features with
both ILC and IDC with significantly more ER-positive and fewer high grades in mDLC compared to IDC, although mDLCs were
significantly smaller and included fewer late-stage tumours compared to ILC.
CONCLUSIONS: These findings support clinicopathologic characteristics of mDLC driven by individual ductal vs lobular
components and given the dominance of lobular pathology, mDLC features are often more similar to ILC than IDC. This study
exemplifies the complexity of mixed disease.
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BACKGROUND
Breast cancer remains a common cancer in women in both the US
[1] and worldwide [2], and has recently surpassed lung cancer as
the most frequently diagnosed cancer [3]. With regard to histologic
classification, the majority (>75%) of invasive breast cancers are of
no special type (NST) frequently referred to as invasive ductal
carcinoma (IDC). Invasive lobular carcinoma (ILC) is the most
common special subtype, observed in approximately 15% of cases
based upon recent estimates [4]. Various less frequent subtypes
contribute to the remaining cases and are relatively understudied.
Mixed invasive breast carcinomas are an elusive category of
disease, which per the World Health Organization (WHO)
classification in 2019 are defined as those exhibiting a specialised
histologic pattern (such as ILC) occupying 10–90% of the tumour
area and a non-specialised type (like NST or IDC) occupying at least

10% of the tumour [5]. It is important to note that this definition, as
outlined in the recent 5th edition of the WHO classification of
breast cancer, differs significantly from the definition provided in
the 4th edition, published in 2012 [6]. The previous definition
required that a specialised histologic subtype occupy >50% of the
tumour area in order to be classified as a mixed tumour. This
change in definition, while welcome, reflects the fluid interpreta-
tion of the mixed tumour concept and may make a comparison of
ongoing and past studies of this entity more complex. Regardless
of the change in criteria for mixed tumours, those composed of ILC
and IDC patterns are the most common and have been referred to
in the literature in various ways but are abbreviated here as mixed
invasive ductal and lobular carcinoma (mDLC).
Distinguishing features between IDC and ILC are increasingly

being appreciated beyond their well-defined differences in tissue
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architecture and immunohistochemical staining. Notably, ILC lacks
E-cadherin expression and demonstrates cytoplasmic p120 rather
than membrane staining seen in IDC [7]. Clinically, ILC more
commonly presents as a larger tumour at diagnosis, occurs in
older women, and is more likely to be hormone receptor positive,
HER2 negative, and lower grade as compared to IDC [8–11]. ILC
further demonstrates a predilection for metastatic spread to
unique sites including the peritoneum, ovaries, and gastrointest-
inal tract, in addition to those shared with IDC [10–13].
The literature surrounding mDLC is limited, with the identifica-

tion of cohorts largely reliant (with some exceptions) on ICD codes
within cancer registries, which relies on abstraction using ever-
changing algorithms that may not provide a sufficient definition
for all nuances in a wide range of cases. mDLC has generally been
found to display hormone receptor and HER2 receptor status
between that of ILC and IDC, with higher likelihood to be hormone
receptor positive and lower likelihood to be HER2 positive [14–20].
Previous studies have shown that mDLC, similar to ILC, are
typically more often present as larger tumours than IDC and occur
in patients at a median age younger than ILC [21, 22]. Differences
in hormone receptor positivity and proliferative status are thought
to contribute to the increased response of IDC to neoadjuvant
chemotherapy as compared to ILC [23–25]. Given the mixed
composition of mDLC, it is of interest—yet, unknown—whether
the response to neoadjuvant therapy is associated with a
dominant underlying histology.
In the retrospective analysis provided herein, we evaluated the

clinicopathologic characteristics of mDLC including metastatic
pattern of spread, as well as responses to neoadjuvant therapy as
compared to IDC and ILC using clinical data from our institution.
We sought to determine whether mDLC demonstrates clinical and
pathologic characteristics more similar to either IDC or ILC, which
may suggest that one histologic component is more dominant
when both co-exist. Finally, we performed a meta-analysis of key
defining parameters, comprehensively including all available
mDLC literature with cases fitting inclusion criteria for the analysis.

MATERIALS AND METHODS
Objectives
The primary objective of this study is to perform a comprehensive
clinicopathologic characterisation of mDLC in reference to the better-
understood and more common invasive breast carcinoma subtypes of IDC
(NST) and ILC. Key clinical and pathologic parameters are compared as the
primary objective with a secondary goal of evaluating the metastatic
pattern of spread and relative response to chemotherapy of mDLC.
Secondary goals of this study included meta-analysis of available literature
to determine the concordance of our findings with prior studies given the
evolving definition of mDLC over time.

