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Abstract

Background: Breast cancer is the most common malignancy in women and one of the
leading causes of cancer death worldwide. HER2 expressing breast cancer can be targeted
with several different established therapeutic options, therefore definition and assessment of
HER2 positivity is of clinical relevance.

Materials and Methods: We conducted a single-center, retrospective data analysis at the
Division of Oncology in Graz. Patients were eligible having invasive breast cancer with a
HER2 IHC score of 2+ or 3+ and being diagnosed or treated for breast cancer at our
institution between 2006 and 2016. Our aim was to assess the patient composition regarding
molecular subtypes and treatment setting. Co-primary end point was clinical outcome in
different subgroups. Secondary end point was to assess the number of patients affected by
the change in ASCO/CAP guidelines regarding HER2 positivity and whether this element
influenced therapeutic decisions and outcomes.

Results: Of 611 patients included, 353 had a score of 2+ and 258 of 3+, resulting in 343
HER?2 positive, 264 HER2 negative, i.e. 230 luminal-like and 34 triple-negative subtypes,
and 4 unknown cases. Of HER2 positive patients, 168 were in adjuvant, 142 in neoadjuvant,
and 33 in palliative setting, whereas 155, 77, and 32 HER2 negative patients were in these
settings, respectively. OS at 10 years in (neo)adjuvant setting was more than 75%, OS at 5
years in palliative setting was less than 25%. OS at 10 years for HER2 positive patients in
(neo)adjuvant setting was significantly better when patients received HER?2 targeted therapy
(81.38% and 63.48%; p<0.005). Of 353 patients with a score of 2+, 12 patients had a
HER2/CEP17 ratio between 2.0 and 2.2 and were therefore affected by the guideline change.
Due to the low case number, the influence on therapeutic decisions and outcomes could not
be determined.

Conclusion: Breast cancer patients with a HER2 THC score of 2+ and 3+ are a diverse
population in different settings. In our study, HER2 targeted therapy was a crucial
component in treating HER2 positive patients, leading to significant changes in outcomes.

The clinical importance of the change of the ASCO/CAP guidelines could not be determined.
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Zusammenfassung

Hintergrund: Brustkrebs ist die hiufigste Krebsform bei Frauen und eine der fiihrenden
Krebstodesursachen weltweit. Da HER2 positiver Brustkrebs mit unterschiedlichen
etablierten Therapieoptionen behandelt werden kann, ist die Definition und die Erfassung
von HER2 Positivitét klinisch relevant.

Material und Methoden: Wir fiihrten an der Klinischen Abteilung fiir Onkologie in Graz
eine retrospektive Datenanalyse durch. Eingeschlossen wurden PatientInnen, welche an
invasivem Brustkrebs mit einem HER2 IHC-Score von 2+ oder 3+ erkrankt waren und
zwischen 2006 und 2016 an unserer Institution mit Brustkrebs diagnostiziert oder deshalb
behandelt wurden. Unser Ziel war es, die Zusammensetzung dieser PatientInnen hinsichtlich
der molekularen Subtypen und des Behandlungssettings zu beurteilen. Co-primérer
Endpunkt waren klinische Outcome-Parameter in verschiedenen Untergruppen. Der
sekundire Endpunkt war die Erhebung der PatientInnenzahl, die von der Anderung der
ASCO/CAP-Leitlinien beziiglich der HER2-Positivitit betroffen war, und die Beurteilung,
ob diese Anderung therapeutische Entscheidungen und Ergebnisse beeinflusste.
Ergebnisse: Von 611 Patientlnnen, die in die Analyse einbezogen wurden, hatten 353 einen
HER2 IHC-Score von 2+ und 258 von 3+, woraus sich 343 HER2-positive, 264 HER2-
negative, d.h. 230 luminal-like und 34 triple-negative Subtypen, und 4 unbekannte Félle
ergaben. Von den HER2-positiven Patientlnnen befanden sich 168 in adjuvantem, 142 in
neoadjuvantem und 33 in palliativem Setting, wéhrend sich 155, 77 und 32 HER2-negative
PatientInnen in ebendiesen Settings befanden. Die Gesamtiiberlebensrate nach 10 Jahren in
(neo)adjuvantem Setting betrug mehr als 75%, die Gesamtiiberlebensrate nach 5 Jahren in
palliativem Setting weniger als 25%. Die Gesamtiiberlebensrate nach 10 Jahren fiir HER2-
positive Patientlnnen in (neo-)adjuvantem Setting war signifikant besser, wenn die
PatientInnen eine gezielte HER2-Therapie erhielten (81,38% und 63,48%; p<0,005). Von
353 Patientlnnen mit einem HER2 IHC-Score von 2+ wiesen 12 Patientlnnen ein
HER2/CEP17-Verhiltnis zwischen 2,0 und 2,2 auf und waren daher von der Anderung der
Leitlinien betroffen. Aufgrund der geringen Fallzahl konnte der Einfluss auf therapeutische
Entscheidungen und Ergebnisse nicht ermittelt werden.

Fazit: Brustkrebspatientinnen mit einem HER2 IHC-Score von 2+ und 3+ stellen eine
vielfdltige Population in unterschiedlichen Settings dar. In unserer Studie war die
zielgerichtete HER2-Therapie eine entscheidende Komponente bei der Behandlung HER2-
positiver PatientInnen und fiihrte zu einem signifikanten Uberlebensvorteil. Die klinische

Bedeutung der Anderung der ASCO/CAP-Leitlinien konnte nicht bestimmt werden.
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1 Introduction

Breast carcinoma is a clonal disease which can exist for years as non-invasive or invasive
but non-metastatic before being detected.! It emerges from epithelial cells of the human

mammae, in most cases from the cells of the terminal duct lobular unit.?

