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Abstract

Invasive lobular carcinoma (ILC) is the second most common histopathological type of breast cancer (~10%) after
invasive ductal carcinoma of no special type (NST) (~80%). Compared with NST, ILC has distinguishing
clinicopathological and genomic features, and its responsiveness to systemic treatment differs. Despite such
differences, current diagnostic work-up and clinical management are similar.

The overall aim of this thesis was to contribute to the general understanding of the clinical value of different
prognostic factors and the characteristics of metastatic dissemination in ILC and to compare the results with those
seen in NST.

Paper I: In a retrospective cohort of patients with primary ILC (n=192, median follow-up [FU] time: 21 years), the
long-term prognostic effect of the proliferation marker Ki67 and Nottingham histological grade (NHG) were
analyzed alone and in combination with estrogen receptor (ER), tumor size (T), and axillary nodal status (N)—
known as the prognostic index (KiGE-TN). Ki67 and NHG were prognostic factors significantly associated with
breast cancer mortality (BCM). Further, KiGE-TN was able to identify a low-risk group of patients (37%) with an
excellent long-term prognosis.

Paper II: This study is based on an extended version of the cohort in paper |, including patients with exclusively
ER positive/HER2 negative ILC (n=224, median FU time: 26 years). The putative prognostic biomarkers, amplified
in breast cancer 1 (AIB1), androgen receptor (AR), and G protein-coupled estrogen receptor (GPER), all of which
are related to endocrine signaling pathways, were assessed. Validation gene expression (GEX) analysis of these
biomarkers was also performed using 3 independent publicly available ILC datasets. AIB1 was an independent
prognostic factor for BCM, a result that was strenghtened through GEX analysis.

Paper llI: This was a large, Swedish registry study in which patients with primary ILC (n=2921) and NST
(n=16,711) were included. Compared with patients with NST, patients with ILC were diagnosed with a higher
metastatic nodal burden and more often with a luminal A-like subtype. Among patients fulfilling the St. Gallen 2019
criteria for omission of completion axillary lymph node dissection (CALND) and compared with NST cases, patients
with ILC had an independently higher risk of non-sentinel lymph node metastases (SLNMs) and 2 4 axillary lymph
node metastases (ALNMs). Further, compared with patients with NST, luminal A-like subtype and = 4 ALNMs
were overrepresented in patients with ILC and 1-2 SNLMs (odds ratio 6.35, 95% confidence interval [CI] 4.18—
9.65). Omission cALND in this subset of patients warrants future attention, as it might affect important clinical
information for the guidance of adjuvant treatment.

Paper IV: In this study, patients with metastatic ILC (n=28) and NST (n=111) were included in an observational
trial. Distributional and prognostic characteristics of circulating tumor cells (CTCs) were explored. CTC count
(number/7.5 mL blood) was evaluated with serial sampling (CellSearch). At baseline, CTC counts were higher in
patients with ILC (median 70) than in NST (median 2) (P<0.001). The evidence for 25 CTCs as a prognostic
factor for progression-free survival in ILC was weak (hazard ratio [HR] 1.5, 95% CI 0.55—4.0) but strong with
higher cut-offs (CTC = 20: HR 3.0, 95% CI 1.3-6.8; CTC = 80: HR 3.6, 95% CI 1.5-8.8). Among patients with
NST, the prognostic effect of the CTC count was strong for all cut-offs (=5, 220 and 280). A decline in the CTC
count from baseline to 3 months was associated with improved prognosis in patienst with ILC and NST. Further,
the number of CTCs was higher in patients with metastatic ILC than in patients with NST, implying that a higher
CTC cut-off could be considered for ILC when applying the CellSearch technique.

In conclusion, the results from the studies included in this thesis confirm that lobular breast cancer is a
histopathological type associated with a variety of unique clinicopathological features and that such features need
to be considered during the multidisciplinary discussion of diagnostic and treatment decision-making.

Key words: lobular breast cancer, invasive lobular carcinoma, invasive ductal carcinoma of no special type,
prognostic factors, circulating tumor cells, axillary lymph node metastasis
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Populérvetenskaplig sammanfattning

Brostcancer (BC) ar den i sirklass vanligaste cancerformen hos kvinnor. Varje ar
drabbas over hela virlden drygt 2 miljoner kvinnor (och ett fatal mén) av
sjukdomen, varav ungefir 8000 &4r frdn Sverige. Trots betydande
behandlingsframsteg under de senaste artiondena, sa dr antalet BC relaterade
dodsfall globalt fortfarande drygt 600,000 per ar och i Sverige drygt 1400. Aktuell
Overlevnadsstatistik visar att av alla 1 védstvirlden som drabbats av BC, lever
omkring 90% 5 ér efter diagnosen och efter 10 ar drygt 80%.

BC indelas vanligen utifran tumorcellens ursprung (dven kallat histopatologisk typ).
Den helt dominerande typen dr den duktala, som uppstar i brostets géngsystem
(duktus = gang) och star for omkring 80% av all BC. Den nést vanligaste, men
betydligt mer sillsynta typen &r den lobuldra, som uppstir i brostets
mjdlkproducerande lober (lobulus = lob) och stir for omkring 10%. Ovriga
histopatologiska typer utgdrs av ett flertal mer ovanliga varianter innefattande bland
annat: medullér-, tubulér-, papilldr- och mucinés BC.

Aven om lobulir BC ir relativt ovanlig jimfort med duktal BC s ér det fortfarande
en vanlig cancerform som drabbar ett stort antal kvinnor. Enligt aktuell statistik fran
American Cancer Society sé ér lobuldr BC den 6:e vanligaste typen av cancer i USA
med néstan 40,000 nya fall per ér, vilket &r fler 4n bade antalet insjuknande i lymfom
respektive malignt melanom. Omkring 450,000 nu levande kvinnor i USA berdknas
ha eller ha haft en lobuldr BC.

For varje patient med nydiagnostiserad BC gors en bedomning av olika
tumorfaktorer med betydelse for prognos. Dessa prognostiska faktorer dr histologisk
grad (forenklat en bedomning i mikroskopet av hur avvikande cancercellerna ser ut
och hur avvikande cancern vixer i forhallande till normala celler av samma
ursprung), ER  (6strogenreceptor), PR  (progesteronreceptor), Ki67
(delningshastighet), HER2 (tillvaxtfaktorreceptor), tumorstorlek (T) och
lymfkortelspridning till armhéalan (N). Dessutom ger ER och HER2 dven viktig
information for val av behandling (behandlingsprediktiva).

Tester ddr man delar in BC i olika si kallade molekyldra subtyper baserat pa
tumorcellernas genuttrycksprofil, blir mer och mer vanliga i kliniken och kan i
utvalda fall ge viktig prognostisk och behandlingsprediktiv tilliggsinformation.

Lobuldr BC har manga sérskiljande drag jamfort med duktal BC. Det mest
karaktéristiska &r en genmutation som gor att vidhéftningsproteinet E-cadherin
antingen inte fungerar eller helt saknas hos cancercellerna. Motsvarande defekt ses
néstan aldrig hos duktal BC. Forlusten av E-cadherin bidrar till ett speciellt lobulért
véxtsitt och atypiskt spridningsmonster. Istdllet for att bilda avgransbara tumorer sa
vixer lobuldr BC ofta diffust med tumorcellerna arrangerade i enkla rader (sa
kallade ’single-files””) som gdommer sig i normal vévnad utan att invadera och
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forstora den. Detta medfor att tumoren ofta inte gar att kinna i brostet och den kan
ocksa vara svar att upptdcka med mammografi och/eller ultraljudsundersokning.
Nér lobuldr BC sprider sig till andra organ via lymfsystemet eller blodbanan
(fjarrmetastasering) dr skelettet den i sérklass vanligaste lokalen. Dessutom
forkommer spridning till mer ovanliga lokaler i en betydligt hogre omfattning &n
vad man ser hos duktal BC. Exempel pa dessa dr bukhinna, magséck, tunntarm,
hjdrnhinna, dggstock, och mer séllsynt dven till urinblasa, 6gonhéla, binjure och

hypofys.

Andra typiska drag hos lobuldr BC dr att den oftast & ER och PR positiv och
histologiskt grad 2, har lagt Ki67 och saknar HER2.

Prognosen for lobulir jaimfort med duktal BC verkar totalt sett vara likvardig, men
studier visar pa en trend dir prognosen ar nagot béttre for patienter med lobuldr BC
de 5 forsta aren efter diagnos, for att sedan gradvis forsdmras, och efter 10 ar har
overlevnadskurvorna skurit varandra och prognosen ser samre ut for lobulér BC, pa
grund av en Overrepresentation av sena aterfall.

Nar det géller behandling visar studier att lobuldar BC generellt sett har en god effekt
av endokrin behandling (antihormonbehandling vid ER positiv BC) medan effekten
av cytostatika anses tveksam i de flesta fall.

De studier som ligger till grund for dagens behandlingsrekommendationer for BC
bygger ndstan uteslutande pé patientmaterial dér blandade histopatologiska
brostcancertyper inkluderats (och dér duktal bréstcancer pa grund av sin vanlighet
kraftigt dominerar). Siledes ar behandlingsprincipernas giltighet for lobuldar BC
samre underbyggda och mindre utvirderade jamf{ort med duktal BC.

Lobuldr BC ar en understuderad och lite bortglomd typ i forhallande till duktal BC.
Tillgdngliga studier som specifikt inriktar sig p& lobuldr BC é&r relativt fa och
storleksmassigt ofta sma.

Samtliga delar i den hér avhandlingen handlar om lobulér BC, antingen som ensamt
studieobjekt eller i direkt jamforelse med duktal BC. Det dvergripande syftet har
varit att ta reda pd hur olika prognostiska faktorer (bade etablerade och
experimentella) fungerar i lobulédr brostcancer och hur dessa kan anvindas pa ett
optimalt sétt i kliniken. Vidare har olika spridningsvégar kartlagts, med fokus pa
lymfkortelspridning till armhalan och forekomst av cirkulerande tumorceller i
blodbanan och jamforelse av dessa spridningssétt har gjorts mellan lobulér
respektive duktal BC.

Studie I Resultaten visar att bade bedomning av Ki67 och histologisk grad ger
vardefull prognostisk information badde pa kort och lang sikt hos patienter med
lobulédr BC. Studien visade ocksé att en kombination av olika prognostiska faktorer
(Ki67, histologisk grad, ER, T och N) har en starkare prognostisk effekt tillsammans
dn var och en for sig, och kan skilja ut en grupp lagriskpatienter med extremt god
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prognos (37% av alla patienter) dér tilliggsbehandling efter operation med
cytostatika kan undvikas och endokrin behandling troligen begrinsas.

Studie II: Hiar studerades de experimentella biomarkorerna: amplified in breast
cancer 1 (AIB1), androgen receptor (AR) och G protein-coupled estrogen receptor
(GPER). Dessa hormonellt kopplade biomarkorer har uppvisat lovande prognostisk
effekt i nagra tidigare brostcancerstudier men deras specifika prognostiska vérde i
lobulédr BC é&r oklart. Resultaten visade att AIB1 har ett prognostiskt vérde i lobulér
BC, dir hogt AIB1 dr sammankopplat med en délig prognos. Ovriga faktorer
uppvisade inget tydligt prognostiskt vérde i lobuldr BC.

Studie I1I: Spridning av cancer till lymfkortlar (lymfkortelmetastaser) i armhalan &r
en av de starkaste prognostiska faktorerna i BC. Hos patienter med BC dér 6vriga
prognostiska faktorer dr gynnsamma, vilket ofta dr fallet vid lobuldr BC, ar
information om forekomst av lymfkortelspridning en avgorande faktor for beslut
om tilliggsbehandling efter operation, och enligt dagens behandlingsriktlinjer
rekommenderas cytostatikabehandling till patienter med 4 eller fler
lymfkortelmetastaser. Idag gors i samband med brostoperationen ocksa ett mindre
kirurgiskt ingrepp i armhélan, en undersokning av de lymfkdrtlar dit cancern
bedoms kunna sprida sig forst. Dessa s& kallade portvaktslymfkortlar (sentinel
nodes) identifieras och plockas ut for vidare undersékning. Om det finns 1 till 2
metastaser 1 de undersokta portvaktskortlarna behdvs enligt aktuella
behandlingsriktlinjer i de allra flesta fall ingen ytterligare operation (s& kallad
lymfkortelutrymning). Studier har ndmligen visat att det inte finns nagon skillnad i
aterfallsrisk eller 6verlevnad mellan patienter som genomgétt lymfkdrtelutrymning
jdmfort med de som inte opererades. Vinsten med att inte operera ar att risken for
nedsatt funktion och svullnad i armen minskar. Antalet patienter med lobuldr BC i
dessa studier var dock mycket begrinsat.

I denna studie undersoktes skillnader i risk att det skall finnas ytterligare metastaser
i ovriga kvarvarande lymfkortlar, mellan lobuldr och duktal BC med 1 till 2
metastaser i portvaktskortlarna. Dessutom undersoktes skillnader i forekomst av
totalt 4 eller fler lymfkortelmetastaser i armhélan men for Gvrigt gynnsamma
prognosfaktorer hos patienter med lobuldr och duktal BC. Resultaten visade att
risken for ytterligare metastaser i kvarvarande lymfkortlar ar tydligt hogre 1 lobuldr
jamfort med duktal BC. Andelen patienter med gynnsamma prognostiska faktorer
och 4 eller fler lymfkortelmetastaser var ocksé overrepresenterade i lobulidr BC
jamfort med duktal BC, vilket i praktiken innebér att i ungefar 1 av 6 (17%) lobuléra
och i1 av 25 (4%) duktala BC riskerar man att pa grund av bristande information
om det totala antalet lymfkortelmetastaser i armhélan missa att rekommendera
tilliggsbehandling med cytostatika, vilket skulle kunna ha en negativ inverkan pa
prognosen hos dessa patienter.

Studie 1V: Med en speciell teknik (CellSearch) kan man analysera forekomst av
cirkulerande tumérceller (CTC) i blodet vid metastaserad BC (BC som spridit sig
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frén brostet till andra organ). Férekomst av CTC i metastaserad BC har visat sig
vara sammankopplat med en sdmre prognos, sirskilt om antalet CTC ar 5 eller fler
mitt i 7.5 ml blod. Forekomsten av CTC och dess prognostiska betydelse i
metastaserad lobuldr BC adr mycket sparsamt undersokt. Denna studie visar att
forkomsten av CTC i metastaserad lobuldr BC (medianvirde 70) dr mycket hogre
an 1 metastaserad duktal BC (medianviarde 2). Det prognostiska virdet av den
normalt rekommenderade brytpunkten >5 CTC var svagt i metastaserad lobuldr BC,
men om en hdgre brytpunkt pa >20 eller >80 anvindes istéllet s& stirktes den
prognostiska betydelsen avsevért, talande for att en hogre CTC brytpunkt dr mer
optimal 1 metastaserad lobuldr BC nér man anvénder CellSearch tekniken.