Study population
Institutional review board approval was obtained from the University of
Pittsburgh prior to the initiation of the study. Patients diagnosed with and
treated for invasive breast carcinoma between 1990 and 2017 at UPMC
Magee-Womens Hospital were identified from the UPMC Network Cancer
Registry using ICD-O-3 codes. Inclusion criteria included patients with
Stage I–IV disease with either infiltrating ductal carcinoma (ICD-O-3 85003),
infiltrating lobular carcinoma (ICD-O-3 85203), or infiltrating ductal and
lobular carcinoma (ICD-O-3 85223). A total of 12,979 patients with IDC,
1569 patients with ILC, and 803 patients with mDLC were identified based
on the aforementioned ICD-O-3 coding, which in turn was reliant on the
interpretation of histology by the pathologist of record at the time of
diagnosis. Histology classification was not changed or re-interpreted and
any potential error due to changing guidelines was not accounted for in
our study.
Clinical and tumour characteristics including patient race, age at

diagnosis, menopausal status, tumour size, grade, stage, and oncotype
Dx score were provided in the cancer registry. ER, PR, and HER2 statuses
were also available in the database and entered as per standard guidelines
at the time of diagnosis. Survival data was determined based on the date

of diagnosis and date of disease recurrence or death for disease-free
survival (DFS) and overall survival (OS), respectively.
From the cohorts analysed, 1568 patients with IDC, 113 patients with ILC,

and 26 patients with mDLC were identified who had received neoadjuvant
therapy based on treatment sequence data available in the database. A
249 case sub-cohort of the 1568 patients with IDC was selected, which was
matched to the ILC cohort by age, ER, and HER2 status. Patients with prior
history of in situ disease receiving surgical or radiation intervention were
excluded. Cases in which definitive surgery was not performed, and cases
where a concomitant invasive breast tumour of different histology was
present were excluded. Individual chart review of the remaining 218 IDC,
82 ILC, and 25 mDLC cases was performed to determine type of
neoadjuvant therapy, per cent tumour volume reduction, and rate of
successful breast-conserving therapy.
From the original cohorts evaluated, follow-up data were available to

identify 1131 patients with IDC, 145 patients with ILC, and 46 patients with
mDLC who had developed metastatic spread throughout the course of
their disease. Metastasis data were available in the cancer registry for bone,
liver, lung, CNS, pleura and distant lymph nodes. Manual chart review was
performed for cases in which additional metastatic sites were present but
where the location was not specified in the Cancer Registry (6 mDLC, 23
ILC, 72 IDC).

Meta-analysis
For purposes of meta-analysis, clinicopathologic data abstracted as above
were compared to data available in the literature pertaining to hormone
receptor status, tumour size, grade, and stage at the time of diagnosis. To
identify eligible publications, we accessed Pubmed.gov on 21 May 2020
and used the search term ‘mixed invasive ductal lobular breast cancer’
yielding 200 results. All entries were manually reviewed with publications
containing data pertaining to any or all parameters of interest such as age,
stage, grade, tumour size, ER/PR status, and HER2 status being included in
the meta-analysis. Studies in which data were presented in a format that
precluded statistical comparison with other studies were excluded.
Publications included were limited to studies encompassing at least 10
patients per cohort, and directly comparing mDLC to either IDC, ILC, or
both. Two additional studies meeting inclusion criteria that were identified
in prior literature searches were included. Ultimately, 23 individual studies
comprising data for almost 50,000 patients with mDLC were included in
the meta-analysis (Supplementary Fig. S1 and Supplementary Table S1).

Immunohistochemistry
The slides are deparaffinised and rehydrated using a standard histology
protocol. Antigen retrieval was performed using a citrate buffer (Agilent/
Dako, Carpinteria, CA). The slides were stained using an Autostainer Plus
(Dako) platform with TBST rinse buffer (Dako). The E-Cadherin ([EP913(2)Y],
Abcam (Cambridge, MA), Cat# ab76319) was applied using a 1:100 dilution
at room temperature. The detection reagent consisted of Mach 2 Rabbit
HRP polymer, (Biocare Medical, Pacheco, CA). For p120 staining, p120
(Catenin δ-1 (D7S2M, Cell Signaling (Danvers, MA), Cat# ab59854) was
applied using a 1:100 dilution at room temperature. The detection reagent
consisted of SignalStain Boost Rabbit HRP polymer, (Cell Signaling,
Danvers, MA). The substrate used was 3,3, Diaminobenzidine+ (Dako).
Lastly, the slides were counterstained with Hematoxylin (Dako).