1.1 Epidemiology

Breast cancer is the most common malignancy in women and one of the leading causes of
cancer death worldwide.>* In 2019, there will be 271,270 estimated new cases and 42,260
estimated deaths (numbers for both sexes) due to breast cancer in the US.> While the

incidence remains relatively stable®, mortality rates have declined considerably.!

1.2 Etiology

One main risk factor for breast cancer is age, as shown by a rising incidence with age but
with a decreasing slope at the beginning of menopause. Hormonal factors, e.g. early
menarche, late age at menopause, nulliparity or late age at first pregnancy, play a substantial
role. Furthermore, hormone replacement therapy with combined estrogen and progesterone
increases breast cancer risk.'

In postmenopausal women, increased body weight leads to a rise in incidence of breast
cancer, whereas physical activity lowers the risk in this subgroup as well as in
premenopausal women.? Another risk factor is alcohol, which shows a dose-response
relationship, but increases breast cancer risk even at low levels of consumption.® Both active
and passive smoking lead to a modest increase in risk.’

Apart from a seemingly multi-gene germline susceptibility which can explain family history
as a moderate risk factor, properly inherited single nucleotide polymorphisms lead to a
remarkably high lifetime risk of breast cancer. Breast related cancer antigen 1 and 2 (BRCAL1
and 2) are the most relevant of these, leading to a substantially higher rate of breast cancer

and ovarian cancer in affected patients.'

1.3 Localization

About half of all cases of breast cancer occur in the upper outer quadrant of the breast, while

the lower inner quadrant is least frequently affected.’




1.4 Clinical Presentation

Breast cancer is difficult to distinguish from various types of benign breast disease by signs
and symptoms alone. Common presentations include breast deformities, lumps which may
be associated with pain, and nipple abnormalities, i.e. inversion, discharge, retraction, or
eczema.>*> The introduction of mammography as a screening method has led to an increase

in patients presenting asymptomatically.?

1.5 Histological Subtypes

Based on histology, there are several different subtypes of breast cancer: invasive ductal
carcinoma (IDC) not otherwise specified and invasive lobular carcinoma (ILC) are the most
common, while numerous other special types of breast cancer include: tubular carcinoma,
mucinous carcinoma, signet-ring cell carcinoma, mucinous cystadenocarcinoma,
carcinomas with neuroendocrine differentiation, invasive papillary carcinoma, invasive
micropapillary carcinoma, apocrine carcinoma, secretory carcinoma, adenoid cystic
carcinoma, acinic cell carcinoma, sebaceous carcinoma, invasive cribriform carcinoma,
medullary carcinoma, metaplastic carcinomas, clear cell carcinoma, lipid-rich carcinoma,
metastatic carcinoma, and inflammatory carcinoma.® IDC, the largest subset, is a
heterogenous group of tumors without the features of a specific subgroup.? One
characteristic of ILC, which accounts for five to fifteen percent of all invasive breast
cancers,’ is the absence of cohesion within the cells, and about 50% of all cases show
mutations in E-cadherin gene.” A diagnosis of inflammatory carcinoma is based on
lymphangiosis carcinomatosa cutis,® but more commonly it is a clinical decision which
describes the inflamed appearance of the skin.” Metastatic carcinoma does not involve a
primary carcinoma of breast tissue, but metastases from a different primary tumor site to the

breast.
1.6 Breast Biomarkers

1.6.1 Hormone Receptors

Estrogen is a key player in the regulation of growth and differentiation of breast tissue.
Values of estrogen receptor together with progesterone receptor work as markers for the
response to endocrine therapies.? These therapies can modulate the growth of breast cancer,
slowing or even stopping the progression of hormone receptor positive tumors.!” The

American Society of Clinical Oncology (ASCO) and the College of American Pathologists




(CAP) have issued guidelines on hormone receptor testing in 2010, recommending
assessments of estrogen and progesterone receptor values in every invasive breast cancer as

well as in recurring carcinomas.'!

1.6.2 Grade

As with other tumors, the grading of breast cancer builds on an assessment of formation of
the tubules/glands, numbers of mitoses, and nuclear pleomorphism. A higher grade indicates
poorer differentiation, with grade 1 representing good differentiation and grade 3

representing poor differentiation.?

1.6.3 Ki67

The expression of Ki67, a cell cycle regulated protein, forms the basis of proliferation
scoring in pathology breast cancer assessments.'” However, there is no standardized
procedure for assessing and interpreting this marker, therefore its usefulness in clinical

cancer care is strongly disputed.'>!?

1.6.4 HER2

Human epidermal growth factor receptor 2 (HER2) is a well-studied oncogene in breast
cancer which is associated with poor differentiation as well as a poor prognosis.'”
Furthermore, past reports have shown an association between HER2 positivity and
metastases in lymph nodes, high rates of recurrence, and decreased responses to several
systemic endocrine therapies and chemotherapies.>!'* Multiple different pathways could lead
to the involvement of this oncogene in the control of cell growth, differentiation, and
survival."> Overexpression of HER2 can be assessed with immunohistochemistry** (IHC)
and amplification can be assessed with fluorescence in situ hybridization (FISH), both of
which show a correlation.? ASCO and CAP first issued guidelines on HER2 testing in
2006'*16, with updates in 2013'7!® and 2018'*%, These recommendations define an THC
score of 3+ as positive, indicating that more than 30% of invasive tumor cells show intense
membrane staining; an [HC score of 2+ as equivocal, entailing a recommendation to perform
a subsequent assay for HER2 gene amplification; and an IHC score of 1+ and 0 as negative.'*
Regarding HER2 gene amplification, there are differences between the first guideline and

the updates.




