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ARTICLE INFO ABSTRACT

Keywords: Invasive lobular carcinoma (ILC) represents approximately 10-15% of all breast cancers and is defined by a
Invasive lobular carcinoma (ILC) unique discohesive morphology due to loss of E-cadherin. Despite its prevalence, ILC has been historically un-
E-cadherin

derrepresented in clinical and translational research, contributing to diagnostic, therapeutic, and prognostic
uncertainties. This narrative review, conducted by the Invasive Lobular Carcinoma Research Group, synthesizes
current evidence on ILC with expert perspectives to inform future research and clinical strategies.

We highlight the distinct biology of ILC, including characteristic genomic alterations (e.g., CDH1, PIK3CA,
ERBB2 mutations) and its relationship with endocrine sensitivity and limited immune infiltration. Diagnostic
challenges are underscored by ILC’s subtle imaging presentation and underestimation of tumor extent on
mammography and ultrasound, with MRI and contrast-enhanced mammography offering improved accuracy.
The review discusses evolving surgical approaches, axillary staging considerations, and radiotherapy strategies,
with an emphasis on adapting techniques to ILC’s infiltrative growth.

Endocrine therapy
Neoadjuvant treatment
Precision oncology
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Endocrine therapy remains central for hormone receptor—positive ILC, with emerging evidence supporting
CDK4/6 inhibitors and extended endocrine therapy in high-risk cases. Investigational therapies targeting ILC-
enriched mutations and synthetic lethality mechanisms (e.g., ROS1 inhibition in CDHI-deficient tumors) hold
promise for personalized treatment.

This comprehensive review identifies knowledge gaps and advocates for histology-specific clinical trials,
biomarker-driven treatment strategies, and tailored imaging and surgical techniques to improve outcomes for

patients with ILC.

Introduction

Invasive lobular carcinoma (ILC) is the second most common histo-
logical subtype of breast cancer, accounting for approximately 10-15 %
of cases [1]. Despite its relative frequency, ILC has historically been
underrepresented in research compared with invasive ductal carcinoma
(IDC), contributing to knowledge gaps in its pathobiology and clinical
management.

The hallmark feature of ILC is E-cadherin deficiency, which underlies
its distinctive discohesive growth pattern. This morphology complicates
detection using conventional imaging techniques and contributes to
unique patterns of metastatic spread and treatment response [2]. Ad-
vances in molecular profiling have highlighted the distinct genomic and
transcriptomic landscape of ILC, prompting a resurgence of interest in
this subtype [3].

Clinical challenges span the disease continuum, from limitations in
early detection, especially in dense breast tissue, to uncertainties in
surgical margin assessment and optimal systemic therapy selection. In
particular, the potential role of targeted therapies based on ILC-specific
biology is an active area of investigation [4].

This narrative review aims to provide a comprehensive overview of
ILC, summarizing its defining biological characteristics, diagnostic and
therapeutic challenges, and emerging opportunities for improving out-
comes in this unique breast cancer subtype.

In January 2025, a group of experts in ILC convened for a dedicated
meeting focused on lobular disease. This initiative led to the formation
of the Lobular Breast Cancer Research Group, with the shared objective
of identifying the major knowledge gaps surrounding ILC and devel-
oping collaborative research strategies to address them.

Epidemiology and risk factors

Breast cancer mortality has declined substantially in Europe, with
rates projected to fall to 13.3 per 100,000 women by 2025, largely due
to improvements in screening and treatment [5]. Similar trends are
anticipated in North America and Oceania [6].

ILC accounts for approximately 10-15 % of all breast cancer cases
and typically affects women in midlife. ILC has been reported in carriers
of certain non-BRCA1 germline mutations, including BRCA2, ATM, and
CHEK2, although evidence from large datasets remains inconsistent.
Some studies suggest a lower prevalence of PALB2 mutations in ILC
compared to ductal carcinomas [88]. In contrast, ILC is rarely observed
among BRCA1 mutation carriers, who more commonly develop triple-
negative ductal carcinomas [103]. Stronger evidence supports the as-
sociation between CDH1 germline mutations and lobular histology.

A positive family history—particularly involving paternal rela-
tives—has been reported more frequently in women with ILC in a single-
institution study [8,108], although this finding stems from a small
Swedish cohort and has not been validated in subsequent research
[108].