Sammanfattningsvis bekriftar resultaten i denna avhandling att lobuldr BC pa ett
flertal punkter skiljer sig at frin den duktala, och dven andra delvis nya skillnader
avseende lymfkortelspridning och cirkulerande tumdrceller har pavisats. Dagens
behandlingsriktlinjer gor trots dessa skillnader, och pa relativt l16sa grunder, mycket
liten skillnad mellan lobulér och duktal BC. Fortsatta och fler storre studier behdvs
for att forbattra diagnostik, behandling och prognos for patienter med lobuliar BC.
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Abbreviations

AlBI
ALN
ALND
ALNM
AR
Bcel2
BCM
BCT
BL
cALND
CA15-3
CI
CNB
CTC
ctDNA
CT
DFS
DTC
ECE
ER

ET
FNA
FU
GPER
HER2
HRT
HR
IDC

amplified in breast cancer 1

axillary lymph node

axillary lymph node dissection
axillary lymph node metastasis
androgen receptor

B-cell lymphoma 2

breast cancer mortality

breast conserving therapy

base line

completion axillary lymph node dissection
cancer antigen 15-3

confidence interval

core needle biopsy

circulating tumor cell

circulating tumor DNA
chemotherapy

disease-free survival

disseminated tumor cell
extracapsular extension

estrogen receptor

endocrine therapy

fine needle aspiration

follow-up

G protein-coupled estrogen receptor
human epidermal growth factor receptor 2
hormone replacement treatment
hazard ratio

invasive ductal carcinoma
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IHC immunohistochemistry

ILC invasive lobular carcinoma

IQR interquartile range

ITC isolated tumor cells

Ki67 proliferation marker

KiGE Prognostic index including Ki67, NHG and ER

KiGE-TN Prognostic index including Ki67, NHG, ER, T and N
KVAST Swedish Quality Document for Pathology

LN lymph node

MBC metastatic breast cancer

MRI magnetic resonance imaging

NHG Nottingham histological grade

NKBC National Quality Breast Cancer Register
NST invasive ductal carcinoma of no special type (also referred to as IDC)
N nodal status

OS overall survival

pCR pathological complete remission

PD-L1 programmed death-ligand 1

PD-1 programmed cell death-1

PFS progression-free survival

PI3K Phosphoinositide 3-kinase

PLC pleomorphic invasive lobular carcinoma
PR progesterone receptor

RECIST response evaluation criteria in solid tumors

REMARK  reporting recommendations for tumor marker prognostic studies

RCT randomized controlled trial
RS recurrence score

RT radiotherapy

SLN sentinel lymph node
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SLNM
STROBE
TDLU
TILs
T™MA

T

sentinel lymph node metastasis

strengthening the reporting of observational studies in Epidemiology

terminal duct lobular unit
tumor infiltrating lymphocytes
tissue microarray

tumor size
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Study

Question

Patients and Methods

Figure

Results

Are Ki67 and Nottingham
histological Grade (NHG)
long-term prognostic

factors in invasive lobular

Biomarkers were analyzed
with
immunohistochemistry
(IHC) in tumors from 192

KiGE-TN

Ki67 and NHG have long-
term prognostic value in
ILC and patients low-risk
KiGE score and <20mm

carcinoma (ILC), and does |patients with ILC. The 1 node negative ILC had an
I the addition of Estrogen  |median follow-up (FU) : excellent long-term
receptor (ER) in a time was 21 years, and the prognosis.
prognostic index (KiGE), |primary endpoint was
together with Tumor size |breast cancer mortality
and Nodal status, identify [(BCM). Breast cancer mortality by KIGE-TN
high vs. low risk patients?
Do endocrine related Putative prognostic AIBI is a putative
biomarkers (amplified in  |biomarkers were analyzed AB1 prognostic biomarker in
breast cancer 1 [AIB1], with IHC in tumors from patients with luminal-like
androgen receptor [AR] 224 patients with ILC. The ILC, whereas no evident
and G protein-coupled median FU time was 26 prognostic effect was seen
estrogen receptor [GPER]) |years, and the primary for AR and GPER. The
I . - .
have prognostic value in ~ |endpoint was BCM. .+ % % » = |aboveresults were
luminal-like (ER+/HER2-) |Validation analysis for A . o7, |strengthened through GEX
ILC? these biomarkers was - 5 ' . “ " 7 |analysis.
N . reast cancer mortality by AIB1
performed using 3 publicly
available gene expression
(GEX) datasets.
Is the metastatic nodal In this large registry study, The risk of non-SLNMs
burden different in patients |patients with ILC and NST Flow chart of the study cohort and >4 ALNMs was higher
with ILC compared with  |were included. Those with in ILC than in NST.
invasive ductal carcinoma |1 to 2 sentinel lymph node Total cohort Patients with a luminal A-
of no special type (NST), |metastases (SLNMs) like subtype and >4
and does nodal staging fulfilling the St. Gallen ] ALNMs were
information from 2019 criteria for omission overrepresented in ILC
I comp1§ti0n z?xillary lymph |of cALND were further - compargd with those in
node dissection (;ALND) |analyzed regarding NST patients (17% vs.
have an impact on surrogate molecular 3%). Thus, omission of
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decision-making? non-SLNMs and axillary warrants futute attention as
lymph node metastases it may affect information
(ALNM). which is important for the
guidance of adjuvant
treatment.
Is there a difference in The CTC count was CTC counts were higher in
distributions and evaluated with serial PFS by CTC count ILC than in NST cases
prognostic utility of sampling (CellSearch) in (median 70 vs. 2). The
circulating tumor cells 28 patients with metastatic evidence for > 5
(CTCs) in metastatic ILC |[ILC and 111 patients with CTCs/7.5ml blood as a
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endpoint was progression-
free survival (PFS).

weak in ILC, but strong

. |with higher cut-offs (= 20

and > 80), implying that a
higher cut-off could be
considered for patients
with ILC.
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Introduction

Breast cancer

General background

Breast cancer (BC) is the most common of all malignancies in women. In 2018, 2.1
million new cases were diagnosed worldwide ' and the corresponding figure in
Sweden was just over 7,800 *. BC represents ~30% of all female cancers and about
1 in 8 (~12%) of all women will develop BC over the course of their lifetime. The
BC incidence has increased over the last decades, and this trend is likely to continue
2, but due to earlier detection and better treatment options, the survival rates have
also improved. In developed countries, the current 5- and 10-year survival rates are
approximately 90% and 80%, respectively *°. Nonetheless, at certain time 20%—
30% of all BCs present as metastatic breast cancer (MBC) with dissemination to
distant organs. MBC is a chronic and often fatal disease, resulting in a global BC-
related death rate exceeding 600,000 among women annually *® (in Sweden
~1,4007).

Historically, BC classification is commonly based on the histological appearance of
the tumor. The vast majority of BCs arise in the same segment of the breast; the
terminal duct lobular unit (TDLU), where the tumor cells originate either from the
milk ducts or the milk producing lobules.

Invasive ductal breast cancer of no special type (NST) is the dominant
histopathological type, comprising 80-85% of all BC in the Western world ’. The
second most common type, although a minor one in relation to NST, is invasive
lobular carcinoma (ILC), comprising 10-15% of all BC 7. Other less common
histopathological types include: medullary-, tubular-, papillary- and mucinous
breast cancer .

Different prognostic factors in BC are well-established. The most important
clinically validated are: estrogen receptor (ER) and progesterone receptor (PR),
human epidermal growth factor receptor 2 (HER2), proliferation marker Ki67,
Nottingham histological grade (NHG), tumor size (T), axillary nodal status (N), and
age. The combination of these factors into prognostic indices has been shown to
result in a stronger prognostic assessment than separate analyses of each factor %2,
In addition, ER and HER2 each provide treatment predictive information.
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At the present time, molecular (also referred to as intrinsic) subtyping, based on
gene sequencing is another type of BC classification that is increasingly used in the
clinic for prognostication and treatment prediction. These tests have become
available in many Western countries, but the cost is still high *. A complementary
much less expensive surrogate definition of the molecular subtypes, based on
immunohistochemical (IHC) analyses of tumor markers (e.g. ER, PR, HER2,
proliferation marker Ki67) and Nottingham histological grade (NHG) has been
developed '*. Surrogate molecular subtyping together with tumor size, axillary
lymph node status and age has become widely utilized for prognostication and
treatment prediction in the clinic.

Furthermore, several freely available decision-making tools (e.g. PREDICT breast
cancer, Nottingham Prognostic Index [NPI] and CancerMath) exist to help predict
recurrence risk and potential benefit from systemic treatments '*'>

Adipose tissue

Fatty connective tissue

Histological subtypes

Rib
Muscle

Intercostal muscle -~

Luminal -3
epithelial \

cell

( Preinvasive

Ductal carcinoma in situ (DCIS)

* Spreads through ducts and
distorts ductal architecture:
can progress to invasive
cancer; unilateral

Lobular carcinoma in situ (LCIS)

* Does not distort ductal
architecture; can be

Invasive

Ductal carcinoma no special

type (NST)

* Develops from DCIS; fibrous
response to produce a mass;
metastasizes via lymphatics
and blood

Lobular carcinoma (ILC)

* Isolated tumor cells (COH1

Nipple bilateral mutations) minimal fibrous
~ * Risk factor rather than response; metastasizes
Collecting duct Basal f 1k
precursor preferentially via viscera
Areola myoepithelial cell
Basal-like Claudin- HER2-enriched B Luminal B Luminal A
TP53 low HERZ amplification: PI3KCA mutations (40%): ESR1 Activation of ERS1,
mutations; Largely GRB7 amplification; mutations (30-40%)"; ERBB2 and GATA3, FOXA1, XBP1;
genetic triple PIK3CA mutations; ERBB3 mutations; NST. micropapil lary NST, tubular cribriform
Intrinsic | instability negative; TOPO2 and/or MYC and atypical lobular histology and classic lobular
subtypes | BRCA metaplastic | amplification; NST, histology
(PAMS50) | mutations; s /| pleiomorphic lobular \
medullary-like and micropapillary
histology histology
poorly
differentiatied Normal-like*
Triple-negative HER2-enriched Luminal B-like HER2+ Luminal B-like HER2- Luminal A-like
ER-, PR-, HER2—; high (non-luminal) ER+ but lower ER ER+ but ER and PR Strongly ER+ and PR+;
grade: high Ki67 index: ER-, PR-.HER2 +; and PR expression expression lower than HER2-; low proliferation
N NST histology: special high grade; high Ki67 | than luminal Arlike: in luminal A-like: HER2—; rates: typically low
I:;?'gr:: type histology index; NST histology: | HER2+; higher grade; higher grade: high Ki67 grade; low Ki67 index:
subtypes (metaplastic, adenoid aggressive disease high Ki67 index: NST index; high-risk GES; low-risk GES; NST,

cystic, medullary like
and secretory); poor

but responds to
targeted therapies:

and pleiomorphic;
responds to targeted

NST, micropapillary and
lobular pleiomorphic

tubular cribriform
and classic lobular

prognosis except for intermediate therapies; intermediate histology: intermediate histology: good
some special types prognosis prognosis prognosis prognosis
10-15% 13-15% 10-20% 60-70%
Proliferation
High grade
Basal-like genes ER expression
HER2 expression Low grade

Figure 1. Breast Cancer Overview. Reprinted with permission from Springer Nature: Nature Reviews Disease
Primers, Harbeck et al. 2019. 2ESR1 mutations induced by aromatase inhibitor targeted therapy. PArtefact; expression
of normal breast components due to low tumor cellularity.
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In recent decades, modern BC care has considerably progressed, but unmet needs
still remain. Research focusing on new prognostic and monitoring factors, as well
as improving those used today, and a better understanding of the complex
mechanisms behind the metastatic process and routes of metastasis, is important to
further optimize clinical strategies and treatments.
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“In a nutshell, the lobular breast cancer is freaky, it is sneaky, it breaks a lot
of common rules, and it is not on people’s radar” —Anonymous lobular breast
cancer survivor at the LBCA tweet #lobmob
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Lobular breast cancer

General background

The first known illustrations of invasive lobular cancer, based on its microscopic
appearance, were done in 1908 by Victor Cornil, and at that time this type of breast
cancer was described as “acinar or scirrhous spheroidal cell carcinoma” '"'®, The
term “lobular” was first coined by Foote and Stewart, who defined the non-invasive
variant as “lobular carcinoma in situ” (LCIS) in 1941 ' and subsequently its
invasive counterpart as “invasive lobular carcinoma” (ILC) in 1946 %°. Since then,
further subclassification into different histopathological ILC subtypes has been
developed 23!,

Compared to NST, ILC has unique clinicopathological and genomic features, and it
responds differentially to systemic treatment 27***3¢ (Figure 2 A-B).

Among all these features, the most quintessential, and often referred to as the
hallmark of ILC, is the loss of the adhesion molecule E-cadherin.

In several studies that compared patients with ILC and NST, the long-term overall
prognosis seemed to be the same, although time dependent prognostic trend with a
better 5-year survival rate and a tendency towards higher incidence of late
recurrences (>10 years of follow-up [FU]) has been seen in ILC *****7. However,
the results were not unanimous; in a study by Colleoni et al. who compared survival
outcomes between luminal-like (ER+/HER2-) ILC and NST, patients with ILC had
a significantly worse survival outcome with 5 years of FU .

Although ILC is a relatively rare form of BC, compared to NST, it is still a very
common condition, affecting a large population of women. According to the
American Cancer Society, ILC is the 6" most common histopathological type of
female cancer in the United States (U.S.), with a higher incidence than lymphoma
and melanoma (Figure 3). Nearly 40,000 new cases of ILC are diagnosed annually,
and approximately 450,000 women are living with a previous or current ILC
diagnosis *’.
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Figure 2. Microscopic pictures of (A) classic invasive lobular carcinoma (ILC) and (B) invasive ductal carcinoma of no
special type (NST), displaying the distinct histopathological differences between the two types.
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Figure 3. Incidences of female cancers in U.S. 2018. Reprinted with permission from Fred Hutch News Service.

In the BC research community as a whole, ILC specific research is a neglected area,
and patients with ILC belong to an understudied subgroup. Most BC studies are
conducted on patient populations with mixed histopathological BC types, where the
vast majority of cases have NST. Studies exclusively exploring ILC and/or
comparing ILC vs. NST (and other types) are sparse and the sample sizes are usually
small. Moreover, results from subgroup analyses of ILC in randomized controlled
trials (RCTs) of mixed BC are seldom reported.

Additionally, in the era of molecular subtyping of BC, the potential significance of
histopathological type is overlooked to a large extent.

In 2016, the Lobular Breast Cancer Alliance (LBCA) *’ was founded in Pittsburgh,
PA, by patient advocates who attended the First International Lobular Breast Cancer
Symposium (Figure 4A). The purpose is to increase awareness of ILC and to
promote ILC specific research. LBCA is advised by an international Scientific
Advisory Board of researchers and clinicians who focus on ILC. This is probably
the first subtype of an organ specific cancer type, that has its own international
scientific symposium as well as a patient advocate organization.

28



In 2018, the European Lobular Breast Cancer Consortium (ELBCC) *' was founded
(Figure 4B). This is a collaboration consisting of leading ILC researchers and their
mission is to establish a European research platform for ILC specific research in
order to achieve a common goal of improved understanding, diagnosis and
treatment for ILC. Furthermore, in collaboration with ELBCC, a European patient
advocacy organization, “the ELBCC Patient Advocates” has been formed.

Despite there is a lower number of patients diagnosed with ILC in Sweden than in
the U.S., a similar advocacy initiative on a national level would be strongly
encouraged.

™ fLobular

Breast

Cancer

Alliance
E U R O P E A N e o
LOBULAR & 9¢s v

BREAST CANCER ooty

C ON S O RTI

Figure 4. (A) The Lobular Breast Cancer Allience (LBCA) logotype. Reprinted with permission from LBCA. (B) The
European Lobular Breast Cancer Consortium (ELBCC) logotype. Reprinted with permission from ELBCC.

Epidemiology and risk factors

Compared to NST, the incidence of ILC has increased disproportionately between
1975 and 2000 2%4** and this finding seems to be strongly related to the frequent
use of hormone replacement treatment (HRT) in menopausal women, during this
time period. An association between HRT and increased risk of BC, has been shown
repeatedly, and this effect seems to be more pronounced in ILC than in other
histopathological types, probably due to its extraordinarily high endocrine
sensitivity *. Around 2002, a seminal publication from the Women’'s Health
Initiative *° addressing this issue, had an almost instant impact on decreasing HRT
prescriptions, and a subsequent decline in ILC incidence was seen. Despite a
continuous restrained policy about HRT, the incidence of ILC has started to rise
again in recent years, and the reason for this is not clear *°

Other known promoting risk factors that have a slightly stronger impact on ILC than
NST incidence, are: early menarche, older age at first parity, late menopause and
alcohol consumption 27,
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Overall, germline mutations are less common in patients with ILC than in those with
NST, although a relatively higher proportion of ILC has been identified in BCs
associated with BRCA2 mutations (8.8%) than in those with BRCA1 mutations
(2.2%) ¥’. Moreover, women with germline CDH mutations have an increased risk
of developing an ILC ¥/,

Moreover, the ILC incidence is significantly lower (~5%) in Asia/Africa/Middle
East than in Western world 2°. Genetic factors might play a role since it has been
shown that Asian Americans living in the U.S., still have the same lower ILC
incidence *®, but most likely both endo- and exogenous risk factors are contributing
to the development of this disease.

