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Abstract

Lobular carcinoma represent the most common special histological subtype of breast cancer, with the majority classed as hormone receptor
positive. Rates of invasive lobular carcinoma in postmenopausal women have been seen to increase globally, while other hormone receptor—
positive breast cancers proportionally have not followed the same trend. This has been linked to exposure to exogenous ovarian hormones
such as hormone replacement therapy. Reproductive factors resulting in increased lifetime exposure to endogenous ovarian hormones have
also been linked to an increased risk of lobular breast cancer, and taken together, these data make a case for the role of ovarian hormones in
the genesis and progression of the disease. In this review, we summarize current understanding of the epidemiological associations
between ovarian hormones and lobular breast cancer and highlight mechanistic links that may underpin the etiology and biology.

Key Words: invasive lobular carcinoma, estrogen receptor, progesterone receptor, hormone replacement therapy, hormonal contraception, androgenic
progestins

Abbreviations: DCIS, ductal carcinoma in situ; ER+, estrogen receptor positive; HRT, hormone replacement therapy; IC-NST, invasive carcinoma of no special

type; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; LCIS, lobular carcinoma in situ; PR, progesterone receptor; RR, relative risk.

The majority of breast cancers (70-80%) are hormone recep-
tor positive (1-3), and ovarian hormone receptor signaling is
critical for the progression of the disease (4, 5). Over the
past 3 decades epidemiological data have implicated exposure
to exogenous sources of hormones, such as those from oral
contraceptives and hormone replacement therapy (HRT),
with an increased risk of estrogen receptor—positive (ER+)
breast cancer (6-8). This suggests a role for ovarian hormones
in the etiology of breast cancer, as well as driving its progres-
sion. However, there have been observations that this risk is
not equal for all ER+ breast cancers (9).

Lobular Breast Cancer Characteristics and Incidence

Most ER+ breast cancers have been classified histologically as
invasive ductal carcinoma (IDC), and recently reclassified by
the World Health Organization as invasive carcinoma of no
special type (IC-NST or NST). This was to remove confusion
on the histogenic origin and highlight the lack of any specific
differentiating features used to distinguish the other special
subtypes of breast cancer (10). Of the special histological sub-
types of breast cancer, lobular carcinoma is the most common,
accounting for 10% to 15% of all cases. Lobular carcinoma in
situ (LCIS) and primary invasive lobular carcinoma (ILC) are
most often classified as luminal A by molecular subtyping and

express both ER and progesterone receptor (PR) and are KI67
low and HER2 negative. Rarely triple negative lobular cases
occur, accounting for 1% to 1.5% of all triple negative breast
cancers (11-13).

Lobular carcinomas are primarily characterized by the dis-
tinctive single file infiltration of small, atypical tumor cells into
the surrounding stroma. The loss of E-cadherin, seen in ~90%
of ILC cases, is thought to underpin this characteristic growth
pattern (14, 15). On the molecular level, ILCs show specific
gene loss and mutational landscapes compared with
non-ILCs, including enrichment for mutations in tumor sup-
pressors and transcriptional regulators of ER (16, 17).
Mammography is notoriously less sensitive for ILC detection
than for non-ILC due to the diffuse growth patterns; conse-
quently, ILCs are more often diagnosed at a later stage
(11, 18). Distinct patterns of metastatic spread characterize
ILCs, with metastases frequently seen in the ovaries, gastro-
intestinal tract, and leptomeninges (19), and decreased rates
of metastasis to the liver and lungs compared with ER+ NST
(20). Clinically, ILC has a good prognosis and treatment is in-
formed by hormone receptor status, with the vast majority re-
sponding to endocrine therapy (21). However, a subset of
patients with ILC have been shown to respond less favorably
to certain endocrine therapies, implying intrinsic resistance
(21, 22). While survival rates are comparable between ILC
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and ER-positive NST initially, some studies have shown long-
term outcomes for ILC are worse (23, 24).

Given the increasing appreciation that ILC differs from oth-
er HR-positive breast cancers, exposure to exogenous sources
of hormones such as oral contraceptives and HRTs may there-
fore have specific implications in the genesis and progression
of the disease.

