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International surveyon invasive lobularbreast
cancer identifies priority research questions
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Steffi Oesterreich 1 , Leigh Pate2,21, Adrian V. Lee 1,3, Fangyuan Chen 1,4, Rachel C. Jankowitz 5,
Rita Mukhtar 6, Otto Metzger7, Matthew J. Sikora 8, Christopher I. Li9, Christos Sotiriou 10,
Osama S. Shah1, Thijs Koorman 11, Gary Ulaner12, Jorge S. Reis-Filho13,20, Nancy M. Davidson9,
Karen Van Baelen 14, Laurie Hutcheson 15, Siobhan Freeney16, Flora Migyanka17, Claire Turner18,
Patrick Derksen11, Todd Bear19 & Christine Desmedt 14

There is growing awareness of the unique etiology, biology, and clinical presentation of invasive
lobular breast cancer (ILC), but additional research is needed to ensure translation of findings into
management and treatment guidelines. We conducted a survey with input from breast cancer
physicians, laboratory-based researchers, and patients to analyze the current understanding of ILC,
and identify consensus research questions. 1774 participants from 66 countries respondents self-
identified as clinicians (N = 413), researchers (N = 376), and breast cancer patients and advocates
(N = 1120), with some belonging tomore than one category. Themajority of physicians reported being
very/extremely (41%) to moderately (42%) confident in describing the differences between ILC and
invasive breast cancer of no special type (NST). Knowledge of histology was seen as important (73%)
and as affecting treatment decisions (51%), andmost agreed that refining treatment guidelines would
be valuable (76%). 85% of clinicians have never powered a clinical trial to allow subset analysis for
histological subtypes, but the majority would consider it, and would participate in an ILC clinical trials
consortium. The majority of laboratory researchers, reported being and very/extremely (48%) to
moderately (29%) confident in describing differences between ILC and NST. They reported that ILCs
are inadequately presented in large genomic data sets, and that ILC models are insufficient. The
majority have adequate access to tissue or blood from patients with ILC. The majority of patients and
advocates (52%) thought that their health care providers did not sufficiently explain the unique
features of ILC. They identified improvement of ILC screening/early detection, and identification of
better imaging tools as top research priorities. In contrast, both researchers and clinicians identified
understandingof endocrine resistanceand identifying novel drugs that canbe tested in clinical trials as
top research priority. In summary, we have gathered information from an international community of
physicians, researchers, and patients/advocates that we expect will lay the foundation for a
community-informed collaborative research agenda, with the goal of improving management and
personalizing treatment for patients with ILC.

Breast cancer is the most frequently diagnosed cancer with one in eight
woman being diagnosed in their lifetime1. Invasive breast cancers exhibit
different histological subtypes with the majority (~75–80%) being carci-
noma of no special type (NST), previously referred to as invasive ductal
carcinoma (IDC). Invasive lobular breast cancer (ILC) is themost common
special type, representing 10–15%of all breast cancers2. Thehallmarkof ILC

is loss of E-cadherin, resulting in discohesive cells and alteration of tumor
cellular morphology. These are the foundation for the histopathological
diagnosis3. The diagnosis of ILC remains challenging in part due to the
existence of different ILC subtypes and a lack of consistency of diagnostic
methodology4. Recent studies have shown that interobserver agreement in
diagnosis of ILC can be increased with the use of E-cadherin
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immunohistochemistry (IHC) as a diagnosticmarker5, and although efforts
to improve this have recently beenpublished (https://pubmed.ncbi.nlm.nih.
gov/38641322/), at this point in time there are no guidelines recommending
its use. The pathognomonic feature of ILC is genetic inactivation ofCDH16.
Compared to patientswithNST, patients with ILC are older, and at the time
of diagnosis tumors are mostly estrogen receptor-positive, larger, and of
higher stage, likely due to limitations of imaging modalities for detection of
lobular tumors7. Patients with ILC suffer more frequently from late recur-
rences (often to less common sites such as the gastrointestinal and uro-
genital tract) than patients withNST, resulting inworse long-term outcome
despite fewer high-risk patients being identified by molecular profiling8.
There are limited studies comparing response to chemotherapy, but col-
lectively they suggest decreased efficacy in patients with ILC9,10. Despite the
increasing realization of unique biology, etiology, and progression of ILC,
ILC is understudied relative to other breast cancers, and there are no
treatment guidelines specifically for ILC7, however some clinical trials spe-
cific for or enriching for patients with ILC are currently being performed.

Here we undertook a worldwide survey, which included the three
major stakeholders – breast cancer clinicians/researchers, laboratory-based
researchers, and the community including patients and patient advocates.
Using this survey, we analyzed the current understanding of ILC and
identified consensus research questions on ILC, which can provide the
foundation for future collaborative studies.