Statistical analysis
Descriptive and survival analysis: To compare the difference of demo-
graphic and clinicopathologic characteristics among the three cohorts,
Wilcoxon and χ2 tests were used for the continuous variables (age, BMI and
tumour size) and all the remaining categorical variables, respectively.
Similarly, we applied χ2 test to compare locoregional treatment and
systemic therapy, as well as the responses to neoadjuvant therapy, in the
three cohorts. Kaplan–Meier was used for the estimation of OS and DFS.
The p value was calculated by the log-rank test. DFS analysis was limited to
patients with Stage I-III disease, while OS was inclusive of patients with all
stages.
Dimension reduction and statistical learning: to systematically determine

whether mDLC has more concordance with IDC or ILC, we used clinical
variables (LN+, menopausal status, race, BMI, lymphovascular invasion
(LVI), Her2 status, age, stage, tumour size, PR, grade and ER status) to build
several unified models. First, 50 times subsampling was conducted and
each time we subsampled 409 IDC and ILC in order to use the same size
cohorts for the analysis. For each subsampled data, χ2 test and Wilcoxon
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test were conducted to calculate the p value between each pair of cohorts
for categorical variables and continuous variables (age, BMI and tumour
size), respectively. The raw p values are transformed into adjusted p values
(q values) by Benjamini–Hochberg procedure and –log10 (q values) are
utilised to draw the heatmap (Fig. 3a) to show the similarity among the
three cohorts. Adjusted p value smaller than 0.05 are labelled with (*)
symbol and for visualisation purpose, any q value smaller than 10–4 is cut
at 10–4. Multidimensional scaling (MDS) plot was performed to visualise the
data in two dimensions using the variables which distinguished the three
subgroups (i.e., average p values among 50 subsampling smaller than 0.01
for any pair of cohorts). Finally, we built a classifier using an elastic-net
regression model where we use the same variables in MDS with the
exception of tumour size, due to too many missing values (N= 55 in
mDLC). The best tuning parameter was determined by 10-fold cross-
validation using R package ‘glmnet’ [26], the classifier was applied to mDLC
data and the probability of the tumour being ILC is presented in a
histogram.
For the meta-analysis, categorical variables (stage, tumour size

[transformed to T1, T2 and T3], hormone receptor status and grade) were
compared and the log odds ratio was calculated (e.g., grade 1 versus grade
2+ 3, size T1 versus size T2+ T3, etc.). The log odds ratio from each study
was combined by random-effects model using the ‘rma’ function with the
default estimation method ‘REML’ in the R package ‘metafor’ [27] and the
forest plot was generated from the ‘ggforestplot’ package for visualisation.

RESULTS
Patient and clinicopathologic characteristics
Manual chart review of 803 potential mDLC cases was performed
and critical review of the pathology reports led to the exclusion of

393 cases that were not consistent with mDLC classification.
Analysis was limited to the remaining 410 cases of mDLC which
were described by the interpreting pathologist as either mixed
invasive carcinoma (N= 248), IDC with lobular features (N= 138),
or ILC with ductal features (N= 24) (Supplementary Table S2 and
Supplementary Fig. S2). Representative histologic images of mDLC
are shown in Fig. 1a. We further excluded cases with pathological
‘stage 0’ or grade 4 (137 IDC, 7 ILC and 1 mDLC). The total sample
size for the remaining analysis is 12,842 IDC, 1562 ILC and 409
mDLC, unless specifically mentioned.
Within the mDLC cohort, the pathology reports of 54/409 (13%)

cases at diagnosis provided an estimate of the percentage of
ductal vs lobular components by the interpreting pathologist.
mDLC cases were on average composed of 31% ductal and 69%
lobular components, and the distribution is shown in Fig. 1b.
From the total of 14,813 cases, we compared 409 cases of mDLC