Evidence of this can be seen in the epidemiological data from
the United States that show a rise in the rate of lobular breast
cancer up until the early 2000s (1.52-fold), whereas rates for
NST have remained stable (1.03-fold) (25-29). During this pe-
riod, the prescription of HRT also increased; however, at the
turn of the century, following results from landmark studies
linking HRT to an increased risk of breast cancer, there was
a substantial drop in its use (30, 31). This was mirrored by
an 11.6% decrease in all cases of invasive breast cancer between
1999 and 2004, but the steepest decline was seen in ILC
(—4.6%) compared with —3.3% for IDC (29, 30). Several fac-
tors, such as changing diagnostic practices and detection of
early lesions, could conceivably contribute to this decrease in
invasive carcinomas; however, a growing body of evidence
points to a stronger link between exposure to exogenous hor-
mones in the form of HRT, and an increased risk of lobular car-
cinoma compared with nonlobular (8).

This review aims to explore the role of ovarian hormones in
the context of lobular breast cancer, with particular focus on
the risk associated with exposure to exogenous hormone sour-
ces. A comprehensive literature search of the PubMed data-
base was conducted using the keywords “invasive lobular
carcinoma,” “hormone replacement therapy,” “hormonal
contraception,” and “reproductive risk factors.”

Ovarian Hormones as a Risk Factor for Lobular
Breast Cancer

The ovarian hormones estrogen and progesterone orchestrate
postnatal growth and development of the breast, and as such
have been consistently implicated in breast carcinogenesis
(32-34). All cancers of the breast arise in the terminal ductal
lobular units (35), which lie located at the ends of the branch-
ing ducts in the breast. Like the subtending milk ducts, termin-
al ductal lobular units are lined with luminal epithelial cells, a
proportion of which express ovarian hormone receptors, sig-
naling through which stimulates changes in the breast (36).
Reproductive factors, including early onset of menarche,
shorter menstrual cycles, nulliparity, and late menopause, in-
crease exposure of the breast to endogenous hormones over
the course of a lifetime and are associated with increased
risk of breast cancer. Conversely, pregnancy before the age
of 30 and breast feeding, which reduce cumulative exposure,
are considered protective factors (32, 34) whereas pregnancies
after 30 are not and actually increase risk (37).

Although the cumulative exposure to ovarian hormones has
been implicated in the etiology of breast cancer, it remains dif-
ficult to assess the data regarding specific histological subtypes
due to differences in the use of the terminology, changes in ter-
minology, and different histopathological interpretations.
Discordance between pathologists has been reported, with
the inclusion of staining for E-cadherin improving the agree-
ment between pathologists on ILC vs non-ILC calls (38). As
referenced previously, the classification of breast cancers has
been updated to clarify that invasive carcinomas with no other
special features are termed NST. Many epidemiological
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studies in relation to ILC use IDC terminology, when in ac-
tuality they are referring to a group of HR-positive NST.

Reproductive Factors

The Million Women study showed that early onset of menarche
was associated with relative risk (RR) of 1.22 for lobular vs
1.02 for ER+ NST (referred to as ductal) in women with an
age at menarche <12. The trend for decreasing risk with in-
creasing age at menarche was observed to be most pronounced
for lobular carcinomas, while little difference was observed in
ductal and other special subtypes (39). This association was
corroborated in a meta-analysis of epidemiological studies link-
ing breast cancer and reproductive risk factors. RR of lobular
carcinoma was significantly increased compared with ductal
with every year younger at menarche and every year older at
menopause (32).

Other studies have validated that the interval between me-
narche and age at first birth is a risk factor for lobular carcin-
omas (40). Data from the Nurses’ Health Study in the United
States show that later age at first birth is associated with in-
creased risk for both histological subtypes, but risk is higher
for ILC than IDC (RR 1.63 vs 1.1) for an age at first birth be-
tween 25 and 29, and rising to (RR 2.31 vs 1.21) the 30-34 age
bracket (41). Further epidemiological evidence also highlights
age at first birth as risk factor for lobular carcinoma specific-
ally (39, 42-44). Interestingly, whereas nulliparity was associ-
ated with increased risk for lobular over ductal (42), the
protective effects of parity observed with other subtypes of
breast cancer was not observed for lobular carcinomas (45).

The patterns of risk associated with reproductive factors
and lobular breast cancer indicate that hormone exposures
may differentially impact individual histologic subtypes of
breast cancer. These differences cannot wholly be explained
by the differential expression of hormone receptors between
ILC and NST (46, 47), and persists even after restriction to
ER+ PR+ or luminal A tumors (41, 48).