While heritable mutations account for only a minority of ILC cases,
lifestyle-related factors likely contribute to disease risk. However,
identifying ILC-specific environmental risk factors remains challenging
due to inconsistent findings across studies [11].

Finally, outcome comparisons between ILC and IDC remain incon-
clusive, largely because of heterogeneity in prognostic markers, disease

presentation, and treatment strategies [9,10].
Reproductive, menstrual, and hormonal factors

Established reproductive risk factors include early menarche, late
menopause, nulliparity, delayed first childbirth, and short breastfeeding
duration. These factors confer increased risk of both IDC and ILC, though
the latter may be more hormonally sensitive [12]; Katuwal et al., 2022].
Reproductive factors such as later age at first full-term pregnancy and
higher parity have been more strongly associated with ILC than with IDC
in several cohort studies, including data from the Carolina Breast Cancer
Study [109].

Hormone replacement therapy (HRT), particularly combined
estrogen-progestin formulations, increases breast cancer risk and may
contribute to ILC incidence [13,14]. Declines in HRT use have been
temporally linked to reduced breast cancer rates. Oral contraceptive use
confers only a small and reversible increase in risk, primarily among
current users. Notably, estrogen-only HRT has also been associated with
an increased risk of ILC (relative risk ~ 1.4), a pattern not observed in
breast cancers of no special type [7].

Chemoprevention with selective estrogen receptor modulators and
aromatase inhibitors reduces breast cancer risk in high-risk populations,
including ILC, although uptake remains limited due to adverse effects
[15].

Lifestyle habits

Obesity, particularly in postmenopausal women, and long-term HRT
use are major modifiable risk factors. Addressing these factors could
prevent up to 20 % of postmenopausal breast cancers [16].

Alcohol intake increases breast cancer risk in a dose-dependent
manner (~5% per daily drink) and may confer a greater relative risk
of ILC compared with IDC [17].

Physical activity and healthy dietary patterns, such as diets rich in
plant-based foods and low in saturated fats, are associated with reduced
breast cancer risk, even though data specific to ILC are limited [18].

Hence, lifestyle modification represents a meaningful strategy for
both IDC and ILC.

Genetic landscape of lobular breast Carcinoma: Somatic and
germline alterations

ILC accounts for 10-15 % of invasive breast tumors and is histolog-
ically defined by a single-file infiltration pattern and discohesive
morphology, attributed to loss of E-cadherin [19]. E-cadherin, encoded
by the CDHI gene on chromosome 16922.1, is a transmembrane
glycoprotein essential for epithelial cell adhesion. The loss of E-cadherin
expression in ILC was first described in the early 1990 s [100,101], while
Berx et al. identified CDHI mutations as the underlying genetic cause
[102]. Loss of function disrupts adherens junctions, promoting tumor
progression through impaired cell-cell adhesion and increased motility.

Somatic alterations in ILC

In the majority of ILC cases, CDH1 is inactivated somatically via loss-
of-function mutations, often accompanied by loss of heterozygosity of
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the wild-type allele. Additional somatic mechanisms of CDH1 inactiva-
tion include homozygous deletions, intragenic deletions, deleterious
gene fusions, and non-coding alterations that impact gene expression
[89]. CDH1 gene promoter hypermethylation has also been proposed as
a mechanism of gene silencing, although its role remains controversial
due to conflicting evidence across studies [104]. Beyond CDH1, inacti-
vation of other genes involved in cell-cell adhesion — such as CTNNAI,
CTNND1, and AXIN2 - has been described in a subset of tumors, sup-
porting the concept of ILC as a convergent phenotype driven by
disruption of adhesion pathways [90,91].

Other somatic alterations commonly enriched in ILC involve the
PI3K signaling pathway (such as PIK3CA and PTEN), receptor tyrosine
kinases (ERBB2 and ERBB3), and transcription factors (such as TBX3,
FOXA1, and RUNX1) [92]. APOBEC-mediated mutagenesis has also been
reported to be enriched in ILC, suggesting a role in tumor evolution [93].

Germline predisposition to ILC

In contrast to these somatic events, germline CDH1 mutations are
associated with both ILC and hereditary diffuse gastric cancer (HDGC)
syndrome. In the stomach, these mutations lead to signet ring cell car-
cinoma (SRC), although the lifetime risk of clinically significant gastric
cancer varies. Initial estimates suggested high penetrance (up to 70 % in
men and 56 % in women) based on pedigree analyses [23], while more
recent population-based studies suggest lower gastric cancer risk,
particularly when excluding incidental T1a SRC lesions [20,21].