In 2006, HER?2 positivity tested via gene amplification was defined as a HER2/chromosome
17 centromere (CEP17) ratio of more than 2.2 or a HER2 gene copy number above 6.0, while
aratio of less than 1.8 or a gene copy number below 4.0 was defined as negative. The values
in-between were characterized as equivocal, with the recommendation to recount, retest, or
test with [HC."
In 2013, the cut-off for positivity assessed via HER2/CEP17 ratio was changed from 2.2 to
2.0. Furthermore, specimens with a ratio of 2.0 or more and an average HER2 copy number
of less than 4.0 signals per cell in a dual probe in situ hybridization (ISH) were defined as
positive. In the case of equivocal results in a dual probe ISH, i.e. a ratio of less than 2.0 and
a number between 4.0 and 6.0 signals per cell, recommendations included a reflex test with
the same specimen using IHC, a test with an alternative ISH chromosome 17 probe, or a new
test with new specimen.!’
In the latest update published in 2018, the diagnostic procedure is as follows: IHC values of
0 and 1+ are considered negative, 3+ is considered positive, and 2+ is considered equivocal,
requiring a reflex test with the same specimen using ISH or a test with new specimen using
either IHC or ISH. A single probe ISH with an average HER2 copy number of 6.0 signals
per cell or higher is positive; a number of less than 4.0 signals per cell is negative; and a
number between 4.0 and 6.0 signals per cell is equivocal. Equivocal values with a concurrent
IHC score of 3+ result in positivity, while scores of 1+ and 0 result in negativity, and a
concurrent score of 2+ requires dual probe ISH. The latter splits specimens into five
groups: "
e Group 1: a HER2/CEP 17 ratio of 2.0 or more and an average HER2 copy number
of 4.0 or more per cell: HER2 positive
e Group 2: a ratio of 2.0 or more and a number of less than 4.0 signals per cell:
requiring additional testing
e Group 3: aratio of 2.0 or less and a number of 6.0 or more signals per cell: requiring
additional testing
e Group 4: a ratio of 2.0 or less and a number between 4.0 and 6.0 signals per cell:
requiring additional testing
e Group 5: aratio of 2.0 or less and a number of less than 4.0 signals per cell: HER2
negative
Since several different established therapeutic options exist which target HER2,>' the

definition and assessment of HER2 positivity is of clinical relevance.




1.7 Classification

Breast carcinoma can be distinguished in non-invasive carcinoma in situ and invasive breast

cancer.
1.7.1 Carcinoma in Situ

1.7.1.1 Ductal Carcinoma in Situ

Ductal carcinoma in situ (DCIS) is a term for breast epithelial cells which possess cytological
characteristics of malignancy but proliferate in a non-invasive way, i.e. within the ducts
without infiltrating the basal membrane. Although untreated DCIS progresses to invasive
cancer in many cases, there are no reliable markers to distinguish this from non-progressive

lesions, with the result that certain patients are at risk of being overtreated.!

1.7.1.2 Lobular Carcinoma in Situ

Lobular carcinoma in situ (LCIS), also termed lobular neoplasia, is the counterpart to DCIS
in the lobules. In contrast to DCIS, LCIS is not considered a malignant lesion with the
potential for progression in itself, but is rather a premalignant condition which leads to an

increase in breast cancer risk ipsilateral as well as contralateral.!

1.7.2 Invasive Disease

The following classification is a clinically defined, treatment related division of subtypes of
invasive breast cancer based on breast biomarkers. The different subtypes vary substantially
in terms of their response to therapy, patterns of metastases, and genomic profile as well as

with regard to other factors.!”

1.7.2.1 Luminal-Like

The luminal like subtype can be divided into two categories — luminal A-like and luminal B-
like - both of which are HER2 negative. While the luminal A-like subtype is characterized
by high expression of hormone receptors and low proliferation rate, the luminal B-like has
lower hormone receptor levels and a high proliferation rate. Furthermore, luminal A-like is
generally histological grade 1 or 2, whereas luminal B-like is generally histological grade 3.

All of these factors result in a favorable and an unfavorable prognosis, respectively. '




1.7.2.2 HER2-Like

Both subgroups of HER2-like subtype are defined as HER2 positive and are mostly
histological grade 3, but one has high levels of hormone receptors and the other is hormone

receptor-negative. '’

1.7.2.3 Basal-Like

Basal-like is a subtype with negative hormone receptors and an absence of HER2 expression.
Additionally, the basal-like subtype is usually associated with higher grading.!” Although
triple-negative breast cancer is similar to basal-like subtype due to negative hormone

receptors and a lack of HER2 expression, the two types of breast cancer remain distinct.