Oral Contraceptives

Hormonal contraceptives comprise synthetic PR agonists—
progestins, either on their own (minipill) or combined with es-
trogens, mostly the more readily absorbable ethinyl estradiol
(49). Multiple meta-analyses and large epidemiological stud-
ies have confirmed that the use of oral contraceptives is asso-
ciated with a modest increase in the RR of breast cancer in
women, but subsides after cessation of use (6, 49-51).
However, other studies have found little or no association be-
tween oral contraceptive use of any kind and specific molecu-
lar subtypes or hormone receptor status (52-55).

Oral contraceptive use is more strongly associated with
ER+ breast cancer in young women, particularly high-dose es-
trogenic formulations (56). With regards to histologic varia-
tions, in a cohort of over 6000 women adjusted for other
reproductive factors current oral contraceptive use was asso-
ciated with increased risk of lobular but not ductal carcinomas
(odds ratio [OR] 2.6 vs 1.2), and decreased with time since last
use. However, data on the specific type of contraceptive were
not included and the population were on average middle-aged
(57). Interestingly, this association for current use was not
seen in an age-adjusted case—control study into reproductive
risk factors. However former oral contraceptive use was asso-
ciated with increased risk of lobular compared with ductal
cancer (OR 1.43 vs 0.96) (48). In contrast, in a study of
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premenopausal women no difference in RR of lobular or duc-
tal carcinoma and ever use oral contraceptive was seen (58).
Yet, in women over 65 years of age, use for over 5 years con-
ferred a greater increase in risk of lobular relative to ductal
breast cancer (59), suggesting that the risk of oral contracep-
tives may differ by age.

Risk has also been shown to be greater for certain formu-
lations of oral contraceptives containing synthetic progestins
(60, 61). In a UK case—control study, use of progestin-only
oral contraceptives and intrauterine devices had a modest
but significant effect on breast cancer risk (OR 1.26 and
OR 1.3), although the risk did not differ substantially be-
tween ER-negative/positive tumors (62). We have recently
shown that androgenic progestins such as levonorgestrel,
which are structurally similar to testosterone, promote cell
proliferation in xenografted human breast epithelia whereas
antiandrogenic progestins do not (63). While the clinical
relevance of preclinical studies needs to be carefully consid-
ered, a study from Finland where information from the phar-
macy records and the cancer registry can be linked supports
this notion. Exposure to levonorgestrel, released from
contraceptive IUDs, despite resulting in low systemic levels
of this androgenic progestin, increased the risk of breast can-
cer, and did so in particular for lobular subtype (OR 1.33 vs
1.2) (64).

The histological subtype of breast cancer may therefore be
influenced by hormones present in contraceptives, although
the many studies simply stratify use by previous, current or
never, which fails to account for different routes of adminis-
tration, dose, and regimens, all of which may differentially af-
fect breast cancer risk.

Hormone Replacement Therapy

HRT is used to relieve the symptoms of menopause resulting
from cessation of ovarian function and can comprise
estrogen-only or combined estrogen and progestin (65).

Some early studies regarding HRT and breast cancer noted
that the strongest risk was associated with invasive breast can-
cers with favorable prognoses (66-68). In 2000, a US study
found that women who had used combined estrogen and
progestin-containing HRT vs never users had a greater RR
of developing lobular carcinoma over ductal (69). Continuous
use of progestin-containing therapy for 3 or more years in-
creased the risk of ILC significantly (70, 71). Combined
HRT use (up to 15 years) increased RR for all subtypes but
most substantially for lobular, whereas extended use of
estrogen-only HRT did not.

However, as is often the case in epidemiological studies in-
volving ILC, the lower numbers of ILCs mean these studies are
under powered (72). A case—control study specifically de-
signed to interrogate the association between HRT and histo-
logical subtype that recruited equal numbers of both
histological subtypes and found current use of both formula-
tions of HRT were significantly associated with an increased
risk of ILC (73). However, significance was only reached
with 9 or more years of use for estrogen-only HRT whereas
3 years of combined HRT was sufficient to increase ILC risk.