The recognition of HDGC syndrome followed the identification of
germline CDHI truncating mutations in Maori families with autosomal
dominant inheritance patterns [22]. Later studies expanded the muta-
tion spectrum to include over 100 distinct pathogenic variants [23].

Recent data also support the existence of a hereditary lobular breast
cancer (HLBC) syndrome. Corso et al. [24] described families with early-
onset or bilateral LBC in the absence of a gastric cancer history and
identified CDH1 variants specific to this phenotype. In a prospective
National Institutes of HealthNIH cohort, 44 individuals with CDH1
variants met HLBC criteria; among them, occult SRC lesions were found
in 34 % of those undergoing surveillance endoscopy, and occult
advanced gastric cancer was detected in one case [25]. Many HLBC-
associated CDH1 variants overlapped with those seen in HDGC syn-
drome, suggesting a shared genetic basis and supporting inclusion of ILC
in multigene panel testing.

While additional genes such as CTNNA1, PALB2, BRCA2, and ATM
have been implicated in some CDH1-negative families [23], CDHI re-
mains the gene most strongly linked to ILC predisposition, reinforcing
the need for refined genetic counseling criteria.

Biology and molecular histopathology

The classic variant (cILC) of ILC features small, uniform cells with
low to intermediate nuclear grade and low mitotic activity. Pleomorphic
ILC (pILC) shows larger, high-grade nuclei, while architectural variants
such as alveolar and solid patterns are frequently intermixed [26].
Mixed ductal-lobular carcinoma exhibits overlapping features with IDC
[27]. Recent spatial molecular profiling has shown that mixed IDC-ILC
tumors may harbor discordant intrinsic subtypes, oncogenic drivers, and
mutation profiles between their ductal and lobular components, sup-
porting true biological heterogeneity [110]. Notably, cILC and ILC
variants exhibit distinct genomic profiles. In pILC, there is an enrich-
ment in genetic alterations in ERBB2, ERBB3, TP53, NF1, and chromatin
remodelers such as ARID1A, ARID1B, and NCOR, while solid ILC harbors
a higher frequency of genetic alterations in ERBB2 and ARIDIA
[3,28,94,95,96].

Lobular carcinoma in situ (LCIS), a possible risk factor, coexists with
ILC in up to 98 % of cases and confers a significantly increased risk of
subsequent invasive disease [26], and it is categorized as a B3 lesion
(Iesion of uncertain malignant potential) in the B-categorization system
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used in core needle biopsy reporting. Surgical re-excision is not required
when imaging is negative for invasive cancer. However, in cases of florid
or pleomorphic LCIS at surgical margins, re-excision may be considered
due to their association with a higher risk of concurrent invasive disease
[105].

The hallmark molecular alteration in ILC is a loss-of-function mu-
tation in CDH1, which encodes the adhesion protein E-cadherin. How-
ever, approximately 5-10 % of ILCs retain aberrant E-cadherin
expression, and loss is not exclusive to ILC. Therefore, immunostaining
must be interpreted in conjunction with morphology and, when neces-
sary, ancillary markers or mutation testing [28]. Recent studies have
highlighted the diagnostic value of catenin immunostaining, particu-
larly aberrant p120-catenin localization, as a surrogate marker of E-
cadherin dysfunction in challenging cases [106]. Diagnostic misclassi-
fication remains frequent, particularly between high-grade ILC and
invasive carcinoma of no special type [2], Christgen et al. 2022.

Most ILCs are estrogen receptor-positive (ER + )/progesterone
receptor-positive (and fall into the luminal A intrinsic subtype. HER2
overexpression is uncommon (<15 %) but more frequent in pILC, and
triple-negative ILC is rare. With the advent of the HER2-low concept
(IHC 1 + or 2 + without amplification), a notable proportion of ILCs fall
within this group—a category that is gaining attention for its potential
predictive implications [29].

ILC is typically characterized by low immune infiltration. Tumor-
infiltrating lymphocytes are scarce, and their prognostic value in ILC
remains uncertain. Studies suggest ILC-specific mechanisms of immune
exclusion even within ER+/HER2- tumors [30].