(2.7%) with N= 1562 cases of ILC (10.4%), and N= 12,842 cases of
IDC (86.7%) (Table 1). Our main question was the comparison of
clinicopathological features of mDLC with ILC and with IDC, and to
allow comprehensive evaluation we also included a comparison of
IDC vs ILC (Supplementary Table S3). Sizes of mDLC (19mm) were
on average larger than IDC (16 mm) (p < 0.001) yet smaller than
ILC (20 mm) (p= 0.036). Similarly, patients with mDLC (59 years)
were older in age than in patients with IDC (57 years) (p= 0.014)
yet younger than those with ILC (61 years) (p= 0.006). The rate of
ER positivity in mDLC (92%) fell between IDC (78%) (p < 0.001) and
ILC (96%) (p < 0.001). Similar to ILC (6%), mDLC was less likely to
be HER2 positive compared to IDC (8% vs 15%, p= 0.04).
Among the 70 mDLC, 337 ILC, and 1819 IDC cases in which

information on Oncotype Dx was available, there were no
significant differences between mDLC and other groups (Table 2),
although IDC had proportionately more high-risk RS tumours
compared to ILC (p= 0.003, Supplementary Table S3). Similar to
the distribution of RS in ILC, mDLC demonstrated a higher
proportion of tumours with low and intermediate-risk RS and less
frequent high-risk RS tumours (ns).
DFS and OS of patients with mDLC were not significantly

different from ILC or IDC (data not shown), although patients with
IDC demonstrated superior outcomes compared to the ILC cohort
when the analysis was limited to ER+ cases (Fig. 2). DFS for
patients with ER+ IDC vs ER+ ILC are 93% and 92% at 5 years, 87%
and 84% at 10 years, 84% and 78% at 15 years, and 81% and 71%
at 20 years (p= 0.006).

Concordance of clinicopathologic parameters between mDLC
and ILC vs IDC
Next, we sought to assess concordance between the groups based
on the overlap of key clinical and pathologic characteristics using
machine-learning models. Heatmap visualisation of results from χ2

test of subsampled data is presented in Fig. 3a, visualised by a
gradient from green, signifying no significant differences, to red,
indicating highly significant differences (adjusted p value ≤10–4.
These data demonstrate strong concordance between mDLC and
ILC in most of the parameters, and lesser concordance between
mDLC and IDC in most of the parameters (Fig. 3a).
Incorporating data from tumour size, age at diagnosis, ER, PR,

HER2, stage, grade, and LVI parameters, dimension reduction of
subsampled data by MDS also demonstrated significant overlap of
the mDLC and ILC cohorts (Fig. 3b). The IDC cohort has a larger
variance and a part of IDC cohort does not align with ILC and
mDLC cohorts. An elastic-net regression model based on
clinicopathologic parameters displaying moderate separation
between IDC and ILC (cross-validation area-under-the-curve of
IDC and ILC= 0.75) was devised. mDLC was predicted to align
more closely with ILC than IDC, with 272 cases showing a
probability larger than 0.5 and 198 cases with a probability larger
than 0.6 (Fig. 3c).
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Fig. 1 Mixed invasive ductal lobular carcinoma contains co-
existing ductal and lobular histologies. a Histology examples of
mixed invasive ductal lobular carcinoma. Left panel: H&E images of
mDLC. Middle and right panel: IHC for E-Cadherin and b-catenin/
p120. Loss of functional E-Cadherin results in the loss of lack of
membranous (M) staining, and instead staining of p120 that is now
accumulated in the cytoplasm (C). b Distribution of ductal and
lobular components within individual mDLC tumours demonstrated
by violin plot. Dots represent proportion of indicated histology
within individual mDLC tumours and represent N= 54 cases. The
p value from paired t-test of two components is smaller than 0.001.
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Comparison of adjuvant systemic, surgical, and radiation
therapies
There were no significant differences in adjuvant treatment for
patients with mDLC vs ILC (Supplementary Table S4). Compared to

patients with IDC, patients with mDLC were less likely to be
treated with chemotherapy (45% vs 52%, p= 0.007), and more
likely to receive hormone therapy (89% vs 73%, p < 0.001)
(Supplementary Table S4). The difference in rates of

Table 1. Patient demographic and tumour clinicopathologic characteristics.

mDLC (N= 409) ILC (N= 1562) p value IDC (N= 12,842) p value

BMI (kg/m2) 26.73 (23.63, 31.13) 26.99 (23.61, 31.82) 0.54 26.91 (23.29, 31.56) 0.98