Data gathered in the Nurses’ Health study in the United
States as well as 2 well-powered Scandinavian studies also
found that combined HRT had the greatest effect on lobular
breast cancer risk (41, 74, 75). These findings were reiterated

by The Million Women study, one of the only observational
studies of the requisite power to assess the RR of HRT (7,
9). Compared with never use, current use of HRT was associ-
ated with higher risk for lobular over ductal carcinoma (RR
2.25 vs 1.63). Similarly, the use of combination therapy con-
ferred a greater risk for lobular vs ductal (RR 2.80 vs 2.00)
and use for 10 or more years widened this gap (RR 3.52 vs
2.52)

These studies add weight to the conclusion that exposure to
estrogens alone does not account for the increase in the risk of
lobular cancer in women using HRT, and the addition of pro-
gestins has a more adverse impact on lobular breast cancer
risk specifically. In support of this, the use of combined
HRT was shown to be associated with increased risk of ER
+/PR+, but not ER+/PR— or ER—/PR— breast cancers (72).
The conclusion is further corroborated by a meta-analysis of
data collected from postmenopausal women that brings to-
gether the vast majority of current literature on HRT (8).
Analysis shows that current estrogen-only HRT use increased
the risk of lobular vs ductal carcinomas (RR 1.58 vs 1.25), but
that this difference was much greater for combined HRT (RR
2.72 vs 1.89). Furthermore, when stratified by receptor ex-
pression, the risk posed by use of estrogen-only HRT for
+10 years was only slightly higher for ER+ vs ER— tumors
(RR 1.61 vs 1.43), whereas for combined HRT it was substan-
tially greater for ER+ cases than ER- (RR 2.7 vs 1.43). The
addition of progestin therefore seems to have the most signifi-
cant effect on RR.

Considering the role of progestins, a case—control study
looking at risk by histological subtype found variability in
RR across combined HRT dosing regimens and formulations
(76). Higher risk was seen across subtypes for testosterone-
derived progestins than for continuously administered bioi-
dentical progesterone-derived progestins. Although the
authors concede this may be an artefact of dosing regimen
as opposed to potency. In France, a similar observation was
made, with no increase in risk posed by natural progestogenic
components of combined HRT, whereas synthetic progestins
increased the risk of lobular cancer more strongly compared
to ductal (77). It was also noted that androgenic testosterone-
derived progestogens increased risk to the greatest extent for
breast cancer overall.

There are several factors to consider when interpreting the
studies summarized in Table 1. While it may be intuitive to
compare lobular carcinomas with NST, there is a case to
call into question the usefulness of this comparison.
Considering the clinical management of ILC does not differ
to that of other breast cancers with the same hormone recep-
tor status, and both fall under the category of luminal A and
some B, it may be worth making comparisons between cancers
clustered by their molecular subtypes instead. Indeed, some
studies have taken this approach and observed current or
ever use of HRT makes no contribution to the risk of develop-
ing luminal A breast cancer above other subtypes (81, 82),
while others have reported that HRT use was specifically asso-
ciated with only luminal A cancers (80, 83).

Nonetheless, the studies summarized in Table 1 comparing
(13001) lobular vs (19 038) nonlobular breast cancers re-
present a not insignificant body of evidence demonstrating
that HRT use is associated with increased risk of lobular
breast cancer over nonlobular ER+ breast cancers.
Moreover, stimulation of the ER, PR, and potentially the
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Study Cohort (n) Findings

O’Connor et al, 1998 (68) 10 lobular, 41 ductal

Gapstur et al, 1999 (66)

The incidence of lobular BC was significantly higher in a cohort of women taking HRT than

in nonusers

101 invasive lobular, 1164 total There was no association with ever use of HRT and invasive ductal, lobular or DCIS. HRT

was not separated by estrogen or progestin containing

Schairer et al, 2000 (67) 104 lobular, 788 ductal

Use of EHRT and CHRT were both associated with significant increased risk in a ductal/

lobular combined cohort, as well as ductal alone. Lobular alone was not assessed

Li et al, 2000 (69) 58 lobular, 370 ductal

Using CHRT elevated the risk of lobular breast cancer but not ductal. EHRT use only slightly

increased risk for lobular.