Histopathological variants

ILC can be divided into two histopathological subtypes: (1) based on different tumor
tissue architecture and growth patterns including classic, solid, alveolar and
trabecular; and (2) based on cytological features including pleomorphic, apocrine,
histiocytoid and signet-ring cell "2!-!,

According to the WHO Classification of Tumors of the Breast ’, BCs composed of
>90% lobular tumor component are referred to as pure ILC. Mixed lobular types,
where >50% and <90% of the tumor tissue consists of ILC, also exist. The most
common is the mixed ductal/lobular type (ductolobular BC) ***° and there is also a
less common tubular/lobular type (tubulolobular BC) °'.

Except for the prognostically unfavorable subtypes such as pleomorphic ILC (PLC)
3253 and signet ring cell ILC *', no significant prognostic differences between classic
type ILC and other ILC subtypes has been shown **.

Classic type

The majority of lobular BCs are the classic ILC. These tumors are characterized by
small round discohesive tumor cells with a scant cytoplasm, monomorphic nuclei
and a relatively harmless appearance 2"***** They have a characteristic growth
pattern with single-files of tumor cells diffusely infiltrating benign breast tissue

often without destroying normal anatomical structures *°.

Clinical characteristics

The clinical characteristics of ILC differ from those of NST **-3755-%° ILC patients
are generally diagnosed at an older age and a postmenopausal status is more
common. Due to the characteristic lobular growth pattern, both primary tumors and
axillary lymph node metastases (ALNMs) tend to be nonpalpable. The tumor size
at diagnosis is somewhat larger (higher T-stage, with a two-times higher occurrence
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of T3 tumors [>5cm]) *"%°. Compared to NST, patients with ILC who are node-
positive, tend to have a larger proportion of >4 ALNMSs and a higher number of non-
sentinel lymph node metastases (non-SLNMs) > whereas no clear difference in
the distribution of node-negative vs. node-positive cases are seen */*!. Multifocality
(>2 synchronous invasive tumors located in the same quadrant in the same breast),
multicentricity (>2 synchronous invasive tumors located in different quadrants in
the same breast) and bilaterality (=1 synchronous invasive tumor in both breasts)
are also more common in ILC ****37355 The risk for metachronous contralateral
BC is not consistently higher in ILC *’.

A better 5-year survival, but also an overrepresentation of late (>10 years past
diagnosis) recurrences has been seen in ILC compared to NST, and interestingly,
this finding was independent of ER-status indicating an effect related to other factors
associated with histopathology ***’.

Pathological characteristics

Compared to NST, ILC has a higher frequency (>90%) of hormone receptor
positivity with immunohistochemically highly ER positive (ER+) and PR positive
(PR+) status, while the frequency of HER2 positivity (HER2+) as assessed using
IHC and/or gene amplification (-ISH) test, is clearly lower (~5%) 2%,

Nottingham histological grade (NHG) is generally lower in ILC than in NST. NHG
is divided into three categories, based on the composition of three variables; tubule
formation, nuclear pleomorphism and mitotic score. Each variable is scored from 1
to 3 and the scores are added together to a total score where 3 to 5 = NHG1, 6 to 7
= NHG2 and 8 to 9 = NHG3 ®. This grading system is mainly based on
characteristics typically seen in NST. Its applicability in ILC has historically been a
matter of controversy since ILC normally do not form tubules and hence almost
always score 3, and the mitotic score is normally low, 1 or 2 ®. Given this, the NHG
in ILC depends to a large extent on the variability of nuclear pleomorphism and the
majority of cases are classified as NHG2 (~75%) .

The proliferating index in ILC is generally lower than that in NST (measured as
percentage of proliferating tumor cells using a proliferation marker Ki67) %.

The St. Gallen 2019 surrogate molecular subtypes * is based on pathological tumor
characteristics (e.g. ER/PR status, HER2 status, proliferation index [e.g. Ki67] and
NHG). Tumors are divided into; luminal A-like (HER2-), luminal B-like (HER2-),
HER?2 positive (luminal-like), HER positive (nonluminal-like) and triple-negative.

The luminal A-like subtype is predominant (~65%) in ILC and more common than
in NST (~50%) 5668

The loss of cell-cell adhesion transmembrane protein E-cadherin, coded by the
CDH1 gene located on chromosome 16q22, is very common (~90%), and
considered as one of the cardinal features in ILC. The intracellular domain of E-
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cadherin interacts with a-, B-, y- and p120 catenins to form a cadherin-catenin
complex with important functions in cell-cell adhesion 2. Lack of E-cadherin
also results in a simultaneous loss of a-, 3-, y-catenins, while p120-catenin
relocates from the cell membrane and shows increased cytoplasmic expression
637071 (Figure SA-B).
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Figure 5. (A) Schematic picture of cell-cell adhesion (Source: Wikipedia, created by Mariana Ruiz, 2006). (B) The cadherin-catenin
complex. Reprinted with permission from Elsevier, Seminars in Oncology, Thomas et al. 2019.
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Molecular characteristics

Molecular subtyping of BC, based on gene expression analysis was performed in a
seminal study by Perou and Serlie et al., where BCs were classified into different
subgroups based on their genomic profiles: luminal A (50%), luminal B (20%),
HER2-enriched (15%) and basal-like (15%) '*">"*. Molecular subtyping has been
shown to provide useful prognostic and treatment predictive information and hence,
has become increasingly used in the clinic.

Based on this pioneering research, in recent years, several BC gene signatures (also
referred to as gene expression assays) estimating recurrence risk and benefit of
chemotherapy (CT) in women with early stage BC, have become clinically available
(e.g. Oncotype DX, Prosigna-PAMS50, Mammaprint and EndoPredict) ™.

Oncotype Dx Breast Cancer Assay is a 21-gene assay used in ER+/HER2- BC to
predict benefit of CT in addition to endocrine therapy (ET) and the risk of distant
recurrence (low, intermediate and high) based on a recurrence score (RS).

The Prosigna-PAMS50 algorithm defines the molecular subtype (luminal A, luminal
B, HER2-enriched or basal-like) and calculates a risk of RS (using 1-100 scale) that
correlates with the probability of distant recurrence in ER+/HER2- BC.

Mammaprint is a 70-gene assay estimating the risk of distant recurrence (low vs.
high) in ER+ and ER-/HER2- BC.

EndoPredict is a 12-gene assay for assessment of distant recurrence risk in
ER+/HER2- BC.

Overall, these tests seem to have an equal prognostic value in ILC and NST,
although in studies investigating OncotypeDX and Prosigna-PAMS50, the recurrence
scores are generally lower in ILC. In Oncotype DX, a low RS indicates no benefit,
an intermediate RS uncertain benefit and a high RS a benefit of CT. The majority
of patients with ILC have a low (21% to 63%) or intermediate (35% to 71%) RS,
whereas only a minority (1.5% to 8 %) have a high RS 3¢,

Thus, only a small fraction of patients with ILC are predicted as “chemo gainers”;
moreover, a study has indicated that the actual benefit of CT was insignificant in the
high RS ILC subgroup *¢.

Pleomorphic ILC is an exception, displaying higher recurrence scores, comparable
with those seen in NST ®'.

A comprehensive analysis of mutated and amplified genes in ILC and NST has been
performed to decipher distinct genomic profiles in ILC compared to those in NST
356587 Somatic mutations in CDHI (54% to 63% vs. 2%), PIK3CA (42% to 48% vs.
33%), RUNX1 (10% vs. 3%), TBX3 (9% vs. 2%) and FOXAI (7% vs. 2%), were
more frequent in ILC and mutations in 7P53 and GATA3 were more frequent in
NST. An amplification of ERBB2 (~5% vs. ~15%) was also more frequent in NST.
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In a subgroup analysis of luminal A-like ILC vs. luminal A-like NST, a higher
frequency of CDH1, TBX3 and FOXAI mutations were still found, but the difference
in PIK3CA mutations was no longer significant. GATA3 mutational rate was still
significantly higher in NST; in addition, that of PTEN was higher in luminal A-like
ILC (14% vs. 3%) *>6%%7,

Pleomorphic lobular breast cancer

PLC is an uncommon, but clinically relevant ILC subtype, and accounts for ~1% of
all BC, and up to 15% of all ILC cases. It was first described by Page and Anderson
in 1987 **. Compared to classic ILC, PLC has characteristic histopathologic
features. Morphologically, there is a typical nuclear pleomorphism with medium to
large sized nuclei and irregular cell shape. Loss of E-cadherin is also very common
in PLC, and the lobular single-file growth pattern persists.

Compared to classic ILC, PLC has a less favorable prognostic profile, with a higher
proportion of ER- and PR-negativity, HER2-positivity, triple-negativity (ER-/PR-
/HER2-), NHG3 and non-luminal A subtype (~75%) ****. Furthermore, PLC has a
higher mammographic detection rate compared to classic ILC *, and one study
showed a higher frequency (40%) of BRCA2 mutations in patients with PLC *°.

Studies comparing PLC and classic ILC have suggested a slightly more aggressive
clinical behavior and a worse outcome in PLC %,

Lobular carcinoma in situ

Lobular carcinoma in situ (LCIS) is a noninvasive abnormality with proliferative
cells originating in the milk producing lobules of the breast, predominantly affecting
premenopausal women °'. It is not considered pre-cancerous, but the presence of
LCIS in the breast increases the risk of invasive breast cancer later on in life *'. LCIS
is an asymptomatic nonpalpable condition, normally undetectable on mammography
9293 Tt is incidentally found in microscopic assessment of a core needle biopsy or a
specimen from a surgical excision originally targeting another lesion ***. In classic
LCIS, multicentricity and bilaterality is commonly seen °'. The abnormal cells are
monomorphic and discohesive due to their loss of E-cadherin. LCIS is clinically
managed as a benign lesion and neither a radical excision nor pathological evaluation
of excision margins are required, and postoperative radiotherapy (RT) is not
recommended °'. Foci of LCIS are often present synchronously with ILC (>50%) **.
In the 8th edition of the TNM staging by the American Joint Committee on Cancer
(AJCC), LCIS is no longer staged as T in situ *°.
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Pleomorphic lobular carcinoma in situ

Pleomorphic LCIS (P-LCIS) was first described by Frost et al in 1996 *° as a
subtype with different features compared to classic LCIS. In P-LCIS a central
necrosis and calcifications are commonly seen, and these distortions are often
detected mammographically °'. Patients with P-LCIS are significantly older than
those with classic LCIS °'. Due to its nuclear pleomorphism, necrosis and
calcifications, P-LCIS resembles ductal carcinoma in situ (DCIS) °'7. However,
immunohistochemically, the cells of P-LCIS, compared to DCIS cells, show loss of
E-cadherin and cytoplasmic localization of p120 °®. The current clinical
management of P-LCIS is similar to that of DCIS. Areas of P-LCIS should be
surgically excised with clear margins and in some cases adjuvant RT should be

given %,

Diagnostic imaging and tissue biopsies

Due to its characteristic growth pattern, ILS is considered more difficult to detect
using diagnostic imaging, fine needle aspiration (FNA) and core needle biopsy
(CNB) than NST 29192 The detection rate of ILC is lower than that of NST on
screening mammography, and hence, interval cancers (a breast cancer diagnosed in
the time between a regular screening mammography that appears normal and the
next scheduled examination) are overrepresented among ILC cases *°.

Typical mammographic findings such as a well-defined mass and calcifications are
less often seen in ILC than in NST *'*_ Studies have shown that the sensitivity of
mammography for detection of mixed invasive BC (where a majority of cases is
NST) ranged from 63% to 98%, whereas the sensitivity of detecting ILC was lower
(34% to 81%). Furthermore, in a study by Berg et al., the differences in sensitivity
of mammographic detection of ILC compared to NST in patients with dense breast
tissue was even more pronounced (11% vs. 60%) 25104,

Studies exploring the sensitivity of ultrasound for detection of ILC has shown rates
from 68% to 98% 2***1% Furthermore, Butler et al. showed that 73% (11/15) of the
mammographically invisible ILC could be visualized using ultrasound '®.
Ultrasound is considered a valuable complementary diagnostic tool for detecting
ILC, when combined with a concurrent normal mammography, especially in
patients with clinical symptoms and/or physical examination suspicious of invasive
BC.

Studies evaluating preoperative axillary ultrasound for detecting lymph node
metastases showed that the sensitivity was lower in patients with ILC than in those
with NST (32% to 59% vs. 50% to 76%) and the same trends were seen for axillary
ultrasound-guided FNA (54% to 55% vs. 76% to 98%) and CNB (33% to 86% vs.
79% to 86%) 7102106,
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Studies have shown that the sensitivity of magnetic resonance imaging (MRI) was
high and ranged from 93% to 96% in ILC, and the corresponding rates in mixed
invasive BC were similar (~90%) 2*%°. However, there is also a lower specificity
associated with MRI. MRI is considered a valuable tool for detection of multiple
ipsilateral and contralateral BC, a feature especially useful in ILC where these
characteristics are common. A preoperative MRI in patients with BC has been shown
to reduce the number of mastectomies and re-excisions due to positive surgical
margins after BCT in ILC, and paradoxically the opposite was true for NST '’

New imaging techniques are emerging. Tomosynthesis is a three-dimensional
digital mammography technique based on x-ray computed tomography .
Tomosynthesis has a unique strength in detecting architectural distortion, a typically
and subtle mammographic manifestation of malignancy, and a feature commonly
seen in ILC. In one study where tomosynthesis was added to digital mammography,
the detection rate for ILC increased from 0.27 to 0.55 per 1000 cases, indicating that
tomosynthesis may be particularly useful for the identification of ILC '8,

A study exploring the utility of *F-FDG positron emission tomography in different
histopathological BC types showed that primary tumors and metastases of ILC were
less detectable than those of NST, and generally they demonstrated lower ¥F-FDG
uptake values '%.

Locoregional treatment

Surgical treatment

Breast surgery

For decades, breast conserving therapy (BCT) was considered as a relative
contraindication for patients with ILC due to the specific clinicopathological
features accompanying this histopathological type.

In current treatment guidelines for BC !4 recommendations for surgery are the

same for all types of BC. BCT is normally the preferred type of surgery, and
secondly a mastectomy is chosen for those patients where BCT is not applicable.

Fodor et al. investigated the long-term (15-year FU) outcomes in ILC patients
treated with BCT vs. mastectomy and found no significant differences in recurrence-
free and breast cancer specific survival ''°.