1.8 TNM Staging

As in other carcinomas, the extent of breast carcinoma is defined by tumor, node, metastasis
(TNM) staging. T denotes primary tumor size, N describes infiltration of regional lymph
nodes, and M stands for presence of distant metastases. Different prefixes, for example c, p,
and yp, define the circumstances of TNM staging, i.e. clinical, pathological, and pathological
following neoadjuvant therapy, respectively. TNM staging taken together with grading,
hormone receptors, and HER2 status allows for a classification of patients in clinical
prognostic stage groups and pathological prognostic stage groups. The first group applies to
all patients with breast cancer, the second to patients who have been treated with surgery as

initial treatment. '°

1.9 Metastases

Apart from spreading in local surroundings such as the breast parenchyma, nipple, fascia,
muscle, and chest wall, breast cancer can also disseminate via the lymphatic system and
blood vessels.” Invasion of regional lymph nodes, i.e. ipsilateral axillary, ipsilateral
supraclavicular, and ipsilateral internal mammary (Fig. 1), has to be distinguished from
invasion of any other lymph nodes, such as cervical, contralateral internal mammary, or
contralateral axillary. Spread to the latter is classified as occurrence of distant metastases.'”
Common metastatic sites caused by blood spread include the skeletal system, lungs, liver,
spleen, ovary, adrenal glands, and central nervous system, as well as a tendency for the
gastrointestinal tract, ovary, and serosal surfaces in invasive lobular carcinoma.’

Diagnostical work-up to detect metastases after primary diagnosis, if indicated, includes

thoracic and abdominal computed tomography and scintigraphy of the skeletal system.
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Figure 1. Schematic diagram of the breast and regional lymph nodes.

Used with the permission of the American College of Surgeons. Amin, M.B.,
Edge, S.B., Greene, F.L., et al. (Eds.) AJCC Cancer Staging Manual, Sth Ed.
Springer New York, 2017.

1.10Diagnosis

The diagnosis of breast cancer involves reviewing the patient’s history, carrying out a
physical examination, using imaging techniques, and performing a biopsy. Taking the
patient’s history serves to evaluate risk factors, family history, and personal history.* Some
features of palpable breast masses, such as the absence of pain, irregularity, fixation to the
chest wall, and hard appearance, indicate invasivity.! However, about a fourth of all invasive
cancers is not palpable, thus physical examination and imaging methods have to be
considered simultaneously.® Imaging methods include mammography, magnetic resonance
mammography, breast ultrasound, and other methods such as single photon emission
computed tomography and positron emission tomography, with the latter two playing a
minor role in breast cancer diagnosis.

Especially in younger women, breast ultrasound and magnetic resonance imaging are

important due to higher sensitivity in dense tissue as well as the absence of the risks of




ionizing radiation. However, because of low specificity, the latter should only be considered
in high risk groups or as additional investigation.??

Mammography as a screening tool has been a matter of controversial discussions. As shown
in areview by Getzsche PC and Jorgensen KJ?, the resulting reduced breast cancer mortality
rates are counterbalanced by increased levels of overdiagnosis, which causes unnecessary
treatment and psychological distress.

To make an ultimate diagnosis of the type of breast cancer and guide treatment decision
regarding breast cancer biomarkers, a biopsy is essential. Methods include core needle
biopsy, fine needle aspiration, and open surgical biopsy, guided by ultrasound or

mammography.’

1.11 Treatment

Treatments for breast cancer can principally be divided into curative and palliative therapy,
with the purpose to cure the disease or to palliate symptoms and prevent further disease
progression into advanced disease, respectively. Curative therapy includes neoadjuvant
therapy, i.e. therapy before surgery, adjuvant therapy, i.e. therapy after surgery, surgical
intervention at the primary site and regional lymph nodes, and radiation therapy. Palliative
therapy consists of pharmacologic therapy, radiotherapy, and surgical intervention both at
the primary site and at metastatic sites.

The following chapters will shortly describe different aspects of both curative and palliative
therapy with a special focus on HER2-targeted therapy. Surgical intervention at metastatic
sites as well as neoadjuvant, intraoperative, and palliative radiotherapy will not be discussed

further.

1.11.1 Primary Tumor Surgery

The surgical approach aims to preserve breast tissue, i.e. breast conserving surgery, or
remove it, i.e. different types of mastectomy. Breast conserving therapy refers to a
combination of breast conserving surgery and radiation therapy. Contraindications for breast
conserving therapy include inflammatory carcinoma, most cases of multicentric disease,
contraindications for radiation therapy, e.g. prior radiation therapy or pregnancy, positive
margins after several attempts at resection, patient decision, and ineligibility due to tumor
size in relation to breast size.?*

It is not only the size of the tumor which influences the decisions as to whether to undertake

breast conserving surgery or a mastectomy, but also the anticipated cosmetic result as well




as the ability to achieve margin control and undergo adjuvant radiation.”> Furthermore,
neoadjuvant therapy can decrease tumor size in locally advanced disease and increase
eligibility for breast conserving strategies.”®?” Consequently, a large primary tumor itself is
no absolute contraindication for breast conserving therapy.

Margins of resection play a substantial role in breast-conserving surgery, with negative
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margins resulting in low rates of local recurrence, whereas positive margins result in

higher rates.?® !