Results
Demographics and characteristics of survey respondents
In total, 1714 individuals were contacted by email with a 39% response rate
and for these responses there was a 95% completion rate in taking the
survey. Subsequent additional targeted recruitment and outreach via social
media especially Twitter (now X) and Facebook resulted in an additional
1,166 respondents starting the survey. In total, 1774participants answered at
least one question and 1310 finished the survey. Of the survey respondents,
688 asked to be included as having contributed to the survey, and they are
listed (Supplementary Data File 1).

Respondents resided in 66 countries (Supplementary Data File 2)
covering all continents except Antarctica (Fig. 1A). The top three countries
based on number of respondents were the US (47.65%), UK (9.66%) and
Ireland (6.55%).

Respondents self-identified as breast cancer physicians/researchers
(N = 413), as basic (laboratory-based) researchers (N = 376), and breast
cancer patients (N = 1121) of whom 288 (26.1%) indicated membership in
advocacy groups (Fig. 1B). Some respondents belonged to more than one
category - 28 clinicians and 17 laboratory-based researcherswere also breast
cancer patients. Therewas also overlap between the breast cancer clinicians/
researchers and the laboratory-based researcher, with 195 (47.2%) identi-
fying as clinicians with a research lab.

The majority of the breast cancer physicians were medical oncologists
(46.5%) and surgeons (22.5%) followed by representation from pathology
(12.3%), radiation oncology (4.1%), gynecology (1.0%) and others (5.6%),
which included palliative care, patient navigators, clinical oncology,
geneticist, family medicine, nuclear medicine and more (Fig. 1C). Most of
the clinicians practice in academia (60.6%), followed by private practice
(17.4%), and governmental institutions (16.9%). There was an equal dis-
tribution of experience: 1–10 years (24.0%), 11–20 years (32.6%), 21–30
years 22.7%), and 31 years and more (19.6%). The majority of physicians
treated 11-50 (42.8%) and 51–100 (26.8%) patients per month.

The majority of self-identified laboratory-based researchers work in
academic institutions (80.7%), and others in private (9.4%) and govern-
mental (6.7%) institutions. There was a roughly equal distribution of
researchers working (50.9%) vs. not working on lobular (49.1%) breast
cancer, and 80% of those working on ILC have previously received funding
for their work on ILC from a wide range of funders (Supplementary Data
File 3). The majority of researchers have been working for 1–10 years
(35.7%), followed by 11–20 years (29.7%), 21–30 years (23.7%), 31 years
(7.8%) and more (19.6%), and less than 1 year (3.6%).

Therewere 1121 respondents that indicated that they have or have had
breast cancer or in situ carcinoma, called “patients” hence forth. At the time
of response to the survey, 62.5% had breast cancer but were currently
without evidence of disease, 25.4% were in active treatment for breast
cancer, and 19.1% had indicated that their disease had recurred with 8.1%
being local and 11.1% being distant recurrences. Lobular breast cancer was
the most common histology (63.1%), followed by LCIS (13.6%), DCIS
(6.8%), NST (6.3%), mixed ductal/lobular (5.3%) and others/unknown
(4.9%). The average age for diagnosis was 52.3 years.

Of the 1121 patients who responded, 288 (26.1%) indicated mem-
bership in advocacy groups. Of the total number of respondents to the
survey, 403 (23.1% of all respondents) belonged to one or more of 170
different advocacy groups, support groups, and other foundations (Sup-
plementary Data File 4).

Current understandingof lobular breast cancerbyclinicians, and
communication with patients
The majority of physicians were confident in describing the differences
between ILC and NST (Fig. 2A), and there was no significant difference
between medical oncologists, surgeons and other specialties. Only 4% were
not all confident, or slightly confident (12%) about the differences. Physi-
cians indicated that knowledge of histology was seen as very/extremely
important (73%) (Fig. 2B), and this again was not different between the
different specialties The majority of physicians stated that knowledge of
histology affected their treatment decisions a lot (51%) or a moderate
amount (32%), with surgeons (60%) and others (59%) using histology
information significantly more than medical oncologists (40%). Very few
physicians (4.5%) felt that knowing histology was not at all or only slightly
important. Themajority of physicians (57%) indicated that there either was
no data, that they did not know, or that they were unsure if there were
clinical trials and outcome data supporting unique treatments for ILC.
Refining treatment guidelines specifically for lobular breast cancer was seen
as valuable for treating patients with ILC in the future by 76% of physicians,
for a number of reasons outlined in Supplementary Text File 2.

We asked howpatients perceived the knowledge of and specifically, the
communication about ILC-specific features by physicians. Many patients
(52%) thought that their health care providers did not explain unique fea-
tures of ILC (Fig. 2C). “Personalized therapybased onhistological diagnosis”
was discussedwith 21% of patients, while it was not discussedwith 42%. For
28% of patients, the physicians explained that there was no difference in
treatment for NST and ILC. Discussions about potential personalized
therapies were held mostly with medical oncologists (89%), followed by
surgeons (72%). There were an equal number of radiation oncologists who
“definitely did not/probably not” (50%) and who “definitely did/probably
did” (50%)discuss ILC-personalized therapy.Most physicians (71%)didnot
mention that ILC canmetastasize to unique places and did not discuss what
symptoms, including unusual symptoms, of recurrence the patients should
report in the future (78%). For all these communication-related questions,
there were differences between countries, with health care providers in the
US more frequently being perceived as explaining ILC specific features
compared to other countries (Supplementary Data File 5).