Nonetheless, mastectomy is more often required in patients with ILC than in those
with NST due to a generally larger tumor size at diagnosis, a more frequent
preoperative clinical understaging and higher frequency in multifocality/centricity.
Compared to NST, ILC is also associated with a higher rate of positive resection
margins after BCT and a secondary surgical procedure (either re-excision or
mastectomy) is more often required 2.
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Available long-term FU studies comparing risk of metachronous contralateral breast
cancer in ILC vs. NST, showed no significant differences, with a few exceptions.
Hence, there is no clear indication for prophylactic mastectomy of the contralateral
breast in women diagnosed with ILC *37116:117,

Axillary surgery

Until recently, the standard surgical procedure for axillary lymph node (ALN)
staging in clinically node negative (cNO) patients has been a sentinel lymph node
biopsy (SLNB), followed by completion axillary lymph node dissection (cALND)
in patients with confirmed sentinel lymph node metastases (SLNM). Several RCTs
on ALN management, where The American College of Surgical Oncology Group
(ACOSOG) Z0011 trial was the most influential, have shown that omitting cALND
in patients with clinically <5 cm (T1-2) node negative (NO) BC and 1-2 SLNMs,
did not affect the recurrence and survival rates during the first 10 years of FU ''*12°,
The findings from these trials have led to a change in practice of the axillary
management in all histopathological types of BC, although a limited number of
patients included in these RCTs had ILC (8%, 334/4192). Furthermore, a larger
proportion of patients with ILC compared to those with NST, tend to have >4
ALNMs and non-sentinel lymph node metastases (SLNMs) 7.

In the updated clinical guidelines from the St. Gallen 2019 international consensus
meeting, the expert panel included all histopathological types in the extended
indication for omission of cCALND. They recommend that cALND can be omitted
in clinically >5 cm (T3) node negative BC with 1-2 SLNMs, undergoing either BCT
or mastectomy, provided that adjuvant systemic treatment and regional nodal
irradiation will be delivered '*'*'.

Radiotherapy

In current treatment guidelines for BC '"*!''!* recommendations for postoperative
RT are the same for all histopathological types.

According to the Swedish Treatment Guidelines '!!, patients with node-negative BC
undergoing BCT are recommended local RT (also referred to as whole breast
irradiation). Patients with node-positive BC (with >1 ALN macrometastasis)
undergoing BCT are recommended locoregional RT, including also regional lymph
node stations (also referred to as regional nodal irradiation). Patients with node-
negative BC undergoing mastectomy are recommended local RT to the chest wall
if the tumor size is >5cm (T3) and locoregional RT if the tumor is inflammatory or
has grown into the chest wall and/or skin (T4). Patients with node-positive BC (with
>1 ALN macro metastasis) undergoing mastectomy are recommended locoregional
RT.

Results from large meta-analyses trials by the Early Breast Cancer Trialist
Collaborative Group (EBCTCG) '**'** showed lower recurrence rates (both loco-
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regional and distant) and a survival advantage with postoperative RT. The effect
was dependent on the underlying risk of recurrence which in turn was dependent on
the following: tumor size, surrogate molecular/molecular type, axillary lymph node
status, age and type of surgery (BCT and mastectomy).

Interestingly, there are studies indicating that there could be a higher radiosensitivity
in ILC than in NST '**.

Systemic treatment

Adjuvant therapy

Chemotherapy

Adjuvant CT is delivered postoperatively to eradicate potential remaining
micrometastatic locoregional disease, or breast cancer cells that have spread beyond
the breast and regional lymph nodes, either by hematogenous or lymphatic
dissemination, but have yet not established an identifiable metastasis.

The current St. Gallen 2019 Treatment Guidelines '* recommend that adjuvant CT
can be safely avoided in patients with ER+/HER2- <lcm node negative BC,
whereas it should be offered to patients presenting with ER+/HER2- BC
(independent of nodal status) without a history of neoadjuvant CT, whose tumors
are classified, using gene expression assays or IHC surrogate molecular subtyping,
as luminal B (-like), and to those presenting with >4 ALNMs and a prognostically
more favorable tumor type, including: luminal A, ILC and NHG1. Furthermore,
practically all patients with a HER2+ or triple-negative (TN) BC are recommended
CT (the only exception is TN <5mm node negative BC, where treatment
consideration should be decided in a case-by-case manner).

The current standard of care agents in modern adjuvant CT include sequential use
of both anthracycline and taxane.

For every BC patient, a multidisciplinary discussion, based on current BC treatment
guidelines, is a crucial step in the personalized treatment decision-making.
Moreover, before the start of treatment, a discussion between the medical oncologist
and the patient about pros and cons of CT considering comorbidity and personal
preferences is strongly encouraged.

In two studies investigating the effect of adjuvant endocrine therapy (ET) alone vs.
ET+ CT on overall survival (OS) in patients with ER+/HER- ILC and NST, there
was no survival benefit associated with the addition of CT in ILC, whereas a
significant better OS was seen in NST '*>!2° Unfortunately, neither of these studies,
reported whether these differences persisted also after adjustment for luminal A-like
vs. luminal B-like subtype.
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Anti-HER2 therapy

With very few exceptions, patients with HER2-positive BC are offered treatment
with trastuzumab, a HER?2 targeted monoclonal antibody, in combination with CT.
Patients with HER2+ <2c¢m node negative BC are recommended adjuvant anti-
HER2 therapy and all others are basically recommended neoadjuvant therapy.
HER2-positivity is a rare feature (~5%) in ILC but the survival and recurrence
reducing benefit of anti-HER2 therapy seems to be the same as in NST '?7.

Endocrine therapy

The vast majority (>90%) of ILCs are hormone receptor positive, with a
quantitatively high ER/PR expression, and thus they are considered responsive to
ET.

According to St. Gallen 2019 Treatment Guidelines ', adjuvant ET is the standard
of care for women with ER+ BC. In postmenopausal women treatment options
include aromatase inhibitors (Al) (e.g. anastrozole, letrozole and exemestane) and
tamoxifen (with an Al as preferred initial therapy). In premenopausal women
tamoxifen is the standard treatment option for patients with ER+ node negative BC
and tamoxifen or an Al combined with ovarian suppression (gonadotropin releasing
hormone-agonist) for those presenting with prognostically unfavorable features
(e.g. node positive, large tumor size [>5cm], young age [<35 years], NHG3 and
adverse gene expression signature). The recommended duration of ET is 5 years in
node-negative BC and 5-10 years in node-positive BC '.

A study by Rakha et al., comparing patients with hormone receptor positive ILC
and NST, showed that among those receiving ET, patients with ILC had a more
pronounced improvement in breast cancer specific survival and distant metastasis-
free survival than the matched NST patients did **.

A retrospective study by Metzger-Filho et al., based on a subpopulation of
exclusively ER+/HER- ILC and NST patients from the BIG 1-98 trial, showed a
stronger treatment benefit with a more pronounced positive effect on survival
(disease-free survival [DFS]) of ET with letrozole than tamoxifen, in ILC than in
NST ¢,

Neoadjuvant therapy

Chemotherapy

Neoadjuvant (also referred to as preoperative) CT is the standard of care in locally
advanced BC and in recent years it has become increasingly used also in earlier BC
stages, especially for those patients with unfavorable molecular/surrogate molecular
subtypes (e.g. HER2 positive, triple-negative) '*!''",

No significant benefit in OS and DFS has been shown, but the downstaging of the
tumor and lymph node metastases was often achieved, increasing the rates of BCT.
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Furthermore, neoadjuvant treatment gives a unique opportunity to evaluate and
monitor the chemosensitivity of the tumor and the treatment effect in every patient
2728 and this is in contrast with the adjuvant treatment approach, which is,
concerning individual treatment effect, merely a “blind procedure”.

Multiple studies, investigating the effect of neoadjuvant CT, have consistently
shown a lower chemosensitivity in ILC compared to NST 2!2%13* Most likely this
finding is related to the higher frequency in luminal A/luminal A-like (luminal A[-
like]) tumors, with strong ER-positivity and generally lower NHG and proliferation
rate seen in ILC. The degree of tumor shrinkage and the rate of pathological
complete remission (pCR) after neoadjuvant CT is lower in ILC than in NST (pCR
rate: ILC 0% to 11%; NST 9% to 25%). Accordingly, a lower proportion of patients
with locally advanced ILC have BCT after neoadjuvant CT.

Anti-HER?2 therapy

The standard neoadjuvant systemic treatment in HER2+ BC includes a dual HER2
blockage by targeting HER2 using the combination of trastuzumab and pertuzumab
together with CT. In patients with non-pCR (residual invasive cancer identified in
the breast specimen at postoperative pathological assessment) the addition of
adjuvant trastuzumab emtansine is recommended instead of maintenance
trastuzumab '*+11°,

Endocrine therapy

For patients with ER+/HER2- locally advanced BC, neoadjuvant ET is an option
135, Compared to CT, ET is associated with less toxicity, which potentially enables
this treatment also for those with older age, comorbidity or other relative
contraindications for CT.

A study evaluating the effect of neoadjuvant ET in postmenopausal women with
ER+/HER2- locally advanced BC of mixed histopathological types showed that
neoadjuvant ET with anastrozole or tamoxifen could downstage ER+/HER2- tumors
and thus increase the rate of BCT in patients where mastectomy originally was the
only surgical treatment option **!36

Considering the known clinicopathological features associated with ILC (e.g. poor
responsiveness to CT, high endocrine sensitivity, predominantly postmenopausal
and luminal A[-like] subtype), neoadjuvant ET appears particularly attractive in this
histopathological type of BC.

A study by Dixon et al. including postmenopausal women with large primary
nonoperable or locally advanced ILC treated with neoadjuvant letrozole showed a
>50% clinically reduction in tumor volume after 3 months of FU. At this time-point
38% of the downstaged tumors were operable, whereof a majority with BCT. At the
end of FU, 65% of the tumors were downstaged and operable, and the median
duration of neoadjuvant ET was 9 months '*’.
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The optimal duration of neoadjuvant ET still needs to be further elucidated. Current
studies indicate an overall response rate of ~40% 2* in ER+/HER2- BC, but the
response seems to develop slower than in neoadjuvant CT. Due to this, compared to
CT, neoadjuvant ET most likely requires a longer treatment duration (>6 months)
to achieve its full clinical impact **''°,

Metastatic lobular breast cancer

The metastatic pattern of ILC has similarities with but also clinically important
differences from NST. Patients with primary ILC tend to have a higher incidence of
late distant recurrences (>10 years past primary diagnosis) than those with NST. In
addition, de novo metastatic breast cancer (MBC) (also referred to as stage IV BC)
is slightly more common in patients with ILC than than in those with NST %
Metastatic ILC typically infiltrates the normal tissue of the metastatic site in a
diffusive manner rather than forming distinct masses, thereby resembling the growth
pattern seen in primary lobular breast tumors '**.

The most common distant metastatic site in BC, including all histopathological
types, is bone, followed by lung, liver, distant lymph nodes and brain '*°.

Prognostic differences in MBC related to the number of metastatic sites have been
shown. MBC patients with a solitary metastatic site, especially those with bone only
MBC, have a more indolent course of the disease and a longer expected survival
time than the patients with multiple metastatic sites'**"'4*,

Compared to metastatic NST, metastatic ILC has an equal or slightly higher
frequency of bone metastasis '**, whereas the cases with bone only metastases are
more common '*'*, The frequency of lung metastases is lower in ILC than in NST,
and the frequency of liver metastases is equal '*%,

Dissemination to unusual distant sites is more common in metastatic ILC than in
NST 2233138144198 © Atypical metastatic spread to the gastrointestinal (GI) tract,
peritoneum/retroperitoneum,  genitourinary tract and leptomeninges s
overrepresented in ILC. Furthermore, metastatic spread to ultrarare sites (e.g.
orbitae, pituitary and adrenal glands) is also seen in metastatic ILC.

In one study including patients with metastatic ILC, 32% (»=57) had GI
involvement '¥°. In three studies on MBC with mixed histopathological types and
gastric metastases, the proportion of patients with ILC was 64% (n=53) '*°, 74%
(n=27) "*" and 97% (n=35) '*?, respectively. The most commonly affected GI sites
were the stomach and small intestines '**.

Ovarian metastasis is a rare condition. In one study of patients with different organ
specific primary cancers and known ovarian metastasis (n=29), 41% had metastatic
ILC ',

41



Metastatic spread to the bladder is extremely rare in BC. In a case report review of
BC with known bladder metastasis (7=19), 33% had metastatic ILC ',

The characteristics of metastases to the central nervous system (CNS) differ
between ILC and NST. In metastatic ILC with CNS involvement, a spread to
leptomeninges is common, whereas formation of distinct metastatic masses in the
brain parenchyma is more rare, and the opposite is true for metastatic NST '**. In
one study investigating metastatic dissemination in BC, 90% of the patients with
ILC and known CNS metastases had leptomeningeal involvement compared to 6%
in patients with NST '*°,

Raap et al. investigated (1) orbital metastases in a total of 14 patients with metastatic
cancer of different origin in a single institution series, and (2) orbital metastases in
72 metastatic cancer patients from a case report review. In the single institution
series, they found that 8/14 cases had MBC, whereof 7 (50%) had metastatic ILC
and 1 (7%) NST; and furthermore in the reviewed case reports, 21/72 cases had
MBC, whereof 11 (15%) had metastatic ILC, 2 (3%) NST and 8 (11%) BC with
unknown histopathological type '*°.

Putative prognostic and treatment predictive factors

Androgen receptor

The androgen receptor (AR) belongs to the steroid nuclear receptor family and is
frequently expressed in BC, especially in ER+/HER2 ILC (>85%) **'3"'*¥, The
prognostic role of AR in BC is still unclear with some studies showing that AR
positivity is associated with better prognosis '**'°' and others showing non-
prognostic results ">, The prognostic impact of AR in ILC is sparsely studied.

Amplified in breast cancer 1

Amplified in breast cancer 1 (AIB1) is a member of the steroid receptor coactivator
family and interacts with ER. AIBI is often expressed in BC and high expression
level of AIBI is suggested to be a negative prognostic factor and at the same time a
predictive factor for response to endocrine therapy, although the findings are not
unanimous '*'7°. The prognostic and treatment predictive effects of AIB1 in ILC is
hitherto unknown.
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G protein-coupled estrogen receptor

G protein-coupled estrogen receptor (GPER), formerly also referred to as GPR30,
is distinct from ER and mediates nongenomic estrogenic responses. The reported
prognostic value of GPER expression in BC is inconsistent !”'"'”*, Furthermore, lack
of GPER in the plasma membrane (PM GPER negativity) has been identified as a
good prognostic feature in ER-positive BC '”°. The prognostic effect of GPER in
ILC has not been reported previously.

Tumor infiltrating lymphocytes

Infiltration of lymphocytes within the tumor and in the surrounding tumor stroma is
commonly seen in BC '7®. The levels of these tumor infiltrating lymphocytes (TILs)
are usually higher in triple-negative and HER2-positive BC than in luminal
(ER+/HER2-) BC. In these first two subtypes the presence of high levels of TILs is
associated with a better prognosis, whereas no significant prognostic effect of TILs
in ER+/HER2- BC has been shown '7"'7®. In a study by Desmedt et al, the
distribution and prognostic value of TILs in ILC and NST were investigated '”°.
They found that the levels of TILs were generally lower in ILC, and that high levels
of TILs in ILC might indicate a worse prognosis in this histopathological type.

Programmed death-ligand 1 and programmed cell death-1

Programmed death-ligand 1 (PD-L1) is an immune checkpoint protein normally
expressed on the cell surface of immunological cells (e.g. macrophages and
dendritic cells). It binds to the programmed cell death-1 (PD-1) receptor expressed
on activated T-cells, and thereby inhibits the T-cells, and regulates the
immunological response. Tumor cells often exhibit an overexpression of PD-L1 on
the cell surface, and, thus can bind to PD-1 and suppress T-cells that are
immunologically activated to attack the cancer itself. In recent years,
immunotherapy, with monoclonal antibodies targeting PD-L1 and PD-1, has
become clinically available.

In BC, positive effect with prolonged survival, has been seen for immunotherapy
(PD-L1 antibodies) in combination with CT (nab-paclitaxel) for the treatment of
PD-L1 overexpressing (PD-L1 >1%) metastatic triple-negative BC '*. To date, no
survival benefit has been shown clinically in luminal (ER+/HER2-) BC and in
current studies on immunotherapy in BC, no subgroup analyses of ILC have been
reported.
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Phosphoinositide 3-kinase

Phosphoinositide 3-kinase (PI3K) belongs to a family of proteins involved in many
crucial cellular processes. The gene PIK3CA, that encodes this protein is mutated in
a variety of cancers, including BC, where the highest frequency is found in
ER+/HER2- ILC ***"!'8! Studies have shown that PIK3CA-mutated ER+/HER2-
MBC are less sensitive to systemic therapy (e.g. ET and CT) and associated with a
poor outcome '*>'% New treatment options involving PI3K inhibitors have shown
promising results in patients with this specific type of MBC '*.