Breast conserving therapy in inflammatory breast cancer is highly controversial, but an
inflammatory component does not seem to be an absolute contraindication.*>3

Different types of mastectomy include radical mastectomy, modified radical mastectomy,
simple mastectomy, skin-sparing mastectomy, and nipple-areolar sparing mastectomy. The
choice of the type of mastectomy must be made individually for every patient.?*

In patients with mutations in BRCA1 or BRCA2 gene, mastectomy is used as a prophylaxis
for breast cancer.’**

Apart from primary tumor surgery, surgical management includes the management of
axillary lymph nodes. Clinically positive axilla, which is, for example, confirmed by
preoperative sonography, is treated with axillary dissection, whereas clinically negative
axilla leads to sentinel node biopsy, which may result in axillary dissection in case of a

positive sentinel node.?*

1.11.2 Adjuvant Radiotherapy

As shown in a meta-analysis by the Early Breast Cancer Trialists’ Collaborative Group,
whole-breast radiation therapy after breast conserving therapy reduces both the recurrence

t.36 Similarly, postmastectomy radiation therapy leads

rate and the risk of death from breas
to a decrease in the locoregional recurrence rate and increased survival rates in specific
patient populations.>’° Locoregional lymph nodes can also be irradiated.?* Several specific
topics - such as different types of schedules, i.e. conventional and hypofractionated, radiation
therapy boost to the tumor bed, and accelerated partial-breast irradiation - will not be

discussed here.

1.11.3 Neoadjuvant Pharmacologic Therapy

Neoadjuvant therapy refers to therapy given prior to surgery. Apart from allowing for early
evaluation of the effectiveness of systemic therapyi, it is used to downstage locally advanced

tumors and therefore increase rates of breast conserving therapy as well as decrease rates of




axillary dissection and their subsequent complications such as lymphedema.***!

Pathological complete response (pCR) at surgery after neoadjuvant therapy results in
significantly higher rates of overall survival and disease free survival compared to patients

with residual invasive disease.**

1.11.31 Neoadjuvant HER2 Negative Patients

Common chemotherapy regimens for patients with HER2 negative breast cancer can be
anthracycline-based or anthracycline-free, such as doxorubicin plus cyclophosphamide with
a taxane (e.g. docetaxel)* or docetaxel and cyclophosphamide*®, respectively. A decision
should be made based on both risk setting and comorbidities, such as cardiac diseases. In
triple-negative breast cancer, the addition of carboplatin to neoadjuvant regimens has been
shown to improve rates of pCR.*’*® Since adverse events are more common and there is no
strong data suggesting a benefit in event free and overall survival, its use remains
controversial. However, in recent years, it has become a standard for high risk higher stage
triple negative breast cancer to include carboplatin in the neoadjuvant treatment and thereby
improve outcome, with few trials showing benefit. Based on these trials, Sankt Gallen

consensus meeting has implemented the use of carboplatin in the neoadjuvant setting.*’

1.11.3.2 Neoadjuvant Hormone Receptor Positive Patients

Neoadjuvant endocrine therapy is a possible approach in patients who have high expression
of hormone receptors and for whom chemotherapy is not suitable. In a phase II study from
Spain, premenopausal women showed worse response rates with neoadjuvant endocrine
therapy than with chemotherapy.®® In postmenopausal women with hormone receptor
positive breast cancer, studies showed similar rates of response and possibility to undergo
breast conserving surgery in patients treated with neoadjuvant endocrine therapy compared
to chemotherapy.’®>® Therefore, neoadjuvant endocrine therapy poses a possible approach
in HER2 negative, strongly hormone receptor positive, postmenopausal breast cancer

patients.

1.11.3.3 Neoadjuvant HER2 Positive Patients

In patients with HER2 positive breast cancer who have an indication for neoadjuvant
therapy, HER2-targeted therapy is a mainstay of treatment as it increases pCR.
Consequently, the combination of HER2-targeted therapy and chemotherapy improves long

term outcome measures compared to chemotherapy alone.*?>*%> Agents targeting HER2
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include the humanized monoclonal antibody trastuzumab as well as pertuzumab, lapatinib,
neratinib, and trastuzumab-emtansine (T-DM1).%® Using trastuzumab in a neoadjuvant
setting is well established.*>**%> Adding pertuzumab to a combination of docetaxel and
trastuzumab has been shown to improve pCR rates compared to using only docetaxel and
trastuzumab, without substantially increasing adverse events, apart from diarrhea.’” Other
approaches include lapatinib or neratinib by themselves or in combination with trastuzumab,
subcutaneous trastuzumab, T-DM1 by itself or in combination with trastuzumab, and
trastuzumab biosimilars.

Apart from HER2-targeted therapy, chemotherapy still plays a substantial role in HER2
positive breast cancer patients in the neoadjuvant setting. Various regimens, which may or
may not be anthracycline-based, are possible. One of them consists of fluoruracil,
epirubucin, and cyclophosphamide administered every three weeks for four cycles followed
by paclitaxel weekly in combination with trastuzumab for 12 cycles, resulting in a pCR rate
of about 55%?°%. Another regimen consists of doxorubicin and cyclophosphamide every three
weeks for four cycles followed by paclitaxel plus trastuzumab weekly, resulting in a similar
pCR rate.”® A trial comparing an anthracycline-based, dual HER2 blockade regimen to nine
cycles of paclitaxel and carboplatin every three weeks with concurrent trastuzumab and
pertuzumab showed similar pCR rates in both groups, however, febrile neutropenia occurred
more frequently in the anthracycline-group.®® Regarding taxanes, docetaxel poses an
alternative for paclitaxel and nabpaclitaxel can be administered in case of contraindication

for standard paclitaxel, such as allergic reactions.