Daling et al, 2002 (70) 263 lobular, 1386 ductal

EHRT was not associated with lobular or ductal BC risk, CHRT was associated with an

increased risk of lobular over ductal. Sequential use of progestin-containing (CHRT) was
associated with lower risk of lobular than continuous use

Beral et al, 2003 (7) 7140 invasive breast cancer

Risk of breast cancer (not separated by histologic subtype) was associated with current use of

HRT, and risk was higher with current use of CHRT than EHRT

Li et al, 2003 (78) 196 lobular, 656 ductal, 114

“other”

EHRT was not associated with increased risk of BC. Use of CHRT either current or ever was
associated with an increased risk of invasive BC, with the greatest risk for invasive lobular

BC. Long-term use was associated with the greatest risk

Lyytinen et al, 2006 (79) 53 lobular, 271 ductal

Use of oral or transdermal estradiol formulations for 5 years or more increased the risk of

lobular slightly over ductal

Rosenberg et al, 2006 (74) 308 lobular, 1888 ductal

Exclusive use of EHRT was significantly associated with increased risk of lobular, and, to a

lesser extent, ductal carcinomas. Risk associated with >5 years of CHRT were higher for
lobular BC, as was continuous use vs sequential. There were significant trends with duration

of use.

Reeves et al, 2006 (9) 1526 invasive lobular, 8007

ductal, 365 mixed
Phipps et al, 2008 (80) 1023 luminal

Flesch-Janys et al, 2008 670 invasive lobular, 2229
(76) ductal, 153 mixed.

Current use of both EHRT and CHRT was associated with increased risk of invasive lobular
and mixed lobular—ductal over ductal; however, the risk was higher for CHRT

CHRT associated with an increased risk of luminal breast cancer over HER2+ and TN disease

Ever use and current use, but not past use, were associated with an increased risk of invasive
lobular and mixed lobular-ductal cancer. CHRT was associated with the highest risk

compared with EHRT, as was continuous use compared with sequential.

Li et al, 2008 (40)
lobular, 524 ductal

324 lobular, 196 mixed ductal- Current CHRT use increased risk of lobular and mixed ductal-lobular breast cancer incidence
significantly over ductal. EHRT was associated with a decreased risk for ductal but not

lobular or mixed cases

Chlebowski et al, 2010 (81) 56 lobular, 676 in total

CHRT was associated with an increased in invasive breast cancer. There was no difference in

effect between ER+ and ER— tumors

Islam et al, 2012 (82)

Cordina-Duverger et al,
2013 (77)

Li et al, 2014 (73)

554 luminal (A + B)
125 lobular, 586 ductal

1027 lobular, 880 ductal

Low levels of HRT use in cohort, no association seen across subtypes

n < 15 for HRT use in lobular cases. CHRT with synthetic progestagens was more strongly
associated with increased risk of ER+ BC overall, and lobular over ductal carcinoma

In postmenopausal women short term or form use was not associated with risk of lobular or

ductal. Current long-term CHT (and to a lesser extent EHT) use was significantly
associated with increased risk of lobular BC

Suhrke et al, 2015 (75) 539 invasive lobular, 4058

nonlobular
Ellingjord-Dale et al, 2017 2985 luminal A
(83)

Mullooly et al, 2017 (84) 86 LCIS, 1448 DCIS

Use of CHRT for over a year was associated with increased risk of invasive lobular BC, and to a
lesser extent invasive nonlobular BC

CHRT was associated with increased risk of luminal A breast cancer, but not HER+ or TN.

Current use of was more strongly associated with an increased risk of LCIS compared with

DCIS. HRT was not separated by formulation

Timbres et al, 2023 (85) 338 LCIS, 3075 DCIS

Long-term use of HRT was associated with a greater risk of LCIS over DCIS. No difference

in risk with formulation was observed

Abbreviations: BC, breast cancer; CHRT, combined estrogen and progestin hormone replacement therapy; DCIS, ductal carcinoma in situ; ER, estrogen receptor;
EHRT, estrogen-only hormone replacement therapy; HRT, hormone replacement therapy.

androgen receptor by use of combined HRT containing an-
drogenic progestins has the greatest effect on risk of ILC. In
at least 2 studies, observations were made that compared
with ductal carcinoma in situ (DCIS) HRT was associated
with an increased risk of LCIS—an obligate precursor of
ILC (7, 85). This suggests that while stimulation of ovarian
hormone receptors by HRT may promote the progression of
ILC to a greater extent, the development of early lobular dis-
ease is also preferentially stimulated by HRT.

Mechanistic Links Between Ovarian Hormones
and Lobular Carcinoma

Hormone Receptor Biology

Differences in hormone receptor biology may provide mech-
anistic insights into why ovarian hormones exert the greatest
effect on ILC development and progression.