Disseminated tumor cells

Disseminated tumor cells (DTCs) are defined as single or a small group of tumor
cells (micrometastasis) that have escaped from the primary tumor and spread via the
blood or lymphatic system to distant sites, typically found in a bone marrow
aspiration '®. In one study by Gainer et al., evaluating distributions of DTCs have
shown that presence of DTCs was more common in primary (stage I-1II) ILC than
in NST (23/53, 43% vs. 81/298, 29%) '*. Furthermore, DTC-positivity was a
negative prognostic factor in primary BC, independently associated with impaired
survival '*¢1¥7 Furthermore, promising results have been shown for DTCs as a
monitoring tool for treatment response '**!1%,

Liquid biopsies

Circulating tumor cells

Circulating tumor cells (CTCs) have been extensively studied and have repeatedly
been shown to carry prognostic and monitoring information in MBC. A CTC count
of >5 cells per 7.5 mL blood is a validated cut-off in MBC for the CellSearch
technique '**'**. CTC detection using the CellSearch system is based on the use of
epithelial cell adhesion molecule (EpCAM) for the capture and isolation of CTCs,
and, is currently the only United States Food and Drug Administration (FDA)
approved system for enumeration of CTCs in the clinic. A strong correlation
between CTC and diagnostic imaging for predicting progressive disease has been
found, and some studies suggest that CTCs can detect disease progression before
diagnostic imaging and could thus be a valid monitoring tool '**1%¢,
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Circulating tumor cell clusters

CTC clusters are defined as a group of two or more tumor cells with strong cell—cell
adhesion properties, held together through E-cadherin and catenin-dependent
intercellular adhesion, where high levels of plakoglobin (y-catenin) has been identified
as one of the most important factors for CTC cluster formation '’. Studies suggested
that the presence of CTC clusters was a negative prognostic factor in MBC, and could
be of potential prognostic significance in addition to single CTCs '**'*°. Findings in a
preclinical study based on mouse models also indicated that the metastatic capacity of
CTC clusters might be up to 50-fold higher compared to that of single CTCs '*’.

Circulating tumor DNA

Cell-free circulating tumor DNA (ctDNA), are the fragments of DNA from the
remnants of dying tumor cells released to the bloodstream, that can be detected using
special techniques. The presence and amount of ctDNA can be used for
prognostication, treatment guidance, evaluation of treatment effect and disease
monitoring 2?2, Circulating tumor DNA is a developing technology, commonly used
in research studies. To date, no ctDNA test has been FDA cleared for clinical use.

Cancer antigen 15-3

The serum tumor marker cancer antigen 15-3 (CA 15-3) is a BC-associated tumor
marker with putative monitoring potential and might also harbor prognostic
information. However, its clinical usefulness and reliability have not been fully
validated, and no clear cut-off value has been established 2****,

Figure 6. A Circulating tumor cell (CTC) cluster from one of the patients included in the study in paper Ill. The CTC
cluster was captured and isolated from the blood using the CellSearch system (Menarini Silicon Biosystems,
Florence, ltaly).
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A1ims

The overall aim of this thesis was to provide further understanding of the clinical
value of different prognostic factors and the characteristics of metastatic routes in
patients with ILC — a rare and understudied breast cancer type compared to NST,
although still a very common type of female cancer.

The specific aims were:

1.

To investigate the long-term prognostic effect of well-established
prognostic factors in BC, in a subset of ILC, with a special focus on Ki67
and NHG alone and together with ER, Tumor size and Nodal status,
combined into a prognostic index (KiGE-TN).

To investigate the prognostic value of new putative prognostic biomarkers
AIB1, AR and GPER, related to endocrine signaling pathways, in ER-
positive/HER2-negative ILC.

To compare the distribution of cases with (1) >4 axillary lymph node
metastases and (2) non-sentinel lymph node metastases.

Furthermore, we aimed to assess the proportion of luminal A-like tumors
with >4 axillary lymph node metastases, in patients with ILC and NST
meeting the criteria for omission of completion axillary lymph node
dissection according to the St. Gallen 2019 and the Z0011 criteria.

To evaluate the distribution and long-term prognostic significance of liquid
biopsies with circulating tumor cells and cancer antigen 15-3 in metastatic
ILC compared to NST.
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Summary of materials and methods

Paper I

The study cohort was a long-term follow-up (FU) retrospective series of well-
characterized patients with histopathologically reevaluated ILC. All female patients
diagnosed with primary breast cancer and classified as ILC at the Department of
Pathology, Lund University Hospital, between 1980-1991 were identified (n=264).
After excluding 72 patients, 192 were finally included in the study (Figure 7). Most
patients were diagnosed before the start of public screening mammography. All
breast and axillary surgeries were performed before the introduction of the sentinel
lymph node biopsy technique, and adjuvant treatment (endocrine-, chemo-, and
radiotherapy) was administered in accordance with Swedish treatment guidelines
valid at that time. The median FU time was 21 years for those who were still alive
at the end of the study. Patient and tumor characteristics were retrieved from clinical
records and pathology reports, as were FU-data. The median age was 62 years and
138 (74%) of the patients were postmenopausal at diagnosis. One hundred and fifty-
two (80%) underwent mastectomy and 181 (94%) axillary lymph node dissection
(ALND). Ninety-three (48%) of the patients received radio-, 78 (41%) endocrine-
and 5 (3%) CT.

For all tumors, NHG, ER, PR, HER2 and Ki67 were reassessed using IHC from
whole tissue sections. NHG was evaluated according to Elston and Ellis ®*. ER and
PR positivity were defined as >10% of stained nuclei. Ki67 was categorized into
three groups depending on the percentage of stained nuclei: low (0-10%),
intermediate (11-30%) and high (>30%). HER2 was categorized into four different
groups depending on the cell membrane staining intensity: 0, 1+, 2+, 3+. A value of
IHC 3+ was considered as HER2 positive *>. A HER2 gene amplification test
(HER2 in situ hybridization [ISH] test) was not performed. All cut-off values were
decided according to a predefined protocol before linking expression to survival
data.

By combining Ki67, NHG and ER, into a prognostic index (KiGE) °, the tumors
could be categorized into a KiGE low-risk (low-KiGE) and a KiGE high-risk (high-
KiGE) group (Figure 8).
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Study endpoint for paper I was cumulative breast cancer mortality (BCM). For each
patient, the FU time was counted from the date of surgery to death with or without
breast cancer, and for the survivors until November 2009.

Statistical analyses: Pearson correlation was used for assessing dependencies
between Ki67, NHG and other prognostic factors. The log-rank test was used to
compare BCM in different strata, the trend alternative for variables with three
ordered categories, and the Cox proportional hazards model for estimation of hazard
ratios (HR). Proportional hazard assumptions were checked graphically. All tests
were two-sided and P values <0.05 were considered statistically significant. In the
survival analyses, NHG, Ki67 and the number of axillary lymph node metastases
(ALNMs) were analyzed as factor variables on three levels (2 degrees of freedom)
with the category with the highest prevalence as reference, age as a continuous
variable, and all other factors as dichotomous covariates. The prognostic value of
age, tumor size (T), axillary nodal status (N), NHG, ER, PR, Ki67 and KiGE were
evaluated in univariable analysis. Independent prognostic effects of these factors
were also analyzed in multivariable models.

Based on the results from multivariable analysis the three strongest factors were
combined into a simplified classifier (KiGE-TN) defined as presence of at least one
of the three risk factors: tumor size >20 mm, >1 positive lymph node and high-
KiGE. Patients with ILCs who did not display any of these unfavorable risk factors
(n=60, 37%) were considered to have a good prognosis in a subsequent exploratory
analysis.

The study was ethically approved (LU 240-01), and whenever applicable the
REMARK (REporting recommendations for tumor MARKer prognostic studies)
recommendations were followed 2%

264 breast cancer patients with histopathologically
re-evaluated tumours primarily classified as ILC

3 13 cases: Pathology specimen missing or technically not re-evaluable
16 cases: Primarily misclassified as ILC

235 patients with complete clinical data

e 5 cases: Syncronous bilateral breast cancer

l 14 cases: Previous history of breast cancer
7 cases: Advanced breast cancer at primary diagnosis

209 patients with immunohistochemically (IHC)
analysed ILC's

l . 17 cases: IHC incomplete due to technical errors

192 study cohort patients (ILC, re-evaluated IHC and complete FU)

Figure 7. Flow-chart of the study cohort (paper I).
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Histological grade 3
High
ER- KiGE
Histological grade 2 Ki67 >30%
ER+
Ki67 <30%
Low
Histological grade 1 KiGE

Figure 8. KiGE definition.

Paper 11

The main study cohort (#=224) was based on the same cohort as in paper I, with the
addition of reevaluated ILC cases from the Department of Pathology, Helsingborg
Hospital, diagnosed during the same period. Exclusively ER+/HER2- cases were
included (Figure 9). The FU time was longer (median 26 years). Moreover, three
independent publicly available cohorts with gene expression data from ILC 2°7-2%
were used to validate the findings in the main cohort. The Metzger-Filho dataset
consisted of 117 ILC tumors of which 100 were ER+/HER2-, and the primary
endpoint was distant disease-free survival (DDFS). The Michaut et al. dataset 2
consisted of 137 ILC tumors of which 108 were ER-positive/HER2- negative, and
primary endpoint was recurrence-free survival (RFS). The METABRIC dataset 27
consisted of 141 ILC tumors of which 123 were ER-positive/HER2-negative, and
primary endpoint was OS.

Putative prognostic biomarkers, related to endocrine signaling pathways (e.g.
amplified in breast cancer 1 (AIB1), androgen receptor (AR) and G protein-coupled
estrogen receptor [GPER]), and well-established prognostic factors (e.g. ER, PR,
HER2 and Ki67) were analyzed immunohistochemically on tissue microarray
(TMA). NHG was reevaluated on whole tissue sections. All cut-off values were
decided according to a predefined protocol before linking protein expression to
survival data. Patient and tumor characteristics were retrieved from clinical records
and pathology reports, as were FU data.
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AIB1 was assessed in line with previous publications *'°2'2. Each sample was semi-
quantitatively scored from O to 3 for percentage of stained nuclei and staining
intensity. Proportion score 0 represented no stained nuclei, 1: 1 to 10%, 2: 11 to
50%, and 3: 51 to 100%. Staining intensity 0 represented negative staining, 1 weak,
2 moderate and 3 intense staining. Proportion and intensity scores were added to a
total score ranging from 0 to 6. In line with results from the ER-positive/HER2-
negative subgroup in a previous study from our group, the total scores were
categorized into two groups: high-AIB1 (score 6) and low-AIB1 (score <6) '**. AR
positivity was defined as >10% of stained nuclei '*°. Total GPER staining was
scored, according to a previous study from our group, as intensity at 5 levels (0
negative, 1 very weak, 2 weak, 3 moderate, and 4 strong) 175,

In addition, the prognostic value of gene expression data for A/IBI, AR and GPER
was analyzed in the gene expression ILC datasets. The cut-off values were set at
levels to mimic the fractions of the concurrent IHC analyses in this study.

ER and PR positivity were defined as >1% stained nuclei. PR expression was also
analyzed with a 20% cut-off value for the luminal-like classification ',

Ki67 proliferation index was considered high if >24% cells were stained. The cut-
off value was set at this level to mimic the fraction of high Ki67 tumors (7.8%) in
our previous whole tissue section analyses of ILC (paper I) *'*.

HER2 was categorized into four different IHC groups depending on the cell
membrane staining intensity: 0, 1+, 2+, 3+. A value of IHC 3+ was considered as
HER?2 positive. A HER2 gene amplification test (HER2 ISH test) was not performed.

Based on the 2017 St. Gallen luminal-like definitions !!, the tumors were divided
into: luminal A-like: grade 1 + 2, low Ki67, and PR > 20% and luminal B-like: at
least one of the three criteria fulfilled: grade 3, high Ki67 or PR <20%.

The primary endpoint was cumulative BCM. For each patient, the FU time was
counted from the date of surgery until death with or without breast cancer or for the
survivors, until June 2015. For the gene expression datasets, we used the same
endpoints as originally published.

Statistical analyses: associations between the expression of A/BI, AR, GPER and
other prognostic factors were assessed using Pearson’s chi-squared test. A trend
version of this test was used if one or both variables in a pair was ordinal with more
than two categories. The log-rank test was used to compare BCM, or other endpoints,
in different strata (for variables with three or more ordered categories, a log-rank test
for trend was used). Cause-specific Cox proportional hazards regression was used to
estimate HR. Proportional hazard assumptions were checked graphically for each
biomarker, and were found to be violated for, e.g., high vs. low AIB1. Hence,
estimated HRs depended on FU time. Our pragmatic solution to this problem was to
restrict the FU to the first 10 years. Complementary analyses with 25 years of FU were
also performed to show how the estimated effects on BCM for the biomarkers level
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off with increased FU. These long-term effects should be cautiously interpreted as
time averages. All tests were two-sided and the corresponding unadjusted P values
should be regarded as level of evidence against the null hypotheses tested. In the
survival analyses, NHG and nodal status were analyzed as factor variables on three
levels, age as a continuous variable, and all other factors as dichotomous covariates.

The study was ethically approved (LU 240-01 and LU 2015/102) and the REMARK
recommendations for reporting of tumor biomarker studies were followed when
applicable 2%.

Reevaluation of histological type
N=319

Pathology specimen missing or not technically
reevaluable, N = 15
Primarily misclassified as ILC, N =28

Tumor samples available for production of tissue microarray

(TMA)
N=276
TMA cores missing due to
technical errors, N =17
Clinical data
N=259
Previous history of non-lobular breast cancer,
N=14
Synchronous non-lobular breast cancer, N=5
Stadium IV at primary diagnosis, N =7
Immunohistochemistry (IHC)
N=233

ER-negative, N =2
ER missing, N =1
HER2-positive, N= 6

Patients with ER-positive'/HER2-negative invasive lobular carcinoma, complete
clinical follow-up and TMA cores available for IHC analyses

N=224

'ER-positivity (=1%) was confirmed with IHC staining on tissue microarray in

N=200 and whole tissue sections in N=21, and with cytosol-based methods in
N=3 tumor samples.

Figure 9. Flow-chart of the study cohort (paper ).
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Paper III

In this study, we retrieved clinicopathological characteristics including axillary
nodal status data from 23,254 patients diagnosed with primary BC between 2014-
2017 from the Swedish National Quality Breast Cancer (NKBC) register *'°. The
study inclusion criteria were: women with unilateral, primary BC classified as pure
ILC, pure NST, or mixed ILC/NST, who underwent breast and axillary surgery as
primary treatment. After exclusion of the patients with other histopathological types
and/or incongruent missing data on key variables (n=3115), 20,139 patients were
included in the study (NKBC cohort). Further subdivisions of the NKBC cohort into
a St. Gallen 2019 cohort (including patients with BC eligible for omission of
cALND according to the St. Gallen 2019 guidelines '* for ALN management)
(n=2104), and a Z0011 cohort (including patients with BC eligible for omission of
cALND according to the Z0011 inclusion criteria ''®) (n=1084) was also performed
(Figure 10).