1114 Adjuvant Pharmacologic Therapy

Adjuvant therapy represents therapy administered after surgery and includes chemotherapy,
endocrine therapy, and other types such of therapy as HER2-targeted therapy. It aims at
preventing local recurrence and the development of metastases and therefore reducing

cancer-specific mortality.

1.11.41 Adjuvant Chemotherapy

The choice to administer adjuvant chemotherapy is based on a risk assessment and an
evaluation of expected benefits and the potential adverse events and toxicity caused by the
therapy. Apart from taking hormone receptor and HER2 expression into account, there are
also various biomarker assays to guide clinical decision-making, such as the Breast Cancer

Index® or EndoPredict®.! Chemotherapeutic regimens can vary by country, hospital, and

11



attending physician. A regimen based on anthracycline and taxane, such as doxorubicin and
cyclophosphamide followed by paclitaxel, is an approach that is chosen often, because it
reduces recurrence risk, breast cancer mortality, and overall mortality compared to other
regimens.®? Paclitaxel administered weekly is superior regarding disease free and overall
survival compared to paclitaxel every three weeks.®® In lower risk settings as well as in the
context of comorbidities, a combination of docetaxel and cyclophosphamide administered
every three weeks for four cycles poses an alternative to anthracycline-based regimens.®+%3
The interval times between cycles should be shortened, which is referred to as dose-dense
and results in prolonged disease free and overall survival without increasing adverse events

due to the therapy.¢-

1.11.4.2 Adjuvant Endocrine Therapy

In hormone receptor positive patients, the choice of adjuvant endocrine therapy depends
largely on the menopausal status.

In postmenopausal women, aromatase inhibitors such as letrozole, anastrozole, and
exemestane are the preferred therapy, because they have shown lower recurrence rates
during treatment and lower 10-year breast cancer mortality rates than tamoxifen.®® In case
of short term treatment-related adverse events, i.e. especially musculoskeletal symptoms®-
1 switching to a different aromatase inhibitor is a possible approach.”? Other adverse events
include sexual dysfunction’ as well as cognitive problems, hot flashes, declining physical
health scores’, and bone loss due to estrogen deficiency’>. Common approaches in targeting
bone loss include calcium and vitamin D supplementation as well as pharmacological
therapy, i.e. bisphosphonates and denosumab. In patients who are for any reason not eligible
for aromatase inhibitors, tamoxifen is the preferred therapy.”® Duration of treatment is a
minimum of five years, however, for high risk patients also an extended duration has been
evaluated and has become partly established over years.

In premenopausal women, approaches include ovarian function suppression combined with
endocrine therapy and endocrine therapy alone. Ovarian function suppression can be
achieved pharmacologically, i.e. with gonadotrophin-releasing hormone agonists such as
goserelin, or non-pharmacologically, i.e. with oophorectomy and ovarian irradiation. In
patients who were at high risk for recurrence, ovarian function suppression plus exemestane
showed improved disease outcomes, but patients presented with adverse events such as
musculoskeletal symptoms, hot flashes, and osteoporosis.””” In lower risk settings,

tamoxifen is a reasonable choice.”®
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1.11.4.3  Adjuvant HER2-targeted therapy

Adding trastuzumab to adjuvant chemotherapy in HER2 positive patients significantly
increases overall survival and disease-free survival rates.®® The duration of treatment is one
year, since an extension to two years showed no additional benefit.?! Dual HER2 blockade
in high-risk patients, for example with trastuzumab and pertuzumab, increases disease-free
survival rates, as has been shown in the phase III APHINITY trial.®? In patients with residual
invasive disease after neoadjuvant therapy containing a taxane (with or without
anthracycline), T-DM1 has been shown to reduce the risk of recurrent disease or death.®
Cardiatoxicity, i.e. decline in left ventricular ejection fraction, congestive heart failure, and
cardiomyopathy, is a potential adverse event associated with adjuvant HER2-targeted

80,84

therapy®°* and therefore cardiac function has to be closely monitored.

1.11.5 Palliative Pharmacologic Therapy

As soon as metastases occur in breast cancer, the disease is unlikely to be cured and the
patient is in a palliative setting. Some patients are in a palliative setting due to locally
advanced disease, comorbidities, and/or age, also meaning that it is unlikely that the disease
will be cured with feasible therapies. The goal of palliative therapy is to delay disease
progression, palliate tumor-associated symptoms, and preserve and restore quality of life.

Median survival in metastatic breast cancer has improved from 1990 to 2010 in recurrent as

well as in de-novo stage IV disease.*®

1.11.5.1 Palliative HER2 Positive Patients

In metastatic,c, HER2 positive breast cancer, HER2-directed therapy is a mainstay of
treatment, regardless of hormone receptor status. As has been shown in the CLEOPATRA
trial, a dual HER2 blockade with trastuzumab and pertuzumab plus docetaxel is superior to
trastuzumab and placebo plus docetaxel in terms of overall survival, progression-free
survival, and duration of response.®®®” The PERUSE trial suggests that docetaxel can be
replaced with paclitaxel, which results in different rates of adverse events, i.e. more
neuropathy but less febrile neutropenia and mucositis.®® In patients with hormone receptor
positive disease, chemotherapy is typically followed by endocrine therapy. Alternatively,
first line HER2 blockade plus endocrine therapy - such as lapatinib plus letrozole,* or
trastuzumab plus pertuzumab plus an aromatase inhibitor” - poses a possible approach in

this setting. In a subset of patients who had been previously treated with trastuzumab and a
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taxane, T-DM1 led to longer overall and progression-free survival rates, while resulting in
fewer adverse events compared to lapatinib plus capecitabine.’!