The use of multigene assays (e.g., Oncotype DX, MammaPrint) in ILC
remains a topic of debate. Most ILCs score in low- or intermediate-risk
categories on Oncotype DX, despite clinical high-risk features. In
contrast, MammaPrint identifies a higher proportion of pILCs as high
risk, correlating with poorer outcomes in retrospective subanalyses
[31]. LobSig, a multigene signature developed to predict outcomes
specifically in ILC, has been proposed and is currently undergoing
further investigation [97]. Artificial intelligence (AI) has shown promise
in identifying ILC on histopathological images. One AI model using
histologic images as input showed robust performance in differentiating
ILC from IDC [98]. Another Al model, trained using a genomic ground
truth, accurately predicted CDHI1 bi-allelic inactivation and could
robustly diagnose ILC [89].

Diagnosis and imaging

ILC presents unique diagnostic challenges because of its infiltrative,
single-file growth pattern, absence of a desmoplastic response, and lack
of mass formation. Unlike IDC, ILC typically manifests as subtle archi-
tectural distortion or tissue asymmetry rather than a spiculated mass,
contributing to underestimation of tumor size and higher re-excision
rates [32].

Mammography and digital breast tomosynthesis

Mammography remains the cornerstone of breast cancer screening
but has limited sensitivity for ILC, especially in dense breast tissue. ILC
frequently lacks the classic mammographic hallmarks seen in IDC, such
as calcifications or distinct mass formation. Digital breast tomosynthesis
improves detection by reducing tissue overlap and enhancing visibility
of architectural distortions. However, both modalities may underesti-
mate multifocal or multicentric disease [33].

Ultrasound

Ultrasound is widely used to assess palpable lesions or mammo-
graphic abnormalities. ILC often appears as an ill-defined hypoechoic
area or region of architectural distortion. While useful for guiding biopsy
and evaluating lymph nodes, ultrasound tends to underestimate tumor
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size and fails to detect multifocal disease reliably [32].
MRI

MRI offers the highest sensitivity (up to 100 %) for ILC detection and
is superior in evaluating tumor extent, identifying contralateral lesions,
and guiding surgical planning. Emerging diagnostic innovations, such as
radiomics and Al-assisted MRI interpretation, are currently under
investigation to improve ILC detection and response assessment.
Particularly effective in dense breasts, MRI integrates morphological
and functional imaging. Although MRI may overestimate tumor size in
up to one-third of cases, its superior correlation with pathology makes it
the preferred modality for preoperative assessment [Mann et al. [34,35].

Contrast-Enhanced mammography

Contrast-enhanced mammography (CEM) combines digital
mammography with iodinated contrast to enhance vascularized lesions.
Sensitivity for ILC detection approaches that of MRI, and CEM often
correlates better with lesion size and margins. Compared with MRI, CEM
offers shorter acquisition times, improved patient comfort, and lower
cost, making it an attractive alternative for preoperative planning [35].

Al

Al is increasingly applied in breast imaging to improve lesion
detection, risk stratification, and workflow efficiency. In mammography
and digital breast tomosynthesis, Al enhances the detection of subtle
abnormalities and automates density classification. In MRI, Al can assist
in tumor segmentation and predict biological features relevant to
treatment response. These technologies may support more accurate ILC
diagnosis and personalized surgical planning [35].

Neoadjuvant treatment options

Neoadjuvant systemic therapy (NST) is standard for high-risk stage
II-III breast cancer and is essential for inoperable or locally advanced
disease [36]. NST facilitates tumor downstaging and provides an in vivo
assessment of treatment response, with pathological complete response
(pCR) serving as a surrogate for long-term outcomes [37]. Up to 50 % of
early-stage ILC cases present as stage II-III and may be eligible for NST
[38], yet ILC remains underrepresented in major trials.

For triple-negative breast cancer, the addition of immune checkpoint
inhibitors to chemotherapy improves both pCR and survival [39].
However, ILC-specific outcomes in these trials are unavailable.

In HER2-positive early breast cancer, dual anti-HER2 strategies have
demonstrated benefit in neoadjuvant settings [40,41], but histology-
specific data are lacking. Given the higher frequency of HER2 muta-
tions in ILC, a phase II trial (NCT05919108) is investigating the use of
neratinib in combination with endocrine therapy in HR+/HER2-mutant
ILC.