Pathological assessments of the primary tumor, sentinel lymph nodes (SLNs) and
ALNs were performed in accordance with the Swedish Quality Document for
Pathology (KVAST) ?'%. ER and PR positivity was defined as >10% of IHC stained
nuclei, and in accordance with Maisonneuve et al., PR >20% was considered high
213 HER?2 positivity was defined as the HER2 ISH test positive, and if ISH test was
missing by IHC 3+. The Ki67 percentage was categorized into three groups: low,
intermediate and high, based on local laboratory percentile based cut-off values, and
NHG was evaluated according to Elston and Ellis ®*. A lymph node micrometastasis
was defined as a tumor deposit >0.2 mm but <2 mm consisting of >200 tumor cells,
and a macrometastasis as a deposit >2 mm. Deposits <0.2 mm and <200 tumor cells
were defined as isolated tumor cells (ITCs) and patients with SLN ITCs only were
classified as NO *>*'°,

Based on a modification of the St. Gallen 2019 guidelines '* and the classification
proposed by Maisonneuve et al. 2" (including ER, PR, HER2, Ki67 and NHG), the
surrogate molecular subtypes luminal A-like; luminal B-like; HER2 positive; and
triple-negative were defined.

Statistical analyses: evidence for differences in categorical variables, including
patient and tumor characteristics, between the histopathological types (ILC vs.
NST) were evaluated using Pearson’s chi-squared test or Pearson’s chi-squared test
for trend (ordinal variables with >2 categories). Variables measured on a continuous
scale were evaluated using the Mann-Whitney U-test. Uni- and multivariable
analyses were performed using logistic regression.
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The study was approved by the Ethics Committee (2019-02139) and adheres to the
Strengthening The Reporting of Observational studies in Epidemiology (STROBE)
guidelines for observational studies *'".

Total cohort?
N = 23,254
Excluded®
N =3115
Study cohort¢
N =20,139
|
I | 1
NST ILC Mixed ILC/NST|
N =16,711 N =2921 N =507
SLNB only SLNB only SLNB only
N =13,036 N =2247 N =379
ALND only ALND only
N =219 N =55
SLNB + ALND SLNB + ALND
N = 455 N=73
St. Gallen St. Gallen
N =355 N =60
Z0011¢ 20011 Z0011
N =954 N=111 N=19

aInclusion criteria: women who underwent breast and axillary surgery for unilateral primary breast cancer (2014 —
2017) as primary therapy identified in the Swedish National Quality Breast Cancer (NKBC) Register. Exclusion
criteria: neoadjuvant treatment, locally- and/or regional recurrent breast cancer, distant metastases at the time of
surgery.

PNodal data incongruent or missing (N = 1237), tumor size missing (N = 235), no invasive tumor (N =33),
histopathological type missing (N = 54), histopathological type other than ILC, NST or mixed ILC/NST (N = 1865).
Note that some patients were excluded for more than one reason

°“Women with histopathological type: pure ILC, pure NST or mixed ILC/NST.

dCohort including patients eligible for omission of completion ALND according to St. Gallen 2019 International
Consensus Guidelines.

Inclusion criterias: T1-3 (any size), clinically NO with 1-2 SLN metastases, BCT + whole breast irradiation or
mastectomi + regional node irradiation (for T3 undergoing BCT = regional node irradiation was also required), SLNB
and completion ALND.

eCobhort including patients eligible for omission of completion ALND according to ACOSOG Z0011 criteria.

Inclusion criteria: T1-2, clinically NO with 1-2 SLN metastases, BCT + whole breast irratiation.

Abbreviations: NST = invasive ductal carcinoma of no special type, ILC = invasive lobular carcinoma, SLNB = sentinel
lymph node biopsy, ALND = axillary lymph node dissection.

ALND only
N = 1604

SLNB + ALND
N =2071

St. Gallend
N =1687

Figure 10. Flow-chart of the study cohort (paper IlI).
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Paper IV

The study was based on a previously reported prospective observational MBC
cohort comprising mixed histopathological types (n=156) '**?'¥ including a
subpopulation of 28 patients with pure ILC and 111 patients with pure NST (Figure
11). Patients diagnosed with MBC and scheduled for first-line systemic treatment
at Skéne University Hospital and Halmstad County Hospital, Sweden, between
April 2011 and June 2016 were enrolled in a trial (ClinicalTrials.gov
NCTO01322893) conducted by the Department of Oncology and Pathology at Lund
University, Sweden. Inclusion criteria were: age older than 18 years, Eastern
Cooperative Oncology Group (ECOGQG) performance status score 02, predicted life
expectancy longer than two months, and available data on histopathological
subtype. Exclusion criteria were: prior systemic therapy for metastatic breast cancer,
inability to provide informed consent and any diagnosis of malignancy within 5
years before inclusion '*°. Patient and tumor characteristics and FU data were
retrieved from case report forms (CRFs) and clinical records. FU data were updated
as of 23 April 2019, after which the database was locked. The median FU time was
49 (range, 27-93) months.

CTCs were isolated and enumerated using the Food and Drug Administration-
approved CellSearch system (Menarini Silicon Biosystems, Florence, Italy), as
described in detail previously '**'’. CTC count and number of CTC clusters per 7.5
mL blood were evaluated at baseline (BL) and during treatment at 1, 3 and 6 months.

A CTC count of >5 cells was a previously validated cut-off in MBC for the
CellSearch technique '**'**. A CTC count of >5 was considered high, and additional
exploratory cut-off values of >20 and >80, based on prior studies by Botteri et al.
220 and Peeters et al. ', were also evaluated. CTC clusters were defined as groups
consisting of >2 CTCs clustered together, with non-overlapping nuclei. A blood
sample was considered positive for CTC clusters if >1 CTC cluster was detected.

The serum marker CA 15-3 was analyzed with an accredited method used in clinical
practice (CA 15-3 on Cobas, NPU01449, Roche, Basel, Switzerland). CA 15-3
values >30 U/mL were considered high **>. Additional experimental cut-offs of
>100, >200, and >400 U/mL (predefined) were also analyzed.

The patients underwent structured evaluation via clinical examination and
diagnostic imaging (standard monitoring methods) at least every 3 months
according to a prespecified study protocol during FU, which was continued after the
serial blood sampling. Progression vs. non-progression was defined according to
clinical practice based on clinical examination and diagnostic imaging, using
modified response evaluation criteria in solid tumors (RECIST) 1.1 criteria **
(progression: progressive disease vs. non-progression: stable disease, partial
response or complete response). Aiming at detection of early progression during 0—
12 months by CTCs and CA15-3 in relation to routinely diagnosed progression,
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CTC progression was defined as either (1) an increase in CTC count from <5 to >5
or, for those patients with >5 CTCs at BL, (2) an increase >25% (predefined) in the
number of detected CTCs, between two adjacent time-points (BL and 1 month, 1
and 3 months or 3 and 6 months). Similarly, an increase in CA 15-3 levels of >25%
between two time-points was classified as CA 15-3 progression . The change in
levels of CTCs and CA 15-3 during 0—-6 months of FU were related to progression
confirmed by standard monitoring methods, which were restricted to 0—12 months
of FU.

Based upon the 50 gene expression signatures detailed by Parker et al. ", PAMS50
breast cancer intrinsic subtyping analysis was completed at NanoString
Technologies, Seattle, WA, USA, and samples were classified into luminal A,
luminal B, HER2-enriched, and basal-like subtypes.

Statistical analyses: evidence for differences in categorical variables, including
patient and tumor characteristics, and CTC and CA 15-3 levels between the
histopathological types (ILC vs. NST) were evaluated using Pearson’s chi-squared
test or, if expected counts under the null hypothesis were lower than 5 in one or
more of the cells of a contingency table, using Fisher’s exact test. Ordinal data were
evaluated using Pearson’s chi-squared test for trends, also known as the linear-by-
linear association test, whereas variables measured on a continuous scale were
evaluated using the Mann—Whitney U test.

The primary endpoint was progression-free survival (PFS) and the secondary endpoint
was OS in relation to CTC counts. For each patient, FU time was calculated from the
date of the first blood draw to progression or death from any cause. Patients without
disease progression or those who were still alive at the last FU date were censored for
PFS and OS, respectively. Kaplan—-Meier plots and the log-rank test were used to
illustrate and compare survival between subgroups. Cox proportional hazards
regression was used for the estimation of HRs, and proportional hazards assumptions
were checked graphically. Landmark analysis was used to study change in CTC status
from baseline to 3 months in relation to PFS and OS from 3 months and onwards.

The REMARK recommendations for reporting of tumor marker studies were
followed whenever applicable ***. The study was approved by the Lund University
Ethics Committee (LU 2010/135).
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168
patients included

12
patients did not

in the main cohort

(ClinicalTrials.gov NCT01322893)

17
patients excluded
due to non-
lobular/ductal or
missing
histopathological
type

meet the iNCIUSION  |———
criteria and were 156
excluded patients with MBC
139
patients with pure
ILC or NST
— e
28 111
patients with patients with
ILC NST
1
patient excluded in
monitoring
analyses due to
incomplete CTC

and CA 15-3 data

27 99/94
patients with patients with
ILC and NST and
evaluable CTC evaluable
and CA 15-3 CTC/CA 15-3
monitoring monitoring

data data

12
patients excluded
in CTC
monitoring
analyses due to
incomplete data

17
patients excluded
in CA 15-3
monitoring
analyses due to
incomplete data

Figure 11. Flow-chart of the study cohort (paper IV).
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Summary of results and discussion

Paper I

Overall, 67 (35%) of the included patients with ILC had a distant recurrence and 60
(31%) ultimately died from breast cancer. A majority of the tumors were HER2-
(188/192, 98%), ER+ (169/192, 88%), NHG2 (133/175 ,76%) and Ki67 low
(115/192, 60%).

Age, tumor size, axillary lymph node status (nodal status), NHG, Ki67 and KiGE
were significant prognostic factors BCM in univariable analysis (Figures 12-13).
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Figure 12. Breast cancer mortality by Ki67.
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Figure 13. Breast cancer mortality by histological grade.

In a multivariable model, adjusted for adjuvant treatment, age and PR, the strongest
prognostic factors for BCM were: nodal status (HR = 2.9, 95% confidence interval
[CI]: 1.4-6.1), KiGE (HR = 2.0, 95% CI: 1.1-3.6), and tumor size (HR = 1.9, 95%
CI: 0.98-3.8). By combining these three factors, 37% of the ILC cases could be
further divided into a low-risk group, consisting of small (< 20 mm) node negative
low-KiGE tumors, with a BCM of 5% (95% CI: 1-13%) at 10 years and 12% (95%
CI: 5-22%) at 20 years follow-up (Figure 14). None of these patients were
administered CT and only two underwent endocrine treatment with tamoxifen.

Surgery, RT and adjuvant systemic treatment were performed in accordance with
treatment guidelines valid at the time of diagnosis. Mastectomy and rates in this
cohort were high (79% and 94% respectively) and only 44% of the hormone
receptor positive patients were treated with endocrine therapy (none of them
received aromatase inhibitors), and despite the fact that 41% were node positive
only 3% were administered CT.

According to current treatment guidelines in breast cancer, the patients in our cohort
had a substantial “local over-treatment” and “systemic under-treatment”. Possible
consequences were a higher degree of surgery related sequelae and higher frequency
of both early and late distant recurrences. Concurrently, we saw a low frequency of
local recurrences (11%) and given the fact that so few of the patients underwent
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endocrine and/or CT gives us an exclusive opportunity to study systemically
untreated ILC, close to the natural history of ILC, in a way not possible today.

Distant recurrences resulting in BC death were common in this cohort. Many of the
recurrences occurred during 10-20 years of FU and some of them over 20 years past
diagnosis, which is also seen in other studies ***’, mirroring the chronic history of
the disease and suggesting that early detection is not directly linked to good long-
term prognosis for the individual patient. Interestingly, patients with ILC in the
extremely low-risk group (low-KiGE, pT1, pNO) had a slightly higher BCM year
10-20 (7%), compared to the first 10 years (5%) of FU indicating that, even in this
group of patients with a very good overall prognosis, improvements in the adjuvant
management is still needed in order to prevent late distant recurrences and breast
cancer death.

The main purpose of this study was to evaluate the long-term impact of different
prognostic factors in ILC, with a primary focus on Ki67 and histological grade alone,
and in combination with ER. At the time of the study, the prognostic value of Ki67
was sparsely investigated and the role of NHG was disputed, in ILC. Our results
suggest that Ki67 and NHG are important long-term prognostic factors (Figures 6
and 7), and furthermore that the combination of Ki67, NHG and ER into KiGE,
together with tumor size and nodal status (KiGE-TN) makes it possible to identify a
low-risk group of ILC patients (37%) with an excellent long-term prognosis, in
whom CT can be safely avoided and exclusion of ET considered (Figure 14).
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Figure 14. Breast cancer mortality by KiGE-TN.
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One of the strengths of the present study is the reevaluation of histopathological
type by clinical pathologists specialized in breast pathology. Another one is the long
FU time (median 21 years) since the lobular subtype are associated with an
increased risk of late recurrences. Limitations were the retrospective study design,
the absence of a ductal control group and a risk of uncontrolled bias. Furthermore,
the study sample size was small, resulting in a low analytic power.

Paper 11

In this well-characterized case series of patients with ER-positive/HER2-negative
ILC, 7% of the tumors was found to be high-AIB1 (14/208) and 93% were AR
positive (183/196). For total GPER, most tumors were negatively stained (level 0;
28%) or showed very weak (level 1; 42%) and weak (level 2; 29%) staining
intensity, whereas only three tumors had a moderate staining (level 3) and no tumor
showed a strong staining (level 4) intensity.

In univariable analyses, AIB1 (high vs. low) was associated with BCM with 10-year
FU (HR 3.2,95% CI 1.4-7.8, P =0.008), but the effect and the evidence was weaker
when analyzed with 25-year FU (HR 2.0, 95% CI1 0.87—4.8, P =0.10). AR (positive
vs. negative) showed a trend for a prognostic difference in BCM with 10-year FU
(HR 0.56, 95% CI 0.17-1.8), but the evidence was very weak (P = 0.33), and the
effect was lost when analyzed with 25-year FU (HR 0.93, 95% CI 0.29-3.0, P =
0.90). Total GPER (log-rank test for trend over the three observed categories) was
not associated with BCM neither with 10-year (P = 0.33) nor with 25-year FU (P =
0.55). Ki67 (high vs. low) and NHG (3 vs. 1 + 2) were prognostic for BCM with
10- and 25-year FU, whereas PR (positive vs. negative) was not.

Furthermore, a positive association between AIB1 and Ki67 (P = 0.002) was found.

In a multivariable analysis adjusted for age, tumor size, nodal status, NHG, Ki67,
luminal-like classification and adjuvant systemic therapy (endocrine +/- chemo),
AIB1 was associated with BCM with 10-year FU (HR 6.8, 95% CI 2.3-20, P =
0.001). However, with longer follow-up, the independent AIB1 effect was found to
level off (25-year FU: HR 3.0, 95% CI 1.1-7.8, P =0.03).

In analyses of gene expression data, high AIB1 expression was associated with
worse outcome (HR>>1.00) in two out of the three datasets (METABRIC (HR 3.1,
95% CI 1.3-7.4, P = 0.01), and Metzger Filho et al. (HR 3.6, 95% C1 0.78-16, P =
0.10)). High AR expression was associated with better outcome (HR<<1.00) in two
out of three datasets (Metzger Filho et al. (HR 0.24, 95% CI 0.07-0.87, P = 0.03)
and Michaut et al. (HR 0.35, 95% CI 0.08—1.6, P =0.18). GPER was not associated
with survival in any of the datasets.
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In the small subgroup of 14 patients (7%) with high expression of AIB1, 5 died from
breast cancer within approximately 5 years, translating to a high cumulative 5-year
mortality in this subgroup compared to that in the large subgroup of patients with
lower, or no, expression of AIB1. However, no late breast cancer deaths were
registered in this group with six patients surviving for more than 10 years and three
more than 25 years (Figure 15). Hence, the estimated mortality ratio for AIB1 (high
vs. low) was strongly dependent on FU time. In univariable analysis, it was
estimated to 3.2 and 2.0 with FU of 10 and 25 years, respectively. Furthermore, the
uncertainty in the estimated cumulative BCM for high-AIB1 was large for this group
compared to that in low-AIB1 group, as reflected by the shaded 95% point-wise
confidence bands in Figure 15. Nevertheless, with 10-year FU, AIB1 was found to
be an independent prognostic factor for BCM after adjustment for age, tumor size,
nodal status, NHG, Ki67, luminal-like classification and adjuvant systemic therapy.
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Figure 15. Breast cancer mortality by amplified in breast cancer 1 (AIB1) with 10- and 25-year follow-up.