There are various approaches to targeting progressive disease in the context of HER2
positive, metastatic breast cancer, the description of which would exceed the limitations of
this thesis. Therefore, only trastuzumab deruxtecan and tucatinib will be discussed briefly
here. Trastuzumab deruxtecan is an antibody-drug conjugate, which showed durable
antitumor activity in an open-label, phase 2 study involving patients with a median of six
previous treatments. Adverse events included nausea, myelosuppression, and interstitial lung
disease.”” In the HER2CLIMB trial, the HER2 tyrosine kinase inhibitor tucatinib showed
superior overall and progression-free survival in combination with trastuzumab and
capecitabine compared to placebo in heavily pretreated patients. The antitumor activity in a
subset of patients with brain metastases is especially notable. In this patient population, the
progression-free survival at 1 year was 24.9% with tucatinib plus trastuzumab and
capecitabine compared to 0% with placebo plus trastuzumab and capecitabine, and the

median progression-free survival was 7.5 and 5.4 months, respectively.”?

1.11.5.2 Palliative Triple-Negative Patients

Since neither HER2-targeted therapy nor endocrine therapy are viable options in triple-
negative breast cancer patients, chemotherapy plays a substantial role. The choice of
chemotherapy is driven by tumor burden, health status, prior treatment and toxicities, and
patient preferences. Therapy can consist of one single agent, such as paclitaxel weekly,** or
a combination of different agents, such as doxorubicin plus paclitaxel.”” In a phase III trial,
the latter resulted in superior response rates and an increase in the time until treatment failure

1.%5 The possibility

compared to doxorubicin or paclitaxel alone, but did not improve surviva
of enhancing response rates with polychemotherapeutic regimens has to be balanced with

the possibility of a higher rate of adverse events compared to single agent therapy.

1.11.5.3 Palliative Hormone Receptor Positive Patients

In hormone receptor positive, HER2 negative breast cancer patients, therapeutic approaches
consist of endocrine therapy, targeted therapy, and chemotherapy. Targeted therapies include
cyclin-dependent kinase 4/6 (CDK4/6) inhibitors, such as palbociclib and ribociclib;
phosphoinositide 3-kinase (PI3) inhibitors, such as alpelisib; and mechanistic target of
rapamycin (mTOR) inhibitors, such as everolimus. PI3 inhibitors are used in the case of

phosphatidylinositol-4, 5-bisphosphate 3-kinase catalytic subunit alpha mutations. A
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systematic review and network meta-analysis has shown the superiority of targeted therapy
plus hormone therapy compared to anastrozole alone as well as the superiority of CDK 4/6
inhibitors plus hormone therapy compared to chemotherapy with or without targeted therapy
in terms of progression-free survival in the first-line or second-line setting.”® In terms of
hormone therapy, possible options include aromatase inhibitors, tamoxifen, fulvestrant, and
gonadotropin-realeasing hormone agonists, with menopausal status being the deciding

factor. In the case of progressive disease, chemotherapy should be considered.?*

1.11.5.4 BRCA Mutated Palliative Patients

In patients with germline BRCA mutation and advanced breast cancer, polyadenosine
diphosphate-ribose polymerase (PARP) inhibitors as a single agent are a therapeutic
approach, since both talazoparib and olaparib resulted in longer progression-free survival

times compared to standard therapy.””®

1.11.6 Immunotherapy in Breast Cancer

Although immunotherapy has already changed the treatment of certain types of cancer
substantially, breast cancer patients do not yet seem to benefit significantly from these
developments. The most promising data come from triple-negative breast cancer trials. In
the IMPassion 130 trial, the combination of nab-paclitaxel with atezolizumab, a humanized
monoclonal programmed death ligand 1 (PD-L1) antibody, in patients with previously
untreated, metastatic, triple-negative breast cancer led to prolonged progression-free
survival in both the intention-to-treat population and the PD-L1 positive subgroup compared
to nab-paclitaxel plus placebo.”” This trial led to approval of this combination for metastatic
or unresectable locally advanced, PD-L1 expressing, triple-negative breast cancer by the US
Food and Drugs Administration. Other trials are investigating immunotherapy in early triple-
negative breast cancer patients. In a first interim analysis of the KEYNOTE-522 trial, the
addition of pembrolizumab, a humanized, monoclonal PD-1 antibody, to neoadjuvant
chemotherapy with paclitaxel and carboplatin in previously untreated stage II or stage III
triple-negative breast cancer patients led to a significantly higher proportion of patients with
a pathological complete response compared to placebo plus chemotherapy.'®

These results give rise to hope for better treatment options in triple-negative breast cancer

patients. More clinical trials addressing other subtypes of breast cancer are warranted.
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2 Materials and Methods

2.1 Trial Design

We conducted a single-center, retrospective data analysis at the Department of Internal
Medicine, Division of Oncology at the Medical University Graz, Austria. Ethics committee
of the Medical University Graz approved the study (ethics committee vote number 31-212
ex 18/19). Data collection was carried out with the electronic health records database
Medocs, which captures data from public hospitals of the Steiermérkische
Krankenanstaltengesellschaft m.b.H., and Oracle, an intern database of the Division of
Oncology at the State Hospital in Graz. Data was recorded with the web application Research
Electronic Data Capture (REDCap) and queries consisted of demographics; primary tumor
data, i.e. histological subtype, grading, hormone receptors, HER2 ITHC score, and HER2
FISH results, if applicable; therapy, i.e. surgery, neoadjuvant therapy, and adjuvant therapy;
and events, i.e. local recurrence, distant recurrence, second breast carcinoma, second non-

mammary carcinoma, and death.