Unknown/missing 35 138 1313

Tumour size (mm) 19 (12, 27.75) 20 (12, 35) 0.036 16 (10, 25) <0.001

Unknown/missing 55 213 1388

Age at diagnosis (years) 59 (49, 68) 61 (51, 70) 0.006 57 (48, 67) 0.014

Menopausal status

Pre/perimenopausal 123 (32%) 381 (26%) 0.028 3914 (33%) 0.69

Postmenopausal 266 (68%) 1091 (74%) 8050 (67%)

Unknown/missing 20 90 878

Race

White 386 (95%) 1476 (95%) 0.97 11,957 (93%) 0.59

Black 18 (4%) 69 (4%) 713 (6%)

Other 5 (1%) 17 (1%) 172 (1%)

ER

Positive 372 (92%) 1455 (96%) <0.001 9579 (78%) <0.001

Negative 32 (8%) 56 (4%) 2779 (22%)

Unknown/missing 5 51 484

PR

Positive 339 (84%) 1229 (82%) 0.36 8530 (70%) <0.001

Negative 63 (16%) 266 (18%) 3736 (30%)

Unknown/missing 7 67 576

HER2

Positive 11 (8%) 43 (6%) 0.49 814 (15%) 0.04

Negative 126 (89%) 711 (92%) 4316 (81%)

Equivocal 4 (3%) 16 (2%) 190 (4%)

Unknown/missing 268 792 7522

Stage (pathologic)

I 157 (42%) 601 (44%) 0.053 6245 (57%) <0.001

II 167 (45%) 527 (38%) 3727 (34%)

III 42 (11%) 215 (16%) 812 (7%)

IV 5 (2%) 27 (2%) 151 (2%)

Unknown/missing 38 192 1907

Grade

1 45 (12%) 192 (16%) <0.001 1634 (15%) <0.001

2 263 (70%) 937 (74%) 5394 (47%)

3 66 (18%) 130 (10%) 4380 (38%)

Unknown/missing 35 303 1434

Oncotype Dx RS

Low risk (0–17) 46 (65%) 226 (67%) 0.79 1105 (61%) 0.13

Intermediate risk (18–30) 20 (29%) 86 (26%) 457 (25%)

High risk (>30) 4 (6%) 25 (7%) 257 (14%)

Unknown/missing 339 1225 11,023

Lymphovascular invasion

Yes 55 (0.19) 125 (0.14) 0.056 2074 (0.25) 0.02

No 239 (0.81) 775 (0.86) 6271 (0.75)

Unknown/missing 116 669 4634

Median (interquartile) is shown for BMI, tumour size and age at diagnosis, and frequency (%) is shown for all remaining categorical characteristics.
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chemotherapy received between mDLC and IDC was lost once
analysis was limited to patients with ER+ disease; however,
patients with ER+ mDLC received more hormone therapy (95%)
than patients with ER+ IDC (90%) (p= 0.004) (Supplementary
Table S5). Within ER+ cohorts, patients with ILC were less likely to
receive chemotherapy, and more likely to receive hormone
therapy compared to IDC (Supplementary Table S4). There were
no significant differences between the different cohorts in
receiving radiation therapies.
In contrast, surgical treatments for patients with mDLC were

closer to those with IDC (Supplementary Tables S4 and S5).
Specifically, patients with ER+ mDLC were more likely to undergo
breast-conserving surgery (BCS) (64%) vs mastectomy (36%)

which was the same as in patients with ER+ IDC. In contrast,
patients with ER+ ILC were more likely to undergo mastectomy
(51%) than BCS (49%). This was significantly different compared
to patients with ER+ IDC (p < 0.001). Finally, as expected, patients
with ILC were less likely than those with IDC to undergo initial
BCS vs mastectomy (49% vs 64%, p < 0.001, Supplementary
Table S6).

Response to neoadjuvant therapy
Patients with mDLC (N= 26), ILC (N= 113), and IDC (N= 1568)
that received neoadjuvant therapy were identified from the
original cohort of patients. Some patients were excluded from
further analysis as described in the consort diagram shown in

Table 2. Response rates in mDLC patients treated with neoadjuvant therapy compared to IDC and ILC.