In vitro stimulation of ILC cells with 17B-estradiol in-
creased the half-life of the ER, whereas in IDC cell line
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stimulation of the ER had the opposite effect, inducing deg-
radation (86). Stimulation of the ER also induced a unique
gene expression signature not observed in non-ILC lines
(87). These ILC-specific differences in ER signaling were fur-
ther probed in patient datasets, whereby gene expression
and protein levels were less concordant in ILC samples vs
IDC, indicating a potential role for post-translational modifi-
cation of ER in ILC (86). Selective ER downregulation was
less effective in reducing 17p-estradiol-induced proliferation
in vitro in ILC compared with IDC cells. Indeed, selective
ER downregulation elicited partial agonistic activity in ILC
cell lines, potentially through a unique recruitment of ER cor-
egulators (86). However, because of the limited number of
models available, it is not clear whether differences are truly
subtype specific or related to interpatient heterogeneity.

The differential regulation of the ER in lobular carcinoma
was further underlined through the identification of MDC1
as an ILC-specific ER coregulator in ILC cell lines. MDC1
was not only required for ER-stimulated proliferation, but
an essential mediator of the ER transcriptome and was rarely
lost in lobular tumors vs IDC (88). Molecular profiling of pa-
tients with ILC and IDC also revealed several other distinct
patterns of genomic alterations (17, 89). Mutations in
GATAS3, a transcription factor that induces luminal differen-
tiation and controls ER expression, were observed less fre-
quently in ILC than IDC, suggesting that ILC cells may rely
on different mechanisms regulating ER signaling (17).
Conversely, mutations in FOXA1, a key transcriptional regu-
lator of ER activity that opens condensed chromatin to allow
ER to bind at specific sites, promoting ER-induced cell prolif-
eration, are more frequent in ILC than IDC. Furthermore, ILC
cell lines and tumors possess a distinct chromatin state en-
riched for FOXAT1 binding (90), preserving ER binding and
providing a mechanism for the increased frequency of tamoxi-
fen resistance observed clinically in ILCs (22). A critical medi-
ator of mammary gland development, WNT4, has also been
proposed as a driver of endocrine resistance in ILC. WNT4
was significantly upregulated in response to estrogen specific-
ally in ILC lines (87), and was shown to be directly under the
control of ER as is the mouse mammary epithelium (91).
WNT4 signaling was also necessary for estrogen-induced pro-
liferation, and in models of endocrine therapy-resistant ILC
was crucial to maintain cell growth (92).

In LCIS, E-cadherin loss is already observed in the majority
of cases (93), and while there is some evidence to suggest a role
for the ER in the suppression of E-cadherin (94, 95), it is not
considered the primary mechanism and does not explain why
hormonal exposure may drive ILC progression over ER+
NST. LCIS is also highly ER+ (~90-100%—summarized in
(96)), whereas only ~70% of DCIS cases are classified as ER
+ (97). The average age of women diagnosed with LCIS is re-
portedly also younger at ~50 (98, 99) compared with 57 for
DCIS (100). Given these differences, it is tempting to propose
a mechanism by which younger women who have developed
undiagnosed LCIS go on to start HRT, which promotes pro-
gression to invasive lobular disease. ILCs are also often diag-
nosed at a later stage, so the length of exposure to HRT may
be longer.

In a study of premenopausal women, the annual hazard rate
peaks for women with HR+ IDC after 5 years and then sub-
sides, whereas risk of recurrence remains elevated for ILC
over 10+ years. The overall differences in hazard rates are
small and no information was given regarding HRT use, but

this suggests lobular disease that develops in the premeno-
pausal setting is more likely to be hormone sensitive. As
such any addition stimulation by HRT upon commencement
of the menopause could further exacerbate already elevated
risk (101).

Examination of the role of the PR, an ER target gene (102),
may also provide insight regarding the development of lobular
disease. Phosphorylation of the progesterone receptor ex-
pressed on mammary stem cells is hypothesized to be a key
event in neoplastic luminal progression of ER+/PR+ breast
cancers (103). Moreover, phospho-PR and PR target genes
were significantly upregulated in ILC—indicating a potential
mechanism by which PR stimulation in the mammary stem
cell compartment may contribute to the development of
ILC. Progesterone is also known to induce mammary stem
cell population expansion (104) and proliferation in the non-
malignant human breast driven by paracrine mechanisms
(105, 106).