Finally, we asked which other ILC-related topics the patients wished
they have had a chance to discuss with their physicians. The most common
was a discussion of the unique clinical features of ILC, followed by infor-
mation on recurrence and metastasis, cancer detection and screening, and
influence of breast density (Supplementary Data File 6, and Supplementary
Fig. 1). All answers were clustered into one of the topics based on semantic
similarity, which can be interactively visualized under ‘Topic’ coloring
scheme via https://atlas.nomic.ai/data/chelseax488/ilc-survey---discussion-
with-doctors/map.

Current basic/translational research and future priorities identi-
fied by survey respondents
For those who self-identified as basic or translational researchers, 48%were
very/extremely and 29% were moderately confident in describing
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differences between ILC andNST. Themajority (59.8%) performednone or
only a little ILC research with only 20% performing a lot or a great deal of
ILC research.Reflecting this, only 23%received funding toworkon ILC, and
thosewho focusedon ILCwere significantlymore funded for their ILCwork
(54%) compared to those who don’t focus on ILC (9%).

There is the need for additional ILC models, as only 11% of respon-
dents found that there were sufficient in vitro and in vivo models for ILC
research. 32% of respondents use ILC cell line models in their research, the
most common beingMDA-MB-134 and SUM44.Majority did not use ILC
models due to “lack of facility, resources, or expertise”. 52% of respondents
felt that ILC was poorly represented in public genomic datasets, while 69%
felt that they were able to obtain lobular breast cancer tissue and/or blood
samples from patients with ILC for research.

We asked the three major stakeholders for their opinions on research
priorities in ILC (Fig. 3, and Supplementary Data File 7). We posed ques-
tions about 6 major areas with each area having subcategories. The main
areas were: (1) Epidemiology and Risk Reduction; (2) Diagnosis (Imaging
and Pathologic Analysis), (3) Therapy, treatment resistance and disease
progression; (4) Local therapy of the primary tumor; (5) Imaging; and, (6)
Lobular tumorigenesis (the formation of tumors), and other basic/transla-
tional research questions. There was general agreement in prioritization of
research priorities by the physicians and laboratory-based researchers. Both
chose “Therapy, treatment resistance and disease progression” as their top
research area followedby “Diagnosis (Imaging andPathology)”. For 5 out of
the 6 areas therewas agreement on the specific subcategories of interest with
the two highest being “Determiningmechanisms of endocrine resistance in
ILC” and “Understanding value of genomic predictors for ILC prognosis
and prediction of therapeutic response”. The largest discordance was in the
area of “Basic/translational research” with physicians choosing “Focusing
on development of a centralized ILC data and tissue registry” whereas
laboratory-based researchers chose “Characterizingdifferences in the tumor
microenvironment between ILC and NST”. The top priority areas for
patients were “Imaging” and “Diagnosis (Imaging and Pathology)”. Within
“Imaging”, all groups identified “Identifying new and specific imaging tools
for ILC” as the key research area, whereas in “Diagnosis (Imaging and
Pathologic Analysis)”, patients chose “Identifying strategies to improve ILC

a

b c

Fig. 1 | Location of respondents to ILC Survey. A A world map showing the
percentage by country of respondents to the survey, and the top ten countries with
numbers of respondents. World map was generated using https://github.com/
geopandas/geopandas. B Overall number of physicians, lab- based researchers, and
breast cancer patients, with advocates being indicated.C Physicians are separated by
clinical specialty.

Fig. 2 | Current understanding of lobular breast
cancer by physicians and communication with
patients. A Responses by clinicians about con-
fidence in describing differences between ILC and
NST. B Importance of knowledge of histology for
physicians. C Patients’ responses on communica-
tion with physicians. ”Other” refers to “I was not
offered personalized therapy because my physician
explained that the treatment is no different for ductal
than for lobular”.

a b

c
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screening/early detection” and physicians and researchers choose “Role of
genomic predictors for ILC prognosis and prediction of therapeutic
response”.

And finally, there was a free text field question asking which other
research questions have high priority that might not have been listed. The
most frequently mentioned topics (Supplementary Data File 8) among a
wide range of answers were: (1) Genetic screening, Germline mutations,
Familial risks, (2) Awareness education, (3) NewAromatase Inhibitors (AI)
and Selective Estrogen Receptor Degraders (SERDs) and duration of
treatment, (4)Genomicpredictors/markers, and, (5)Chemotherapy-related
questions.