Neoadjuvant chemotherapy

mDLC (N= 17) ILC (N= 57) p value IDC (N= 180) p value

Volume reduction (%) 78.5 (62.38, 92.5) 76 (26.5, 90.5) 0.22 75 (40.75, 95.62) 0.29

BCS attempted

Yes 9 (53%) 19 (33%) 0.16 70 (39%) 0.34

No 8 (47%) 38 (67%) 110 (61%)

Rate of successful BCS

Yes 5 (56%) 6 (32%) 0.41 49 (70%) 0.45

No 4 (44%) 13 (68%) 21 (30%)

pCR

Yes 3 (18%) 4 (7%) 0.34 24 (13%) 0.71

No 14 (82%) 52 (93%) 156 (87%)

Neoadjuvant endocrine therapy

Rate of successful BCS mDLC (N= 7) ILC (N= 21) p value IDC (N= 37) p value

Yes 2 (40%) 6 (60%) 0.61 14 (67%) 0.34

No 3 (60%) 4 (40%) 7 (33%)

pCR

Yes 0 (0%) 0 (0%) 0 (0%)

No 7 (100%) 21 (100%) 37 (100%)

Volume reduction is presented as a percentage. Median (interquartile) is shown for volume reduction and frequency (%) is shown for other categorical
variables.
BCS breast-conserving surgery, pCR pathologic complete response.

9579 5632 2644 1140 344

1455 770 322 113 31

372 236 146 53 5

P value = 0.0035

9470 5334 2430 1030 304

1433 734 295 98 28

367 220 137 48 3
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Fig. 2 Disease free survival and overall survival of patients with mDLC falls between what is observed for patients with IDC and ILC.
Disease-free survival (a) and overall survival (b) of patients with ER-positive cases of mDLC, ILC, and IDC. The p values are calculated by log-
rank test. The p values of pairwise comparison are adjusted by Bonferroni correction. Disease-free survival analysis is limited to patients with
Stage I–III disease.
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Supplementary Fig. S3. Within the IDC cohort, a smaller sub-cohort
of patients matched for age, ER and HER2 status were selected for
this analysis requiring chart review. 23/25 mDLC, 77/82 ILC and
209/218 IDC cases were ER-positive.
There were no differences in tumour volume reduction or

pathological complete response rates (pCR) between the groups
receiving neoadjuvant chemotherapy (Table 2). BCS was
attempted at a similar rate in patients with mDLC compared to
those with ILC or IDC. Successful BCS with no further need for
subsequent surgical intervention was achieved in 56% mDLC
cases, compared to 70% IDC and 32% ILC (mDLC vs ILC and IDC ns;
IDC vs ILC p= 0.003; Table 2 and Supplementary Table S7).
A limited number of patients had received neoadjuvant

endocrine therapy with no significant differences noted between
cohorts with regard to successful BCS or pCR rates. pCR was not
achieved with neoadjuvant endocrine therapy in either of the
cohorts (Table 2). There were no significant differences in DFS or
OS in patients receiving neoadjuvant endocrine therapy,
although a trend for inferior outcomes in patients with IDC as
compared to ILC was persistently noted (Supplementary Fig. S4).
Ki-67 indices of mDLC tumours (20%) from patients receiving
neoadjuvant therapy were the same as those ILC (20%), but lower
than those compared to IDC (40%) (p= 0.008) (Supplementary
Fig. S5A). There was no significant difference in average ER
H-score or PR H-score between these sub-cohorts (Supplementary
Fig. S5B, C).

Metastatic pattern of spread
The Cancer Registry contains information on recurrence including
sites of metastases, although these data are incomplete due to the
nature of cancer registries being designed to collect comprehen-
sive information for primary and not metastatic disease. Acknowl-
edging the limitations, we extracted data on recurrences when
available. From the original cohort we identified 46 mDLC, 145 ILC,
and 1,131 IDC in which distant metastasis had occurred.
Patients with mDLC developed metastasis in common sites

including bone, lung, liver, and CNS at an incidence similar to ILC
and IDC, and included a pattern of spread to unique sites including
the pericardium, ovaries, uterus, and orbit (Fig. 4 and Supplemen-
tary Table S8). mDLC demonstrated a pattern of metastatic spread
with no statistically significant differences in incidence at any site
compared to ILC. Compared to IDC, mDLC was proportionately
more likely to metastasise to the peritoneum (p= 0.02), pericardium
(p= 0.046), and gynaecologic sites (p= 0.034), while ILC was less
likely to metastasise to the liver (p= 0.001) and lung (p < 0.001), and
more likely to metastasise to the peritoneum (p < 0.001) and
gastrointestinal sites (p= 0.019). Upon limiting the analysis to ER-
positive cases, the aforementioned differences between mDLC and
IDC or ILC did not reach statistical significance.