The association between high-AIB1 and poor prognosis was in agreement with
previous BC studies from our group (including NST) '**1% but the percentage of
tumors with high-AIB1 was found to be lower in this ILC cohort.

In addition to AIB1, we studied the prognostic importance of AR and GPER, but
without finding any significant results associated with outcome for these two

63



endocrine biomarkers. The skewed distribution of both AR and GPER reduced the
power to detect prognostic effects.

Results from analyses of the publicly available gene expression ILC datasets
strengthened our IHC findings for AIB1. High expression of AIB1 was a negative
prognostic factor in two out of three datasets (HR 3.1 and HR 3.6, respectively) but
the evidence was, however, modest (P =0.01 and P = 0.10, respectively).

One of the strengths of the present study is the reevaluation of histopathological
type by clinical pathologists specialized in breast pathology. Another is the long FU
time (median 26 years), since the lobular subtype, with a high proportion of luminal
A-like tumors, were associated with an increased risk of late recurrences (e.g., in
this cohort, 21 out of 66 breast cancer deaths occurred >10 years after diagnosis).
The study also had limitations. In addition to the limited number of patients and the
skewed distribution of the experimental biomarkers, one might also argue that
TMAs are not optimal for IHC evaluation of biomarkers in ILC, with a scattered
growth pattern characterized by single file infiltrating cells. However, when
comparing the present results for ER, PR and Ki67, analyzed on TMA, with those
in the previous study (paper 1) using whole tissue sections instead, essentially the
same results were obtained for prognostic considerations.

Paper III

In the NKBC cohort, comparing between 2921 patients with pure ILC and 16,711
with pure NST, patients with ILC were older, had a lower detection rate with
screening mammography and more often had mastectomy. Their tumors were larger,
more often multifocal and the metastatic burden in ALNs higher. Additionally, the
proportion of luminal A-like tumors was higher, while other subtypes were less
frequent in ILC compared to NST (all P-values <0.001). The characteristics of the
mixed ILC/NST group (n=507) is reported separately. Briefly, the tumors of mixed
type seemed to have a biomarker profile closer to pure ILC than to pure NST.

In the St. Gallen 2019 cohort (ILC; n=355, NST; n=1687), the number of excised
SLNs and LNs did not differ by histopathological subtype. However, >1 non-SLNMs
was more common in ILC than in NST (170 [48%] vs. 577 [34%]), P <0.001; odds
ratio [OR] 1.77, 95% CI 1.40-2.23) and the prevalence of non-SLNMs was higher
(median, interquartile range [IQR]: 3, 1-6 vs. 2, 1-3). The same pattern was seen for
>4 ALNMs (102 [29%] vs. 232 [4%, P <0.001; OR 2.53, 95% CI 1.93-3.31).

In the Z0011 cohort (ILC; n=111, NST; n=954), similar results were seen with >1
non-SLNMs (40% vs. 29%, P = 0.03; OR 1.58, 95% CI 1.05-2.37), prevalence of
non-SLNMs (median, IQR: 3,1-8 vs. 2,1-3) and >4 ALNMs (24% vs. 10%,
P <0.001; OR 2.98, 95% CI 1.84-4.83).
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In the St. Gallen 2019 cohort, patients with luminal A-like subtype and >4 ALNMs
were overrepresented in ILC compared to the NST cases (n=52 [17%] vs. n=46
[3%], P <0.001; OR 6.35 95% CI14.18-9.65). Similar results were seen in the Z0011
cohort (n=15 [17%] vs. n=40 [5%], P <0.001; OR 4.01, 95% CI 2.11-7.60).

The odds of non-SLNM was higher for ILC than for NST also after adjustment for
other relevant predictors including age, detection by screening mammography,
tumor size, multifocality, number and size of SLNMs and surrogate molecular
subtypes both in the St. Gallen 2019 (OR 1.42, 95% CI 1.07-1.88, P =0.02) and in
the Z0011 cohort (OR 1.64, 95% CI 1.01-2.65, P = 0.04). Additionally, the odds of
>4 ALNM was higher in ILC than in NST after adjustment for the same variables
as above, both in the St. Gallen 2019 (OR 2.08, 95% CI 1.47-2.93, P <0.001) and
in the Z0011 cohort (OR 2.76, 95% CI 1.1.48-5.13, P=0.001) (Table 1).

Table 1. Multivariable analysis including patients eligible for omission of completion ALND according to the St. Gallen
2019 International Consensus Guidelines?

Variables Non-SLN metastases yes/no ALN metastases 24 vs. <4
OR (95% Cl) P value® OR (95% Cl) P value

Histopathological type 0.04¢ <0.001¢

ILC vs. NST 1.42 (1.07-1.88) 0.02 2.08 (1.47-2.93) <0.001

Mixed ILC/NST vs. NST 0.83 (0.44-1.56) 0.56 0.82 (0.33-2.05) 0.68
Age (per year) 1.01 (1.00-1.01) 0.18 1.01 (1.00-1.02) 0.11
Detection by screening mammography

Yes vs. no 0.86 (0.70-1.06) 0.15 0.76 (0.57-1.02) 0.06
T-stage <0.001¢ <0.001¢

T2vs. T1 1.43 (1.15-1.78) 0.001 1.81(1.33-2.45) <0.001

T3vs. T1 3.22 (2.06-5.02) <0.001 3.41(2.06-5.64) <0.001
Multifocality

Yes vs. no 1.44 (1.15-1.81) 0.002 1.39 (1.03-1.87) 0.03
SLN metastases

2vs. 1 1.50 (1.19-1.89) 0.001 2.79 (2.11-3.68) <0.001
SLN macrometastasis®

Yes vs. no 2.52 (1.72-3.70) <0.001 3.89 (1.87-8.09) <0.001
Surrogate molecular subtypes® 0.22¢ 0.12¢

Luminal B-like vs. Luminal A-like 1.24 (0.98-1.56) 0.07 1.51 (1.10-2.08) 0.01

HER?2 positive vs. Luminal A-like 1.30 (0.95-1.79) 0.10 1.90 (1.25-2.88) 0.003

Triple-negative vs. Luminal A-like 1.06 (0.69-1.64) 0.78 1.25 (0.69-2.26) 0.46

Abbreviations: Cl = confidence interval, ALN = axillary lymph node, ALND = axillary lymph node dissection, BCT =
breast conservation therapy, cNO = clinically node negative, ER = estrogen receptor, HER2 = human epidermal growth
factor receptor 2, SLN = sentinel lymph node, Ki67 = proliferation marker IHC = immunohistochemical

aSt. Gallen 2019 International Consensus Guidelines for omission of completion ALND: T1-3, cNO, 1-2 SLN metastases,
BCT or mastectomy

bP-value from logistic regression

¢Overall test of the factor

4SLN macrometastasis: >2 mm tumor deposit

¢Based on a modification of the St. Gallen 2019 guidelines and the classification proposed by Maisonneuve et al. the
tumors were defined as: luminal A-like if (1) ER+, HER2-, NHG 1 or (2) ER+, HER2-, NHG 2, Ki67 low or (3) ER+,
HER2-, NHG 2, Ki67 intermediate and PR 220%; luminal B-like if (1) ER+, HER2-, NHG 3 or (2) ER+, HER2-, NHG 2,
Ki67 high or (3) ER+, HER2-, NHG 2, Ki67 intermediate and PR<20%; HER2 positive (all HER2+ independent of ER,
NHG, Ki67 and PR status); triple-negative (ER-, PR- and HER2-)
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This was one of the largest studies exploring ALN status in ILC vs. NST in patients
meeting the criteria for omission of cALND according to St. Gallen 2019 and
Z0011. All tumor deposits were assessed according to current classification for
ITCs, micro- and macrometastasis *°. Studies including retrospective registry data
may be considered unreliable, given the risks of incomplete and misclassified data.
In the present study, however, the original dataset was complete for
histopathological type in all except 54 cases and data on nodal status was found to
be incongruent in 1144/23,254 patients. Moreover, there was no data on gross
extracapsular extension (ECE) or vascular invasion and risk factors for ALN
metastases.

This large population-based Swedish registry study showed that when applying the
St. Gallen 2019 guidelines for omitting ¢cALND, the presence of non-SLN
metastases and the proportion of >4 ALNMs were higher in ILC than in NST.
Similar results were seen for the narrower but more generally accepted Z0011
criteria for abstaining cALND. Importantly, both in the St. Gallen 2019 and Z0011
cohort, ILC was an independent predictor of non-SLNM and >4 ALNMs after
adjustment for validated predictors of nonsentinel node metastases.

BC classified as luminal, A-like with >4 ALNMs was overrepresented in patients
with ILC compared to NST (St. Gallen 2019 cohort: 17% vs. 3%, Z0011 cohort:
17% vs. 5%, respectively). In patients with this subtype, treatment recommendation
on adjuvant chemotherapy depends on ALN staging information according to the
St. Gallen 2019 consensus guidelines even in the era of genomic testing. Our results
suggest that when applying the St. Gallen 2019 or the Z0011 criteria for omitting
cALND, approximately 1 out of 6 ILC and 1 out of 25 NST patients will not be
offered adjuvant chemotherapy as a result of understaging of the axilla. Whether
these findings have implications on clinical outcome needs to be investigated
further. However, a preoperative identification of ILC and an accurate axillary
staging is important, and a multidisciplinary discussion regarding omission of
cALND is encouraged for all patients with ILC.

Paper IV

At the time of database lock, 9% of the patients were progression-free and 30% were
alive. The progression and mortality rates for patients with ILC compared to NST
were similar over the whole FU period (PFS: HR 0.89, 95% CI1 0.57-1.4, P =0.59;
OS: HR 0.99, 95% CI 0.60-1.6, P = 0.96), but during the first two years, PFS and
OS were higher among those with ILC. Compared to NST, metastatic ILC cases
were more often luminal A subtype (71% vs. 31%; P = 0.001) and axillary node-
positive (92% vs. 64%; P = 0.007) at the time of primary diagnosis. They presented
with three or more metastatic sites in 14% vs. 32% (P = 0.10), visceral metastases
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in 29% vs. 65% (P =0.001) and solitary bone metastases in 39% vs. 22% (P =0.09)
for metastatic ILC and NST cases, respectively. First-line systemic treatment was
similar among both ILC and NST cases.

A CTC count of five or more was more common at BL in ILC than in NST cases
(22/28 vs. 49/107; P = 0.003), a difference corresponding to an OR for CTC
positivity of 4.3 (95% CI: 1.6-12). The evidence was strong (P <0.001) for a
difference in the distribution of CTC counts between ILC (median 70, IQR: 121)
and NST cases (median 2, IQR: 32) at BL (Figure 16), and the presence of CTC
clusters was also more common among ILC cases (36% vs. 18%, P = 0.07).
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Figure 16. Circulating tumor cell (CTC) count at baseline by histopathological type. Abbreviations: ILC, invasive
lobular carcinoma; NST, invasive ductal carcinoma of no special type; CTC count, number of CTCs per 7.5 mL blood.

Higher CA 15-3 values (median, IQR) were observed in ILC than in NST cases both
at BL (392, 1132 vs. 91, 230, P = 0.004) and after one month of systemic treatment
(345, 650 vs. 61, 219, p = 0.007).

The evidence for CTC >5 as a prognostic factor for PFS (HR 1.5, 95% CI 0.55-4.0,
P =0.44) and OS (HR 2.4, 95% CI 0.71-8.3, P = 0.16) in ILC cases was weak. In
contrast, there was strong evidence of prognostic effects for the established cut-off
CTC >5 in the considerably larger subgroup of NST cases (PFS: HR 1.7, 95% CI
1.2-2.6, P=0.007; OS: HR 2.1, 95% CI 1.3-3.3, P=0.002). The prognostic impact
of CTC count on PFS and OS in ILC cases was stronger with higher cut-off values
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(CTC >20: HR 3.0, 95% CI 1.3-6.8, P = 0.01, and HR 3.1, 95% CI 1.2-8.3, P =
0.02, respectively) (CTC >80: HR 3.6, 95% CI 1.5-8.8, P=0.004, and HR 5.9, 95%
CI 2.0-18, P =0.002, respectively). The prognostic effect was essentially the same
among NST cases for these higher cut-off values (Figure 17).

The presence of one or more CTC clusters was a negative prognostic factor
associated with impaired survival among ILC cases (PFS: HR 4.6, 95% CI 1.7-12,
P =0.003; OS: HR 4.9, 95% CI 1.7-14, P = 0.003), whereas the effect was weaker
in NST cases (PFS: HR 1.2, 95% CI 0.69-2.0, P =0.55; OS: HR 1.9, 95% CI 1.1-
3.3, P=0.02).

The presence of CTC clusters in ILC cases was highly correlated with a CTC count
>80, leading to multicollinearity problems in the Cox models that included both
variables. Hence, the support for independent prognostic value of CTC clusters was
weak in the present study.

The evidence for differences in PFS and OS was weak among both ILC and NST
cases with a CA 15-3 cut-off of >30 U/mL. With higher cut-off values (=100, >200
and >400 U/mL), stronger evidence for negative prognostic effects was observed
for OS but not for PFS in both ILC and NST cases, with the most pronounced effect
evident in NST cases.

The CTC count at BL and presence of CTC clusters before the start of first-line
treatment was remarkably higher among ILC cases. Despite this finding, we could
for the first time show that the evidence for a prognostic value of the validated CTC
cut-off (>5) was weaker in this group (Figure 16). However, the prognostic impact
was stronger in ILC with higher CTC cut-off values. The longitudinal design of the
study enabled us to show a decline in CTCs and CTC clusters after one month of
systemic treatment in both NST and ILC patient groups (Figure 16). Importantly, a
decline in CTCs was translated into improved outcomes in both ILC and NST
patients compared with no change in CTC status. This finding supports the notion
that a change in CTC status reflects the effect of systemic therapy even after longer
follow-up time (Figure 18).
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Figure 18. Distribution of CTC counts at baseline and with serial sampling at different time points. Spaghetti plots
showing number of CTCs (per 7.5 mL blood) per patient from baseline (BL) to 6 months of follow-up for invasive
lobular carcinoma (ILC), left panel (A), and invasive ductal carcinoma of no special type (NST), right panel (B). The p-
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signed-rank test). Note that the scale on the y-axis is logarithmic and that the y-axis has been broken to enable
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connects the medians at the four time points.

Previous publications on CTCs have, for the most part, investigated their
distribution and prognostic effects in BC subtypes based either on IHC or gene
expression assay classification, but differences related to histopathological type
have, to a large extent, been overlooked.

Numerous CTC studies based on mixed histopathological BC types have shown
significant prognostic effects when classifying MBCs with <5 CTCs as a better

prognostic outcome (MBCingolent) and MBCs with >5 CTCs as worse prognostic
outcome (MBCggressive) according to the CellSearch technique '**'*. This cut-off
originates from the median CTC count in a seminal CTC study by Cristofanilli et
al. ',

Our analyses showed a negative prognostic CTC effect in both ILC and NST cases;
however, the evidence for a prognostic value of the generally accepted CTC cut-off
(=5) was weaker in the substantially smaller ILC subgroup. A higher proportion of
ILC than NST cases (79% vs. 46%, respectively) was classified as MBCjggressive,
indicating a potentially worse prognosis for metastatic ILC. Despite this, the
survival analyses showed similar prognosis for metastatic ILC and NST patients.