In xenograft models of ILC, both progesterone alone and to
a greater extent in combination with estradiol stimulated the
growth of tumor cells (107). While classic PR antagonists
have not been as efficacious as hoped, due in part to tox-
icity/reported adverse events (108, 109), given the apparent
role of PR signaling, new-generation selective PR modulators
may provide useful alternatives in ILC, especially given the
frequent resistance to selective ER modulators.

Effects of Hormone Signaling in the Breast Stroma

In postmenopausal women with high body mass index (BMI),
the majority of estrogen synthesis occurs in the adipose tissue.
This can mask the effects of HRT on breast cancer risk (ie, the
exogenous hormones have little effect in addition to the ele-
vated endogenous production) (110). However, data suggest
that the risk of ILC is elevated for HRT users independent
of BMI, as the correlation between increasing BMI and de-
creasing risk was observed only in ductal carcinomas (111).
Furthermore, although high BMI was not seen to be an inde-
pendent prognostic indicator in ILC, obesity was associated
with a higher tumor grade (112).

Alongside effects on epithelial and tumor cells, hormone
stimulation also affects the surrounding stroma. Breast dens-
ity as measured by mammography identifies fibroglandular
tissue within the breast, comprising epithelial cells, stromal
cells, and connective tissue. In analysis from the Women’s
Health Initiative, estrogen plus progestin increased mammo-
graphic density and subsequent breast cancer risk in postme-
nopausal women (113, 114), findings corroborated by
others (115).

Fibrillar collagen density correlates with mammographic
density (116, 117), and has also been shown to be regulated
by hormonal changes during reproductive cycles (118). This
may have particular implications for lobular disease as ILCs
are enriched for extracellular matrix interactions, and tumor
cells from ILC patient-derived xenografts display higher ex-
pression of matrix components such as collagens and elastin
at transcript level (119). This evidence demonstrates that ILC
cells contribute to the deposition of matrix, but may also prefer-
entially grow in a collagen dense environment. A hypothesis
supported by the finding that risk of progression from LCIS to
invasive disease increased with breast density (120).

Therefore, increased breast density driven by hormonal ex-
posure and characterized by increased collagen density may
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Figure 1. Factors associated with ILC genesis and progression. Reproductive factors that increase exposure of the breast to ovarian hormones, and
exogenous hormones sources—in particular estrogen and progestin-containing HRT—are associated with an increased risk of invasive lobular
carcinoma (ILC). Once established the characteristic features of ILC and unique hormone receptor biology may drive progression, underpinning the
differential response to hormone stimulation and ultimately endocrine therapy. Figure created with Biorender.

support the development of ILC, feasibly providing a link be-
tween HRT/oral contraceptives and increased risk of ILC.

Conclusions

The epidemiological evidence is increasingly strong for a
causal link between ovarian hormones and lobular breast can-
cer, particularly relating to HRT use. The risk associated with
HRT is higher than that associated with oral contraceptives,
indicating that exposure to exogenous hormones has the
most pronounced effect on risk in older women, suggesting
tumor-promoting effects. Mechanistically, differences in hor-
mone receptor biology may underpin specific events driven by
ovarian hormones that lead to the genesis of lobular carcin-
oma preferentially over other HR-positive breast cancers. It
can also be hypothesized that a feedback loop exists, whereby
lobular carcinomas respond differentially to hormone recep-
tor stimulation and stromal signals, and in turn regulate hor-
mone receptor signaling differentially, ultimately affecting
response to hormone therapies (Fig. 1).

What is most obvious, however, is that lobular biology is
distinct from that of other HR+ breast cancers, and a case
can be made that this needs to be considered in clinical man-
agement. Several clinical trials are now underway to explore
ILC-specific treatments that exploit its unique features, and
preclinically the development of representative ILC models

will allow a better understanding of the effects of hormones
on the progression of ILC (121).

Since HRT remains an essential tool for improving the qual-
ity of life for women, it should be noted that type and timing of
use are important factors to take into consideration, with the
majority of studies indicating that cessation of use returns risk
to baseline after 5 years (9). Raising awareness of the risks
associated with exogenous hormones, and in particular in-
creased screening in HRT users with a focus on the detection
of lobular disease should also be considered.
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