Meta-analysis of mDLC clinicopathologic parameters
Finally, we performed a meta-analysis comparing mDLC with ILC
and IDC, focusing on hormone receptor status, tumour size, grade,
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and stage at the time of diagnosis. 23 individual studies
comprising data for almost 50,000 patients with mDLC were
included in the meta-analysis after a thorough review of available
literature (Supplementary Fig. S1 and Supplementary Table S1).
For the meta-analysis, clinical data were abstracted for one or

more parameters as available in each of the 23 studies, which is
reflected in total sample size of each parameter. The analysis
showed that as compared to ILC, mDLC is less likely to be
diagnosed at advanced stages of disease and present at T3 size,
yet is more likely to be Grade 1 (Fig. 5a). There were no significant
differences in hormone receptor status between mDLC and ILC. In
contrast, when compared to IDC, mDLC were more likely to be
hormone receptor positive (Fig. 5b). In addition, mDLCs were less
likely than IDC to be Grade 3 tumours. There were no significant
differences at the stage of diagnosis between mDLC and IDC.
Using data from the same studies, a comparison of IDC and ILC
revealed significantly higher hormone receptor positivity, more
advanced tumours i.e. of larger size and later Stage while being of
significantly lower grade (Fig. 5c).

DISCUSSION
Despite accumulating reports describing cellular, molecular and
clinical heterogeneity and distinguishing differences between
histological subtypes, treatment planning largely follows algo-
rithms based upon molecular/immunohistochemical subtypes, i.e.
hormone receptor-positive, HER2-positive, triple-negative breast
cancer. ILC has distinct features from IDC, notable for higher ER
positivity rates [8–10], associated difficulties with detection [28],
large size and multifocal nature at diagnosis [8–10], and spread to
atypical sites [10–13]. Furthermore, it is well documented that
post-neoadjuvant chemotherapy pCR and successful BCS rates are
significantly lower in ILC as compared to IDC [24, 29, 30]. Inferior
outcomes reported in patients with ILC vs. IDC across multiple
studies [11, 17, 31, 32] argue for the consideration of more tailored
treatment planning based on underlying histology. The unique

mixed composition of mDLC with generally poorly understood
clinical behaviour further emphasises this need.
Owing to its rarity and in the absence of a widely accepted and

changing definition, precise and consistent identification of mDLC
has hindered its characterisation. As elaborated earlier, the current
definition of mDLC is based on the 2019 classification by the WHO,
which was updated from an initial description published in 2013
[6]. With regard to the definition of mixed tumours prior to 2013,
few references are available on this topic. In the Breast Pathology
1st Edition 2012 textbook, mixed ductal tumours are described as
consisting of 10–49% ductal NST pattern with over 50% contain-
ing a nonspecialised pattern [33]. Several other studies and
textbooks describing the histology of mixed tumours [34–36]
provide a descriptive characterisation of mixed tumours but often
do not specify a more formal definition. Thus, we acknowledge
the subjective nature associated with establishing the diagnosis of
mDLC and believe this further necessitates studies such as those
set forth by our group to better understand this elusive subtype of
breast cancer.
Despite ICD coding of cases as mDLC based on detailed

algorithms, a careful review of data from our institution suggests
that roughly half of these cases did not meet the WHO
histopathologic criteria for categorisation as mDLC. Inaccurate
classification of these cases based on similar ICD coding
algorithms across institutions raises concerns regarding the
validity of data analysis from prior studies in which pathologic
interpretation was not independently assessed. While pathology
reports were individually evaluated for included cases, histology
was not independently reassessed, changed, or re-interpreted due
to changing guidelines. Given the lack of central pathology
review, the fact that the proportion of tumour that was ductal vs
lobular is unknown for 87% of our mDLC cases, and the large time
period covered of our study naturally associated with a number of
pathologists diagnosing the cases, the true biology of these
tumours remains poorly understood. We acknowledge this as a
weakness of our study.
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Our study exemplifies the challenging complexity of mixed
disease. In general, our data suggest that mDLC behaves clinically
more similar to ILC, consistent with a sampling of mDLC tumours
showing the distribution of histologies skewed towards a higher
volume of lobular histology. Arps et al. similarly reported a higher
percentage of mDLC with predominantly lobular (83/148) vs
ductal (65/148) histology [18]. In a smaller sample of mDLC cases
evaluated by Suryadevara et al., however, the lobular component
made up an average of 42% among 7 cases [22]. An underlying
caveat complicating interpretation of individual studies lies in the
evolving definition of mDLC. The absence of a formal definition for
mDLC up until 2012 calls into question the variable criteria utilised
by pathologists to identify and distinguish this subtype. The most
recent definition of mDLC provided by the 5th edition of WHO
classification of cancer [5] includes tumours in which the special
subtype occupies at least 10%. This encompasses significantly
more tumours than was previously defined by the 4th edition
requiring 50% of the tumour to be of the special subtype [6]. It
remains unclear, however, if the current definition sufficiently
describes the spectrum of pathology seen in these tumours and
how this change will affect conclusions made in prior studies
including those made in this current manuscript. An even more
important issue in the classification of ductal and lobular