There were increasing prognostic effects associated with higher CTC cut-offs (=20
and >80). The negative prognostic effect, as well as the evidence thereof, was
stronger in the ILC subgroup, suggesting that a higher cut-off based on the median
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CTC count in ILC might be more suitable in ILC cases to better discriminate
between the MBClndolent and MBCaggresgive fOI‘mS.

In this study, the presence of CTC clusters was more common in ILC than in NST
cases. This finding is paradoxical, since previous studies suggested that CTC
clusters had strong cell—cell contacts held together through E-cadherin and catenin-
dependent intercellular adhesion, where high levels of plakoglobin (y-catenin) were
identified as one of the most important factors for CTC cluster formation '7,
whereas absence or dysfunction of these proteins is one of the cardinal features of

ILCs *°.

The strengths of this study include its prospective monitoring design, with a
predefined protocol, and the composition of the cohort including only previously
untreated patients with MBC scheduled for first-line systemic treatment. Few
patients were lost to FU, and the evaluation process, with serial CTC sampling, was
executed based on validated state-of-the-art techniques. Limitations include the
relatively small study sample size, indicating that the study was not powered to
detect clinically relevant prognostic differences among ILC cases. Another
limitation is that no phenotypic characterization of CTCs and CTC clusters was
performed.
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General discussion

Breast cancer is one of the most thoroughly studied diseases in modern medicine,
but in spite of this, ILC stands out as a persistently understudied subgroup. In large
RCTs including patients with mixed histopathological BC types, results from
subgroup analyses, where ILC were compared to NST, were rarely reported.
Additionally, in the era of molecular subtyping of BC, the potential clinical
significance of histopathological type is to a large extent overlooked.

ILC studies are relatively few, often retrospective and the sample sizes are small.
Given these conditions, the likelihood of detecting clinically relevant prognostic
impact of different patient and tumor characteristics in ILC, and furthermore, to
distinguish between true effects and random variations, is reduced **°. Generally,
findings in these types of ILC studies needs to be interpreted carefully, and
subsequent larger studies are necessary to test the reproducibility of the results.
Unfortunately, these highly requested confirmation studies are seldom conducted.
Hence, the treatment recommendations in clinical guidelines for BC, are less
validated for patients with ILC compared to those for NST patients.

In this thesis, different aspects of primary and metastatic ILC have been
investigated, either in a cohort consisting of exclusively ILC patients (paper I, II),
or in cohorts including both ILC and NST patients (paper III, [V). The overall aim
was to investigate previously infrequently studied prognostic factors and features of
metastatic dissemination in ILC, and to compare the results with those seen in
patients with NST.

Overall, distributional differences in ILC compared to NST, among a variety of the
variables were identified, and in spite of this, in those variables harboring prognostic
information, similar effects were seen in either of the two histopathological types.

Cut-off values for well-established and experimental prognostic factors in this thesis
(paper I, II, IV) were based on previous BC studies including mixed
histopathological BC types (comprising ~80% NST). Whether these predefined cut-
off values are equally prognostic for all histopathological BC types, or if adjusted
ILC-specific cut-off values are more applicable, is hitherto insufficiently studied,
and needs to be evaluated in further studies.

The luminal A(-like) subtype is overrepresented in ILC compared to NST °%*, This
is a commonly suggested confounding factor for explaining much of the observed
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differences in clinical behavior, treatment response and late recurrences, between
the two types, although no clear data to confirm this assumption have been reported.

In this thesis, the results confirmed that the luminal A(-like) subtype was more
commonly found in ILC compared to NST. However, CTC count (paper V) and
axillary metastatic tumor burden (paper III) was still significantly higher in ILC
after adjustment for luminal A(-like) subtype.

Many challenges in the diagnostic work-up and clinical management of ILC still
remain.

Early detection is a key component in the diagnostic work-up of BC. The stage of
disease at diagnosis has implications on the forthcoming clinical management and
prognosis. The detection rate of primary tumors with lobular vs. ductal
histopathology is lower and the same is true for ALNMs 2¢?%9%1% Fyrthermore,
ILCs are often clinically nonpalpable and if a lobular cancer is hiding in a dense
breast, early detection can be an extraordinary diagnostic challenge.

Detection of ILCs with breast MRI has a higher sensitivity than mammography and
ultrasound **%, although this imaging technique is time-consuming, quite
expensive, and its relatively low specificity is a disadvantage. The use of MRI in
the diagnostic work-up is an important complementary imaging technique,
especially in patients with ILC.

Digital breast tomosynthesis is a new 3-D imaging technique. Studies indicated that
tomosynthesis may be particularly useful for the identification of ILC '%® and
routine use of tomosynthesis in the clinic, might be a new standard of care in the
near future.

Metastatic ILC has a high rate of bone only metastases and overrepresentation of
diffuse metastatic infiltration in atypical/unusual sites '*>'**. Due to these features,
diagnostics, monitoring, and treatment evaluation are considered more difficult in
metastatic ILC compared to NST. Studies evaluating distribution of metastatic sites
and total tumor burden in metastatic ILC, show that the detection rate of metastases
is clearly lower with physical examination and diagnostic imaging compared to that
made with autopsy findings, indicating that a proportion of patients have clinically
occult metastatic manifestations and that current imaging techniques and diagnostic

tools are suboptimal in detecting micrometastatic lesions '**.

Liquid biopsies (e.g. CTC "6 ctDNA 2%22) where clinically useful tumor
information can be derived from a blood sample, are rapidly emerging techniques
with great potential as diagnostic-, monitoring- and treatment-evaluation tools in the
clinic.

In this thesis (paper 1V) we showed that CTCs analyzed with the CellSearch
technique harbored prognostic information in metastatic ILC and NST, and had a
potential as a monitoring tool for treatment response. Interestingly, in an exploratory
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analysis, a CTC increase in ILC indicated disease progression before detection with
diagnostic imaging, in four out of eight cases, whereas no such trend was found in
NST. These results must be carefully interpreted but could be considered
hypothesis-generating for analyses in subsequent studies of CTCs as a surrogate
marker for disease progression in BC.

To date, there are no specific treatment recommendations based on
histopathological type. Molecular/surrogate molecular subtyping is extensively
studied and considered important, but the role of histopathological type in the
adjuvant treatment decision-making is largely unknown. The majority of ILCs are
classified as luminal A(-like) subtype. ET is a well-established adjuvant treatment
for patients with luminal A(-like) BC, whereas the addition of CT, and the potential
benefit thereof is debated, especially in those with luminal A(-like) ILC **%%%,
Presumably, most of these patients have little or no chemo-benefit, although a few
might have, and the question is: “who is who”?

Indeed, the only indication for CT in luminal A(-like) BC, according to current
treatment guidelines '*''°, is the presence of >4 ALNM. By using gene expression
assays additional information of recurrence risk and potential chemo-benefit can be
obtained. These tests are validated for clinical use based on the results from studies
comprising patients with mixed histopathological BC types. The recurrence scores
for ILC compared to NST was generally lower in these tests, and their applicability
in patients with ILC was sparsely studied **¢, Importantly, to date, none of these
tests has been validated in BCs with >4 axillary lymph node metastases or, for
estimation of long-term risk of distant recurrence (>10 years past diagnosis) (a
clinical feature typical for ILC). According to the results presented in this thesis
(paper I11), another obstacle is the current surgical axillary lymph node management
14110 " \where omission of cALND in patients with luminal A(-like) BC and 1-2
SLNMs might hamper clinical information important for decision-making on
adjuvant CT in a disproportionally large proportion of ILC cases compared to NST
(17% vs. 4%).

Moreover, in a study by Colleoni et al. the 5-year DFS and OS were poorer in
patients with luminal-like ILC compared to NST *. These patients underwent
adjuvant systemic treatment in accordance with modern guidelines and a higher
proportion of ILC compared to NST patients had ET alone, and the addition of CT
was thus more uncommon. These results indicate that the adjuvant ET and/or CT
needs to be improved and better tailored for patients with luminal-like ILC and
further studies addressing this issue are warranted.
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Conclusions

Ki67 and NHG had a long-term prognostic impact on breast cancer
mortality in patients with exclusively ILC. The combination of Ki67, NHG
and ER into KiGE, together with tumor size and nodal status (KiGE-TN)
identified a large group of ILC patients with such an excellent long-term
prognosis for whom CT could be safely avoided, and exclusion of endocrine
therapy considered.

AIB1 was a new putative prognostic factor in ER-positive/HER2-negative
ILC, whereas AR and GPER showed no prognostic effect.

ILC had an independently higher risk of non-SLNM and >4 ALNMs
compared to NST. Omission of cALND in patients with luminal A-like ILC
with 1-2 SLNMs warrants future attention as it might hamper clinical
information important for guidance in the decision-making of adjuvant
treatment.

There were different distributional and prognostic CTC features in
metastatic ILC and NST cases. The number of CTCs and CTC clusters were
higher in ILC than in NST cases before the start of first-line systemic
treatment, and a higher CTC cut-off could be considered for more accurate
prognostication in metastatic ILC cases. Finally, eradication of CTCs from
BL to three months predicted favorable long-term outcome and indicated
treatment response in both ILC and NST cases.

In summary, putting together the results derived from this thesis and the current
knowledge concerning ILC, the final conclusion is that ILC compared to NST is a
“same same but different disease”.

Same diagnostic work-up, clinical management and follow-up.
Same overall long-term prognosis and survival.

Different clinicopathological and genomic features, treatment response and
pattern of recurrence.
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Future perspectives

Lobular breast cancer is a disease where challenging unmet needs still persist. ILC
has been described by ILC researchers as “an initially indolent but slowly

progressive disease

’ 34 95 26

and “a disease with ambivalent clinical characteristics” “°,

indicating that ILC can be somewhat of a “wolf in a sheep’s clothing”.

These are my thoughts on future lobular breast cancer perspectives:

The general awareness of ILC being a special disease must be enhanced,
and ILC research needs to be promoted. The work done by patient advocate
organizations and by ILC researchers, collaborating in consortiums and
arranging international lobular breast cancer symposiums, is invaluable.
Further similar initiatives are highly welcomed.

Overall, an increase in the total amount of studies focusing exclusively on
ILC are crucial. Further small hypothesis-generating exploratory studies are
important. Clinically important findings must be followed up in larger
confirmatory ILC studies in a much higher degree than what is the case
today. Pooled analysis of ILC data and meta-analysis of ILC studies are
encouraged. In order to get large data samples, a continuous work led by
international collaborations is important. In recent years, very promising
initiatives have been started (LBCA, ELBCC), and hopefully these can
yield valuable results in the near future. In large RCTs, the planning of
subgroup analyses of histopathological types is important to identify
similarities and differences between ILC and NST.

The use of liquid biopsies as clinical tools for prognostication and disease
monitoring in ILC is exciting. The validated prognostic CTC cut-off for the
CellSearch system is 5. The results in this thesis (paper 1V) indicated that a
higher cut-off was more prognostic for ILC, and further studies confirming
this finding are warranted. Studies evaluating CTCs as a
surrogate/complementary marker to diagnostic imaging for disease
monitoring in metastatic ILC, and especially those with bone only
metastasis, is an interesting area of investigation. The CellSearch technique
uses the epithelial cell adhesion molecule (EpCAM) for the detection of
CTCs and at least one study has shown that EpCAM expression was lower
in ILC than in NST **®, Results from studies exploring the distributions of
phenotypically heterogenous CTCs in metastatic ILC compared to NST,
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using label-free CTC capturing techniques (e.g. microfluid and size-based
capturing) would also be valuable.

Based on the findings in this thesis (paper III), a study investigating the
long-term (>10 years of FU) prognostic impact of current axillary lymph
node management with omission cALND according to the Z0011 and St.
Gallen 2019 criteria, in luminal A(-like) ILC vs. NST is strongly
encouraged.

Hitherto, there are no available results from studies investigating
distributional, prognostic and monitoring features of ctDNA in metastatic
ILC compared to NST. Future reports from these types of studies would be
of great interest.

The hallmark of ILC is the mutated/dysfunctional CDHI gene and the
following lack of cell-cell adhesion molecule E-cadherin. Many of the
unique features and the atypical clinical behavior of ILC are proposed to be
related to this deficiency. More studies investigating the role of different
adhesion molecules, epithelial to mesenchymal transition factors *** and
stroma related proteins involved in the tumor microenvironment >**!
would be of great value for the deeper understanding of the underlying
biology of ILC.

Further studies for establishing the most optimal endocrine therapy in ILC
are warranted.

In one study by Metzger-Filho et al., letrozole has shown a significant
treatment benefit over tamoxifen in ILC. Although its exploratory
retrospective nature, this study has had a significant clinical impact 7.
Confirmatory studies are highly anticipated, but until now no such results
have been presented.

Late recurrences (>10 years past diagnosis) are overrepresented in ILC.
Prevention of late recurrences is a clinical challenge. Studies investigating
the impact on late recurrences with an “ultra-extended” (>10 years) or
lifelong ET in women with ILC compared to NST would be of clinical
interest.

An interesting approach to identify ILC patients at a high risk of late
recurrence, could be to design a study where a liquid biopsy (e.g. CTC,
ctDNA) is analyzed at 5 and 10 years past diagnosis and those patients with
a positive liquid biopsy test are randomized between (1) a second round of
adjuvant treatment (preferably an endocrine regimen with the addition of a
CDK4/6 inhibitor) and (2) no additional treatment. A previous study
analysing DTCs in BC with a similar study design and treatment rationale
have shown interesting results'®®.



The combination of ET and a CDK4/6 inhibitor has shown prolonged
survival compared to ET alone in MBC #*?>. Adjuvant treatment for 2 years
with the CDK4/6 inhibitor abemaciclib in combination with standard ET
for women with primary BC (1-3 ALNM and tumor size >5 cm or >4
ALNM and any tumor size), in the monarchE trial, showed a significantly
higher invasive DFS already after 2 years of FU indicating that this new
endocrine treatment approach could potentially be a new treatment
standard. Longer follow-up and further studies are needed, and results from
subgroup analyses of the particular effect in ILC would be of great interest.
One ongoing interesting study addressing this issue is the PELOPS trial,
investigating the effect of neoadjuvant ET (tamoxifen or letrozole) +/-
CDK4/6 inhibitor palbociclib in a subsets of patients with ILC and NST .

The future role of PI3K inhibitors '** in metastatic ILC and subsequently in
the adjuvant/neoadjuvant setting is exciting. PIK3CA gene is highly
mutated in ILC and could be a promising therapeutic target.

One ongoing interesting study is the ROLO trial investigating the effect of
ET with fulvestrant in combination with the ROS-1 inhibitor crizotinib in
E-cadherin defective ER+ metastatic ILC. A preclinical study has shown
that tumor cells with a mutated CDHI gene and lack of E-cadherin were
dependent on a functional ROS-1 protein to survive ***.

The first steps of using immunotherapy in MBC have been taken, and
prolonged survival has been shown in triple-negative MBC for a treatment
combination of immunotherapy and CT (atezolizumab + nab-paclitaxel).
ILC is generally considered as a low-immunogenic cancer. Nevertheless,
further studies, where the role of immunotherapy and other immunological
treatment approaches (e.g. TILs) are investigated in ILC are encouraged.

Clinically available risk assessment and chemo-benefit prediciting gene
expression assays in BC were validated on mixed histopathological BC
types where the majority of the tumors were NSTs. The development of
specific lobular genomic signatures is ongoing and interesting results from
LobSig * (194 meta-gene assay) and Genomic Grade °* (97-gene
signature) have been presented in recent years and hopefully there are soon
more to come in this area of research.

Finally, BC is a global disease, but unfortunately the new technological and
pharmacological enhancements are not accessible for everyone. Hopefully
in the future a more equal and widely available BC care will become a
reality not only in the Western word but also in Developing countries.
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