Clinical trials focused on ILC
Finally, we asked physicians specifically about their opinions on clinical
trials in ILC. Half of the physicians reported that “Most of the time/always”
approximately half of the clinical trials and studies they were involved in
collected data on tumor histology, with twice as many surgeons (35%) than
medical oncologists (16%) “always” collecting histology information. Fur-
ther, 66% of physicians stated that clinical trials they are involved in do not
or only sometimes consider histology in their inclusion/exclusion criteria.
Most physicians (86%)havenot powered clinical trials theywere involved in
to specifically allow a subset analysis for ILC, and this was not significantly
different between surgeons, medical oncologists and other physicians.
However, 50% would “probably” and 36% would “definitely” consider
powering clinical trials to do subset analysis of lobular breast cancer in the
future, for awide rangeof reasons (SupplementaryText File 3). Importantly,
most physicians (87%) would consider participating in consortia conduct-
ing clinical trials in ILC.

Discussion
ILC is inherently understudied compared to the more common NST
subtype of breast cancer. To better understand conceptions about ILC
and key research areas, we surveyed patients/advocates, physicians, and
laboratory-based researchers. A robust world-wide response (n = 1774)

was obtained from all three key stakeholder groups. Physicians are
confident in describing the differences between ILC and NST and feel
that knowledge of histology is important, as it affects their decision
making. Importantly, they responded that future refined treatment
guidelines would be valuable for patients with ILC. While very few
clinical trials have been directed specifically at ILC, most physicians
expressed an interest in such trials. Most laboratory researchers felt that
ILCs are inadequately presented in large genomic data sets, and there are
too fewmodels of the disease. Themajority of patients thought that their
health care providers did not explain unique features of ILC, and that in
general communication was limited. Overall, while there is growing
interest in the study and understanding of ILC, there are clear gaps in
understanding and presentation of the disease to patients. This challenge
is beginning to be addressed by advocacy groups who are developing
publicly available educational materials available on websites for
examples from the Lobular Beast Cancer Alliance (https://
lobularbreastcancer.org/), the European Lobular Breast Cancer Con-
sortium (https://elbcc.org/), and in general there has been an overall
increased awareness of unique features of ILC.

Both clinical and laboratory studies are hindered by a lack of studies
targeted specifically at ILC and addressing ILC-specific challenges. We
asked the three major stakeholders what they felt were the most important
areas of ILC research. While there was general concordance between the
groups, important areas did show discordance. For example, while physi-
cians and researchers both chose ‘Therapy, treatment resistance and disease
progression’ as their top research area, patients/advocates chose ‘Imaging’
and ‘Diagnosis (Imaging and Pathologic Analysis)’. Our survey results are
consistent with a recent survey of patients and advocates (n = 1476) pre-
viously diagnosed with ILC who expressed concerns over current imaging
standards11. These patients reported that mammography often failed to
detect ILC cases until they reach stage 2 or higher, a common issue for ILC.
Importantly, tumors were often larger at resection than predicted by ima-
ging. A recent review of the literature also reported that MRI and contrast-
enhanced mammogram surpass conventional breast imaging in sensitivity

Fig. 3 | Priority research areas identified by phy-
sicians, laboratory researcher, and patients.
Heatmap showing percentage of individuals rating
each research question as of highest importance
(‘most critical and impactful’, against moderate/low
importance) among 6 domains of topics in physi-
cians, lab-based researchers, and patients, respec-
tively. Color and number represents the percentage
from 0-100 in each block.

Epidemiology and 
risk reduction

Diagnosis (imaging 
and pathology)

Imaging

Local therapy of  
primary tumor

Basic/translational 
research question

Therapy, treatment 
resistance and 

disease progression

Percentage
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and specificity of ILC detection12. There have been recent advances in
understanding the reasons for decreased ability to image ILC e.g., reduced
uptake of glucose limited FDG-PET13 and direct comparisons showing
better imaging via FES-PET compared to FDG-PET in ILC14. This is clearly
an area of patient/advocate interest.

Patients and advocates also highlighted the need for improved diag-
nosis (imaging and pathologic analysis). This is also consistent with a recent
survey of pathologists highlighting the lack of standard definitions for
diagnosis of ILC4. The current World Health Organization (WHO) classi-
fication for ILC diagnosis only requires pathologists to note a non-cohesive
growth pattern in the tumor and does not require analysis of E-cadherin
status. Highlighting challenges in pathologic diagnosis of ILC, thirty-five
pathologists diagnosedNSTand ILC froma set of breast cancers and showed
only amoderate inter-observer agreement, but a substantial agreementwas a
foundwhenE-cadherinwas also used in the diagnosis5. Efforts have recently
been done by the pathology working group from the European Lobular
Breast Cancer Consortium (ELBCC) to harmonize pathological diagnosis of
ILC (https://pubmed.ncbi.nlm.nih.gov/38641322/). Finally, the increased
development and use of digital pathology and artificial intelligence, such a
recently reported algorithm using 51 different types of clinical and mor-
phological features differentiating between NST and ILC with an AUC of
0.9715 may eventually offer the option to improve diagnosis. Another
example is a recent study which used a machine learning system to detect
‘CDH1 biallelic mutations’ as ground truth rather than histology and then
developed an AI-based system that can detect ILCs accurately16. These
algorithms may help resolve the morpho-molecular diagnosis of ILC17,
particularly with the complex mixed subtypes.