carcinomas is inconsistent use of E-cadherin (and other immuno-
histochemical stains such as p120 and beta-catenin) worldwide on
tumours with ambiguous histology. Lack of e-cadherin expression
with concomitant cytoplasmic accumulation of p120 is a
characteristic finding seen in lobular cancers that molecularly
correlate with biallelic inactivation of the CDH1 gene. At our
institution, almost all invasive carcinomas with single-cell infil-
trative or lobular-like nested growth patterns are confirmed with
E-cadherin staining. We believe a more consistent immunohisto-
chemical approach in routine practice is necessary for improving
and standardising diagnosis of lobular disease.
Meta-analysis of the literature reported to date demonstrates

similarities between mDLC and ILC with regard to hormone
receptor positivity, although data herein show slightly higher
positivity rates in ILC. Congruent to meta-analysis results, we
report that, on average, mDLC tumours are larger in size upon
diagnosis as compared to IDCs, and smaller than ILCs. Majority of
mDLC have Grade 2 tumours similar to ILC.
Although mDLC behaves clinically more like ILC their survival

outcomes are not exactly the same as ILC. Limited sample size is
potentially a factor in our inability to detect a statistically
significant difference between mDLC and IDC. We do however
show inferior outcomes in patients with ILC as compared to
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patients with IDC, which is in line with several reports in the
literature [8, 11, 31, 32, 37, 38].
Higher congruence between mDLC and ILC with regard to key

clinicopathologic parameters suggests mDLC may respond to
hormonal versus chemotherapy in a corresponding manner such
that responses to chemotherapy are likely to be suboptimal. Within
our patient population, we demonstrate lower rates of successful
BCS in mDLC compared to IDC, yet higher than that observed in ILC.
This trend did not reach statistical significance likely due to small
sample sizes. These findings parallel the trend in ER positivity rates
in mDLC, which were accordingly higher than IDC and lower than
ILC. We acknowledge that very few patients with mDLC received
neoadjuvant systemic therapy and thus these data are exploratory
in nature and should be interpreted with caution.
Comparison of Oncotype DX RS between the cohorts identified

a significantly different distribution of RS in ILC compared to IDC,
similar to what has previously been shown [11, 39, 40]. High RS
was found in 7% of ILC vs 14% in IDC (p < 0.003). High RS was seen
in 6% mDLC, but this difference was not significant again likely a
result of limited sample size. Data suggest that RS does have
prognostic and predictive value in ILC. Furthermore, chemother-
apy does confer OS benefit in patients with ILC and high RS [39].
With regard to mDLC, data are limited although several
publications report a lesser frequency of high RS similar to what
is seen in ILC [41, 42], which is consistent with the results in our
study. A correlation to poorer breast cancer-specific survival with
high RS has been demonstrated in one study for not only IDC and
ILC, but was additionally noted in an mDLC cohort [42].

CONCLUSIONS
As our understanding of the clinical behaviour of mDLC deepens,
fundamental questions remain regarding the origins of this elusive
subtype. This of course requires a better understanding of the
differences and origins of disease for ILC and IDC. Recognition of
shared and unique pathways within individual ductal and lobular
components of mDLC causing tumorigenesis and disease progres-
sion will be essential in determining the most effective approach to
treatment. It will be essential to make frequent use of immunohis-
tochemistry and promising new technologies including spatial
molecular analyses and digital pathology to improve understanding
of mDLC. In addition, working in national and international
collaborations will help to obtain sufficiently large number of cases
to generalise and solidly the findings and to standardise diagnoses
which will ultimately help to improve outcomes in patients.
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