For HR+/HER2- disease — the predominant ILC subtype — pCR rates
are low (0-6 %), and NST primarily aims to increase breast conservation
rates. Compared with IDC, ILC has lower pCR and higher post-
neoadjuvant chemotherapy mastectomy rates, reflecting its hormone-
driven, low-proliferative biology [42]. Nevertheless, lobular histology
alone is not an independent predictor of poor prognosis [43].

Neoadjuvant endocrine therapy (NET) is an emerging option in
HR+/HER2- ILC. In a retrospective study of ~ 6,000 node-positive ILC
patients, NET was associated with similar survival but lower mastec-
tomy rates than neoadjuvant chemotherapy [45]. Dixon et al. reported
an 81 % success rate for breast-conserving surgery (BCS) after 3 months
of letrozole [44].

Targeted NET combinations are under investigation. The neo-
MONARCH trial showed significant Ki-67 suppression with abemaciclib
plus anastrozole [Hurvitz et al, 2020], and the PALLET trial
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demonstrated enhanced anti-proliferative effects with palbociclib plus
letrozole, although without an increase in clinical response [46].

Future strategies may rely on molecular profiling. Approximately 65
% of ILCs harbor CDHI mutations, and most have alterations in the PI3K
pathway, offering rationale for targeted therapies [3,47]. The phase II
ROSALINE trial (NCT04551495) is testing entrectinib plus endocrine
therapy in CDH1-deficient ILC [48].

Locoregional therapy
BCS versus mastectomy

BCS is oncologically equivalent to mastectomy in ILC when clear
margins are achieved [49]. However, ILC’s infiltrative growth and im-
aging underestimation contribute to higher rates of positive margins and
re-excision [50]. Despite this, successful BCS is achievable in the ma-
jority of cases with appropriate surgical planning [51].

Surgical adjuncts such as cavity shave margins and oncoplastic
techniques may reduce reoperation rates [52]. While oncoplastic pro-
cedures raise concerns regarding re-excision feasibility, emerging data
support their safety [53]. Radiotherapy (RT) is routinely indicated post-
BCS, although ILC remains underrepresented in trials assessing omission
strategies [54].

Surveillance strategies post-BCS may benefit from MRI in selected
patients, as mammography can miss interval recurrences because of
ILC’s subtle radiologic presentation [55].

Axillary management

Axillary management in ILC follows the same general principles as
IDC, although nodal disease is often underestimated due to ILC’s dis-
cohesive biology [32]. Studies suggest a higher axillary burden in ILC,
with > 4 positive nodes in ~ 30 % of cases [56].

Despite this, ACOSOG Z0011 criteria remain applicable, and studies
have shown no increase in recurrence when axillary lymph node
dissection is omitted in patients with one to two positive sentinel nodes
[57]. Recent trials, such as SENOMAC, INSEMA, and SOUND, further
support axillary lymph node dissection omission, even in patients with
larger tumors and mastectomy — though ILC-specific analyses remain
limited [58,59].

Due to ILC’s lower response to chemotherapy, NET may be preferred,
particularly in hormone receptor-positive disease [45]. High nodal
involvement in ILC may also make patients eligible for adjuvant CDK4/6
inhibitors; approximately 21 % of ILC patients meet the monarchE trial
criteria, suggesting potential benefit from abemaciclib [60].

Decision-making should be individualized, and nomogram-based
tools incorporating histological subtype may help guide axillary man-
agement [61].

RT

ILC’s diffuse infiltration and lower representation in randomized
trials complicate RT planning [10]. Although most ILCs are low-grade
and hormone receptor-positive, their unique biology is associated
with higher recurrence rates compared with luminal IDC [62].

Aggressive variants such as pILC exhibit worse outcomes and may
benefit from intensified RT strategies [63]. Post-mastectomy RT may be
warranted in ILC due to frequent T3/T4 tumors and nodal involvement
[Truong et al., 2013.

Partial breast irradiation is not routinely recommended because of
concerns about multifocality and limited supporting data [64]. MRI and
CEM may improve disease delineation and guide RT field design [65].

Accurate axillary staging is essential. Although sentinel lymph node
biopsy remains standard, ILC patients may face a higher risk of nodal
understaging. In AMAROS, ILC was associated with a higher recurrence
rate than IDC [66]. The SENOMAC trial supports sentinel lymph node
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biopsy-only strategies in ILC, but subgroup data are exploratory [67].