Different from the patients/advocates, the top two most important
research questions identified by clinician and laboratory researchers
were 1) determining mechanisms of endocrine resistance, and 2) iden-
tifying novel therapeutic targets, repurposing existing drugs and pro-
gressing them to clinical trials. These research questions align with the
identified priority areas of ELBCC (https://lobsterpot.eu/organisation/
working-groups and https://lobsterpot.eu/organisation/pr2), and likely
reflect the desire to personalize therapy for patients with ILC through
improved understanding of unique biology of ER and other signaling
pathways. While preclinical and clinical studies have suggested that ILC
may be relatively resistant to antiestrogen therapy18–20 and sensitive to
inhibitors of growth factor receptor/PI3K/ROS1 signals21–25, clinical trial
evidence supporting these concepts remain lacking. The first clinical
trial that focused specifically on ILC (GELATO; NCT03147040) which
evaluated chemotherapy followed by immunotherapy in patients with
metastatic ILC showed a relatively low (27%) clinical benefit rate26. It was
discontinued in part because the responding tumors were of the rare ER-
negative subtype of ILC and because chemotherapy plus immunother-
apy is now standard of care for patients with PD-L1+metastatic TNBC,
regardless of histological subtype. Of note, interesting correlative science
from this trial as well as another recent study27 supports the need for
further analysis of the immune infiltrate in ILC.

There are limitations to the study, which include uneven representa-
tion of the three stakeholder groups. In addition, the physicians are not truly
a representative group as only 17% are in private practice suggesting limited
participation from community physicians. In addition, physicians involved
in the diagnostic practices, including pathologists and radiologists, are
underrepresented in the survey respondents, which are skewed towards
medical oncologists. As with many surveys, the responses are biased in
terms of who takes the time to respond to the survey, ie the respondents are
likely highly motivated to improve understanding of ILC. Finally, although
we do have representation from 66 countries, almost two thirds of the
responses (64%) originate from only three countries.

In summary, we have obtained data onworld-wide understanding and
interest in the study of ILC. Patients feel that communication of the unique
features of ILC by the physician can be improved. While physicians and
laboratory researchers feel the need to better understand endocrine resis-
tance, to identify new treatment targets and/or repurpose existing drugs for

ILC treatment, patients’ top priority research area is improved imaging.
Overall, the survey indicates areas where interventions can be implemented
to improve communication and outcomes for patients with ILC.

Methods
Survey development and measures
After discussing the concept and development of an early version of the
survey, a draft was sharedwith representatives from the three groups, breast
cancer clinicians/researchers, laboratory-based researchers, and the com-
munity including patients and patient/advocates (hitherto called “physi-
cians,” “researchers,” and “patients/advocates”). Multiple rounds of edits
were circulated among the team, and the survey was then further refined by
the UPMC Hillman Cancer Center Population Survey Facility. After beta
testing with a subset of physicians, researchers and patients/advocates, final
edits were made, and the survey was developed and distributed using the
Qualtrics online survey tool, through the Population Survey Facility. The
final survey (Supplementary Text File 1) was fieldedMarch toMay 2022 to
email lists compiled from PubMed, ORCID and professional networks,
followed by distribution via social media.

For our study, we have complied with all relevant ethical regulations
including the Declaration of Helsinki. The survey was anonymized, and
responses were not linked to identifiers, however respondents had the
opportunity to list names if they chose to be identified as survey participants
in the resultingmanuscript (SupplementaryData File 1). The study received
Pitt institutional reviewboard approval (STUDY21010058, initially effective
on 03/22/2021, and final version was effective on 02/17/2022).

Analysis of survey results
All responses were collected by the University of Pittsburgh Population
Survey Facility. To analyze responses for topic ofmost critical and impactful
researchquestions, each variablewas dichotomized (most impactful or not),
a top scorewas generatedwhichwas thenanalyzedusing chi-square analysis
across the subgroups.