Current guidelines do not differentiate RT dose or boost schedules
based on histology [68,69]. However, future studies may clarify whether
ILC variants would benefit from tailored fractionation or RT volumes
[99].

Systemic therapy
Endocrine therapy

ILC is associated with a distinct chromatin landscape that may
contribute to tamoxifen resistance through FOXA1-driven persistent ER
binding [70]. In the metastatic setting, ESR1 mutations—particularly
ligand-binding domain alterations—are frequently observed and
contribute to acquired resistance to aromatase inhibitors in ER-positive
ILC, with potential implications for the use of selective estrogen receptor
degraders (SERDs) [107]. Emerging data have highlighted mechanisms
of endocrine resistance that may be specific to ILC, such as ESRI mu-
tations and epigenetic deregulation. These, along with its unique met-
astatic tropism, underscore the biological divergence of ILC from ductal
carcinoma. In the BIG 01-98 trial, letrozole showed greater benefit than
tamoxifen in ILC (HR 0.40), suggesting aromatase inhibitors should be
preferred [Metzger Filho et al., 2015]. However, a meta-analysis of BIG
01-98, TEAM, and ATAC found no significant interaction between his-
tology and endocrine agent efficacy [71].

Preoperative trials have yielded conflicting results: TBCRC 037
showed no difference in Ki-67 suppression between anastrozole and
tamoxifen, while PELOPS reported a greater Ki-67 reduction with
letrozole, particularly in ILC with high baseline Ki-67 [72].

A secondary analysis of the MA.27 trial suggested a survival trend
favoring anastrozole over exemestane in ILC, though not statistically
definitive [73].

ILC carries a higher risk of late recurrence and worse long-term
outcomes. In a large registry, 20-year disease-free survival was 72 %
for ILC versus 83 % for invasive carcinoma of no special type [74]. The
Breast Cancer Index identifies ILC patients at high risk of late recurrence,
who may benefit from extended endocrine therapy [75,76].

CDK4/6is improved invasive disease-free survival (IDFS) in high-risk
hormone receptor—positive disease. In monarchE, abemaciclib added to
endocrine therapy yielded a 7.6 % IDFS gain at 5 years [Rastogi et al.
[77]. The benefit was observed in luminal A tumors, which include most
ILCs [78]. In NATALEE, ribociclib provided a 2.3 % IDFS benefit at 3
years, with 17.7 % of participants having ILC [79]. The efficacy of
CDK4/6is appears consistent across histologies, including ILC [38].

Chemotherapy

The TAILORx and RxPONDER trials validated the prognostic value of
the Oncotype DX assay but did not report histology-specific outcomes
[80,81]. A national database study found that ILCs had lower mean
recurrence scores, yet patients with ILC and high Oncotype DX scores
derived a survival benefit from chemotherapy (94.5 % vs 89.9 % 5-year
overall survival with vs without chemotherapy) [82]. Despite this, ILC
patients are less frequently offered chemotherapy, even when genomi-
cally indicated [83].

In high nodal burden disease (N2/N3), anthracycline-containing
regimens were associated with improved disease-free survival in ILC,
suggesting histology and nodal status may inform chemotherapy selec-
tion [84].

Investigational therapies

ILC is enriched for targetable genomic alterations. ERBB2 mutations
occur in ~ 5 % of cases. A phase II trial (NCT05919108) is evaluating
neoadjuvant neratinib plus endocrine therapy in ER+/HER2 — ILC [85].

The loss of E-cadherin in ILC confers synthetic lethality to ROS1
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inhibition. PIK3CA, AKT1, and PTEN alterations are present in over 60 %
of ILCs. The NCT06607757 trial is evaluating neoadjuvant capivasertib
plus fulvestrant in ER+/HER2 — ILC, using Ki-67 suppression as a sur-
rogate endpoint. Together, these findings lay the groundwork for
emerging personalized therapeutic strategies in ILC, including genomi-
cally guided treatment selection and targeted combinations based on
tumor-specific vulnerabilities. These molecularly targeted strategies
represent a precision oncology approach to improve outcomes in ILC by
exploiting its distinct genomic landscape.