Free text field questions 34 (“Which ILC cell models are you including
in your studies”) and 58 (“Please indicate below other research questions
that have high priority that we have not listed”) weremanually summarized
(SO, AVL) with common themes assigned for each answer with high
consistency (overlap rate for Q58 = 98.36%). Natural language processing
(Chat GPT, and sentence transformer – see below for details) was used to
analyze responses to free textfield questions 33 (“Whyare younot including
ILC cell models in your studies”) and 50 (“What do you now know about
ILC that you wish you could have heard from and discussed with your…”),
which were all initially filtered to exclude missing or semantically non-
meaningful items. For question 33, a prompt was made for ChatGPT4,
“Think as aphysician scientist, patient, andbasic researcher inbreast cancer.
Summarize the common but non-overlapping reasons shared among
answers, ‘Why are you not including ILC cell models in your studies?’, For
each reason, list only the respondent number.”, followed by respondent
number and free-text answers in two columns, individually. The returned
summarization and labeling of each answer were then manually inspected
and adjusted (merging of reason 3 and 6). For question 50.1-5 (“What do
you now know about ILC that you wish you could have heard from and
discussed with your…”), all answers were combined (N = 1260), with each
answer transformed into a 384-dimentional vector (embedding) via sen-
tence transformers (https://huggingface.co/sentence-transformers), and
converted to 5-dimension using UMAP with local neighborhood at 15.
HDBSCAN was then performed with minimum cluster size of 15, on
Euclidean distance and cluster selection method as ‘eom’, generating 23
clusters. Then for each cluster, class-basedTF-IDF (c-TF-IDF) vectors were
calculated among all words, followed by topic reduction via merging c-TF-
IDF vectors with highest cosine similarity with 10 iterations, generating 14
final topics. The resulted topics weremerged into 11 viamanual assessment
of words of top frequency within each cluster, after which all answers of the
same topic, except for ‘ambiguous’ group, were passed to gpt-4 api deter-
ministic model (temperature zero) respectively, with a prefix “Think as a
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patient with breast cancer, and as a physician scientist studying breast
cancer, summarize in professional scientific language one single common
topic shared among answers, ‘What do you now know about ILC that you
wish you could have heard from and discussed with your breast cancer
doctor?’ The summarization should be a single, brief sentence”. Then
metastasis and recurrence groups were manually merged based on expert
suggestion. This eventually led to 10 topic clusters, including one non-
specific group (ambiguous).

Crosstabulations were analyzed using Chi-Square test, and for these
some groups were combined (such as pathologists, radiation oncologists,
gynecologists, and others) due to the limited number in such subgroups
analysis.

Data availability
The study does not contain any sequencing or structural data. Majority of
responses to survey aswell as original survey document have been uploaded
into Supplementary Text and Data Files. Additional raw data are available
upon reasonable request from the corresponding author.

Code availability
Codes for text analysis are provided in https://github.com/leeoesterreich/
ILC-Survey.

Received: 23 January 2024; Accepted: 14 June 2024;

References
1. National Program of Cancer Registries and Surveillance,

Epidemiology, and End Results SEER*Stat Database: NPCR and
SEER Incidence - U.S. Cancer Statistics 2001-2017 Public Use
Research Database, 2019 Submission (2001-2017), United States
Department of Health and Human Services, Centers for Disease
Control and Prevention and National Cancer Institute. Released June
2020. Accessed at www.cdc.gov/cancer/uscs/public-use.

2. McCart Reed, A. E., Kalinowski, L., Simpson, P. T. & Lakhani, S. R.
Invasive lobular carcinomaof the breast: the increasing importance of
this special subtype. Breast Cancer Res. 23, 6 (2021).

3. Christgen, M. & Derksen, P. Lobular breast cancer: molecular basis,
mouse and cellular models. Breast Cancer Res. 17, 16 (2015).

4. De Schepper, M. et al. Results of a worldwide survey on the currently
used histopathological diagnostic criteria for invasive lobular breast
cancer.Mod. Pathol. 35, 1812–1820 (2022).

5. Christgen, M. et al. Inter-observer agreement for the histological
diagnosis of invasive lobular breast carcinoma. J. Pathol. Clin. Res. 8,
191–205 (2022).

6. Ciriello, G. et al. Comprehensive Molecular Portraits of Invasive
Lobular Breast Cancer. Cell 163, 506–519 (2015).

7. Van Baelen, K. et al. Current and future diagnostic and treatment
strategies for patientswith invasive lobular breast cancer.Ann.Oncol.
33, 769–785 (2022).

8. Oesterreich, S. et al. Clinicopathological features and outcomes
comparing patients with invasive ductal and lobular breast cancer. J.
Natl Cancer Inst. 114, 1511–1522 (2022).

9. Marmor, S. et al. Relative effectiveness of adjuvant chemotherapy for
invasive lobular compared with invasive ductal carcinoma of the
breast. Cancer 123, 3015–3021 (2017).

10. Truin, W. et al. Effect of adjuvant chemotherapy in postmenopausal
patientswith invasiveductal versus lobular breast cancer.Ann.Oncol.
23, 2859–2865 (2012).

11. Hutcheson, L. B. et al. Abstract P3-15-03: Imaging and invasive
lobular carcinoma: A survey study conducted by the lobular breast
cancer alliance. Cancer Res. 82, P3-15-03–P3-15-03 (2022).

12. Pereslucha, A. M., Wenger, D. M., Morris, M. F. & Aydi, Z. B. Invasive
lobular carcinoma: A review of imaging modalities with special focus
on pathology concordance. Healthcare 11, 746 (2023).

13. Gilardi, L. et al. FDG and Non-FDG Radiopharmaceuticals for PET
imaging in invasive lobular breast carcinoma. Biomedicines 11,
1350 (2023).

14. Ulaner, G. A. et al. Head-to-head evaluation of (18)F-FES and (18)F-
FDG PET/CT in metastatic invasive lobular breast cancer. J. Nucl.
Med. 62, 326–331 (2021).

15. Sandbank, J. et al. Validation and real-world clinical application of an
artificial intelligence algorithm for breast cancer detection in biopsies.
NPJ Breast Cancer 8, 129 (2022).

16. Reis-Filho, J. S. et al. Abstract PD11-01: An artificial intelligence-
based predictor of CDH1 biallelic mutations and invasive lobular
carcinoma. Cancer Res. 82, PD11-01–PD11-01 (2022).

17. Christgen, M. et al. Lobular breast cancer: histomorphology and
different concepts of a special spectrum of tumors. Cancers13,
3695 (2021).

18. Metzger Filho, O. et al. Relative eectiveness of Letrozole compared
With Tamoxifen for patients with lobular carcinoma in the BIG 1-98
Trial. J. Clin. Oncol. 33, 2772–2779 (2015).

19. Nardone, A. et al. A distinct chromatin state drives therapeutic
resistance in invasive lobular breast cancer. Cancer Res. 82,
3673–3686 (2022).

20. Sikora, M. J. et al. Invasive lobular carcinoma cell lines are
characterized by unique estrogen-mediated gene expression
patterns and altered tamoxifen response. Cancer Res 74,
1463–1474 (2014).

21. Bajrami, I. et al. E-Cadherin/ROS1 inhibitor synthetic lethality in breast
cancer. Cancer Discov. 8, 498–515 (2018).

22. Elangovan, A. et al. Loss of E-cadherin Induces IGF1R activation and
reveals a targetable pathway in invasive lobular breast carcinoma.
Mol. Cancer Res. 20, 1405–1419 (2022).

23. Nagle, A. M. et al. Loss of E-cadherin enhances IGF1-IGF1R pathway
activation andsensitizesbreast cancers toanti-IGF1R/InsR inhibitors.
Clin. Cancer Res. 24, 5165–5177 (2018).

24. Teo, K. et al. E-cadherin loss induces targetable autocrine activation
of growth factor signalling in lobular breast cancer. Sci. Rep. 8,
15454 (2018).

25. Hornsveld, M. et al. Restraining FOXO3-dependent transcriptional
BMF activation underpins tumour growth and metastasis of E-
cadherin-negative breast cancer. Cell Death Differ. 23,
1483–1492 (2016).

26. Voorwerk, L. et al. PD-L1 blockade in combination with carboplatin as
immune induction in metastatic lobular breast cancer: the GELATO
trial. Nat. Cancer 4, 535–549 (2023).

27. Onkar, S. et al. Immune landscape in invasive ductal and lobular
breast cancer reveals a divergent macrophage-driven
microenvironment. Nat. Cancer 4, 516–534 (2023).

Acknowledgements
We thank all respondents to the survey who made this work possible.
This work is dedicated to Leigh Pate, who was not only instrumental in
the development of this survey, butwho laid the foundation forworldwide
lobular breast cancer advocacy. We would also like to thank many other
patient advocates representing the different ILC advocacy groups such
as LBCA and ELBCC patient advocates (ELBCA) who have contributed
to editing the original survey questions. This work was made in part
possible by the Survey core of the UPMC Hillman Cancer Center with
support fromNIH grant award P30CA047904. Wewould like to thank the
Shear Family Foundation for their support of generation of the survey and
analysis of results. Fangyuan Chen was a former visiting research
scholar at the University of Pittsburgh School of Medicine supported by
funds from The China Scholarship Council and Tsinghua University. The
study is in part based on work from COST Action LOBSTERPOT
(CA19138), supported by COST (European Cooperation in Science and
Technology). COST (European Cooperation in Science and Technology)

https://doi.org/10.1038/s41523-024-00661-3 Article

npj Breast Cancer |           (2024) 10:61 6

https://urldefense.com/v3/__https:/github.com/leeoesterreich/ILC-Survey__;!!NHLzug!M30U9HoI8vOqbTL78ZEr7yFzA5YaDCsSeXk92kocJ9SWUUumNZdO5hRcXg9hS_w-fdqKDnDV3VQt2jNyKVRy8A$
https://urldefense.com/v3/__https:/github.com/leeoesterreich/ILC-Survey__;!!NHLzug!M30U9HoI8vOqbTL78ZEr7yFzA5YaDCsSeXk92kocJ9SWUUumNZdO5hRcXg9hS_w-fdqKDnDV3VQt2jNyKVRy8A$
http://www.cdc.gov/cancer/uscs/public-use
http://www.cdc.gov/cancer/uscs/public-use


is a funding agency for research and innovation networks https://www.
cost.eu. Research reported in this publication was supported in part by a
Cancer Center Support Grant of the NIH/NCI (Grant No. P30CA008748;
MSK). J.S. Reis-Filho was funded in part by Susan G Komen Leadership,
and NIH/NCI P50 CA247749 01 grants. A number of authors are funded
by the Breast Cancer Research Foundation (SO, AVL, NMD, CL, CS,
CD, JSRF).