Conclusion and future perspectives

Despite increasing understanding of ILC biology, major gaps remain
in diagnostic accuracy, systemic treatment optimization, and trial rep-
resentation. Future research should prioritize histology-specific clinical
trials, better biomarkers of treatment response, and mechanistic studies
of ILC’s unique metastatic patterns. These priorities are summarized in
Box 1. ILC presents unique clinical and biological challenges that
distinguish it from other breast cancer subtypes. The loss of E-cadherin
drives its hallmark infiltrative growth and unusual metastatic tropism to
the peritoneum, gastrointestinal tract, and ovaries. These sites often
cause vague symptoms, complicating diagnosis and monitoring. Tradi-
tional imaging may underestimate disease burden, necessitating multi-
modal strategies such as MRI and nuclear imaging [86].

Frequent molecular alterations—including in PIK3CA, PTEN, AKT1,
and FGFRI—offer new therapeutic targets [86]. However, diffuse
growth patterns and low tumor cellularity limit the use of conventional
response criteria (e.g., RECIST), complicating treatment assessment.

ILC has been underrepresented in clinical trials, resulting in limited
histology-specific evidence. Future progress hinges on biomarker-driven
studies, refined tools for response monitoring (e.g., circulating tumor
cells), and deeper investigation into mechanisms of endocrine resistance
and site-specific metastasis [87].

Prospective trials tailored to ILC biology are needed. As under-
standing of ILC-specific pathways advances, precision medicine ap-
proaches may offer improved survival and better quality of life for
patients with this distinct breast cancer subtype (clinical implications
and take-home messages from this review are outlined in Box 2).

By integrating diverse disciplinary perspectives, this review provides
a consensus-based framework that highlights both established knowl-
edge and evolving concepts in ILC diagnosis and treatment.
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Box 1
Current Clinical Consensus.

¢ Histological and molecular identity: Invasive lobular carcinoma is defined by loss of E-cadherin expression (CDH1 inactivation), with
characteristic discohesive, single-file morphology. Most tumors are ER+/HER2- and exhibit luminal A phenotype.

e Imaging limitations: Mammography often underestimates tumor size; breast MRI or contrast-enhanced mammography is recommended,
especially in dense breast tissue or discordant clinical findings.

e Surgical approach: Breast-conserving surgery is feasible in many cases, provided clear margins are achieved. Oncoplastic techniques and
cavity shave margins are recommended to minimize the need for re-excision.

e Axillary management: Sentinel lymph node biopsy remains the standard approach in clinically node-negative patients; axillary lymph node
dissection is not routinely required in cases of limited sentinel lymph node involvement in early-stage disease.

e Endocrine therapy backbone: Given the high rate of hormone receptor positivity, endocrine therapy is the cornerstone in both early and
advanced disease. CDK4/6 inhibitors are effective in metastatic settings.

e Low chemosensitivity: Invasive lobular carcinoma responds poorly to neoadjuvant chemotherapy; response assessment based on patho-

logical complete response is less informative compared with invasive ductal carcinoma.

Box 2
Knowledge Gaps and Research Priorities.
needed to guide systemic therapy studies.

frequent discordance with clinical risk assessments.

imaging and volumetric or functional markers are needed.
ILC remain underexplored.
responsiveness to immune checkpoint inhibitors unclear.

strategies require better definition.
e ILC: Invasive lobular carcinoma.

¢ Histology-specific treatment trials: ILC remains underrepresented in prospective clinical trials. Dedicated ILC arms or stratified analyses are

e Optimal use of genomic assays: The predictive value of multigene signatures (e.g., Oncotype DX, MammaPrint) in ILC is uncertain due to

¢ Role of neoadjuvant endocrine therapy: Clear guidance is lacking on when and how to use neoadjuvant endocrine therapy in ILC. Trials
incorporating response markers (e.g., PEPI, Ki67 dynamics) are warranted.

e Response evaluation criteria: Standard RECIST criteria may underestimate response in ILC due to its infiltrative growth pattern. Alternative

o Targeted therapies: Although PIK3CA mutations, FGFR1 amplification, and HER2-low status are common, their therapeutic implications in

e Immunotherapy prospects: ILC typically exhibits low tumor-infiltrating lymphocyte density and low PD-L1 expression, making its potential

e Surveillance and late recurrence: Given ILC’s indolent course and late recurrences, optimal duration of endocrine therapy and follow-up
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