Author contributions
L.P., S.O. and A.V.L. conceptualized the study, and developed draft survey.
Critical input on survey development including questions from R.C., R.M.,
O.M., M.J.S., C.L., C.S., T.K., G.U., J.S.R.F., N.M.D., K.V.B., L.H., S.F., F.M.,
C.T., P.D., T.B., C.D. Further refinement of survey by K.V.B. and C.D.,
together with S.O., A.V.L. and L.P. Setting up of online survey, and
subsequent collection and analysis of survey data by T.B. Analysis of data
also by F.C. and O.S.S. S.O., A.V.L., C.D. and L.P interpreted the data, and
wrote the manscuript, and other major contributors in writing and figure
generationwereF.C.,O.S.S. andT.D.All authors readandapproved thefinal
manuscript except L.P. who passed before finishing final draft of the
manuscript.

Competing interests
J.S. Reis-Filho reported receiving personal/consultancy fees fromGoldman
Sachs,BainCapital, REPARETherapeutics, SagaDiagnostics andPaige.AI,
membership of the scientific advisory boards of VolitionRx, REPARE Ther-
apeutics and Paige.AI, membership of the Board of Directors of Grupo
Oncoclinicas, and ad hoc membership of the scientific advisory boards of
AstraZeneca, Merck, Daiichi Sankyo, Roche Tissue Diagnostics and Per-
sonalis,outside thesubmittedwork. Theother authors indicatednopotential
conflicts of interest.

Additional information
Supplementary information The online version contains
supplementary material available at
https://doi.org/10.1038/s41523-024-00661-3.

Correspondence and requests for materials should be addressed to
Steffi Oesterreich.

Reprints and permissions information is available at
http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in anymedium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the
article’sCreativeCommons licence and your intended use is not permitted
by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

1University of Pittsburgh, Department of Pharmacology and Chemical Biology, UPMC Hillman Cancer Center, Women’s Cancer Research Center, Magee Womens
Research Institute,Pittsburgh,PA,USA. 2Independent ILCAdvocate, Founder LBCA,Pittsburgh,PA,USA. 3Institute forPrecisionMedicine,UniversityofPittsburghand
UPMC, Pittsburgh, PA, USA. 4Tsinghua University, Beijing, China. 5University of Pennsylvania and Penn Medicine Abramson Cancer Center, Philadelphia, PA, USA.
6University of California, San Francisco, Department of Surgery, San Francisco, CA, USA. 7Dana Farber Cancer Institute, Department of Medical Oncology, Boston,
MA, USA. 8Dept. of Pathology, University of Colorado Anschutz Medical Campus, Aurora, CO, USA. 9Fred Hutchinson Cancer Center, Division of Public Health
Sciences, Seattle, WA, USA. 10Jules Bordet Institute Belgium, Brussels, Belgium. 11Department of Pathology, University Medical Center Utrecht, Utrecht, The Neth-
erlands. 12Molecular Imaging and Therapy, Hoag Family Cancer Institute, Molecular Imaging and Therapy, Irvine, CA. Departments of Radiology and Translational
Genomics, University of Southern California, Los Angeles, CA, USA. 13Memorial Sloan Kettering Cancer Center, New York, NY, USA. 14Laboratory for Translational
BreastCancerResearch,DepartmentofOncology,KULeuven,Leuven,Belgium. 15LobularBreastCancerAlliance Inc.,WhiteHorseBeach,MA,USA. 16Lobular Ireland,
Dublin, Ireland. 17Dynami Foundation, Wausau, WI, USA. 18Lobular Breast Cancer UK, Nottingham, UK. 19Department of Family Medicine, University of Pittsburgh,
Pittsburgh, patients/advocates, Pittsburgh, PA, USA. 20Present address: AstraZeneca, GAITHERSBURG, MARYLAND, USA. 21Deceased: Leigh Pate.

e-mail: oesterreichs@upmc.edu

https://doi.org/10.1038/s41523-024-00661-3 Article

npj Breast Cancer |           (2024) 10:61 7

https://www.cost.eu
https://www.cost.eu
https://doi.org/10.1038/s41523-024-00661-3
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
mailto:oesterreichs@upmc.edu

	International survey on invasive lobular breast cancer identifies priority research questions
	Results
	Demographics and characteristics of survey respondents
	Current understanding of lobular breast cancer by clinicians, and communication with patients
	Current basic/translational research and future priorities identified by survey respondents
	Clinical trials focused on ILC

	Discussion
	Methods
	Survey development and measures
	Analysis of survey results

	Data availability
	Code availability
	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information