2.2 Patients

Patients were eligible if they had received a diagnosis of invasive breast cancer with a HER2
IHC score of 2+ or 3+ confirmed either by histological examination of biopsy specimen if
placed in neoadjuvant or palliative setting, or by excision specimen of the primary tumor if
placed in adjuvant setting. Furthermore, patients were included if diagnosed with - or treated
for - breast cancer at the Medical University Graz between 2006 and 2016, allowing for
sufficient follow-up time, defined by a patient identification number between 20060000 and
20169999. Exclusion criteria consisted of non-invasive breast cancer, e.g. ductal carcinoma
in situ, and cases where the patients had never personally attended an appointment at the
Division of Oncology. Patients to be included were selected from the total number of 3300
breast cancer patients identified at the Division of Oncology, Department of Internal

medicine between 2006 and 2018.

2.3 End Points

The aim of this thesis was to assess the composition of patients with a HER2 IHC score of
2+ or 3+ in terms of molecular subtypes and treatment setting. The co-primary end point was
the clinical outcome, i.e. overall survival (OS), invasive disease-free survival (iDFS), distant

disease-free survival (DDFS), and recurrence-free survival (RFS), in the total study
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population, in (neo)adjuvant setting, in HER2 positive patients stratified by receipt of HER2
targeted therapy, by HER2 THC score, and by hormone receptor status, and in HER2 negative
patients stratified by hormone receptor status. End points were defined according to the
standardized definition for efficacy end points (STEEP) criteria, i.e. time from registration
to death from breast cancer, death from a non-breast cancer cause, or death from unknown
cause for OS; time from registration to first event, which includes invasive ipsilateral breast
tumor recurrence, local or regional invasive recurrence, distant recurrence, death from breast
cancer, death from a non-breast cancer cause, death from unknown cause, invasive
contralateral breast cancer, or second nonbreast primary invasive cancer for iDFS; time from
registration to either distant recurrence, death from breast cancer, death from a non-breast
cancer cause, death from unknown cause, or second nonbreast primary invasive cancer for
DDFS; and time from registration to either invasive ipsilateral breast tumor recurrence, local
or regional invasive recurrence, distant recurrence, death from breast cancer, death from a
non-breast cancer cause, or death from unknown cause for RFS.!°! Our secondary end point
was to assess how many patients in which subgroups were affected by the change in
guidelines regarding HER2 positivity in FISH testing and whether this element influenced

therapeutic decision and led to measurable changes in outcome.

2.4 Statistical Analysis

All statistical analyses were performed with Stata 16.1 (Stata Corp., Houston, TX, USA).
Continuous variables were reported as medians [25th-75th percentile], and count data as
absolute frequencies (%). The distribution of continuous variables between two groups was
compared with rank sum-tests, whereas the association between two categorical variables
was investigated with Pearson Chi-square and Fisher’s exact tests. Median follow-up was
estimated with the reverse Kaplan-Meier method according to Schemper & Smith.!*
Follow-up data were truncated at 10 years. Kaplan-Meier estimates were used to compute
clinical outcomes, i.e. OS, iDFS, DDFS, and RFS, and survival functions between two or

more groups were compared with log-rank tests.
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3 Results

3.1 Patients and Demographics

Of the 3300 patients identified as breast cancer patients at the Division of Oncology between
2006 and 2018, 2794 were selected for assessment of eligibility due to their identification
numbers between 20060000 and 20169999. Of these, 2014 were excluded based on their
HER2 IHC score of 0 and 1+. Of the remaining 780 patients, 44 did not attend their
appointment or declined therapy, 9 had non-invasive breast cancer, 6 were treated in Graz
because of a different carcinoma and presented with breast cancer as a comorbidity, and 9
had missing data. Another 101 patients were excluded because of a HER2 IHC score of 2+
or 3+ only in an excision specimen while being in a neoadjuvant or palliative setting, or
because of a HER2 THC score of 2+ or 3+ only in a biopsy specimen while being in an
adjuvant setting. The final cohort consisted of 611 patients, of which 264 (43.21%) were
HER?2 negative, 343 (56.14%) HER2 positive, and four (0.65%) had unknown HER?2 status.
The HER2 positive group encompassed 258 patients with a HER2 IHC score of 3+ and 85
patients with a HER2 IHC score of 2+ and positive FISH results, i.e. a HER2/CEP17 ratio
of 2.0 and more in FISH. (Fig. 2)

Of the 546 patients who were treated with a curative intention, 310 (56.78%) were HER2
positive, 232 (42.49%) were HER2 negative, and 4 had unknown HER2 status. The first
group encompassed 142 (45.81%) neoadjuvant and 168 (54.19%) adjuvant cases, while the
HER?2 negative group encompassed 77 (33.18%) neoadjuvant and 155 (67.10%) adjuvant
cases. Three patients in the HER2 negative, adjuvant group were male (0.55% of all patients
treated in curative intention, 1.29% of HER2 negative patients). The median age at diagnosis
was 58.0 years [25" to 75" percentiles: 49.2 — 67.9] in the HER2 positive group and 60.3
years [25% to 75™ percentiles: 50.1 — 69.1] in the HER2 negative group. (Table 1)

Of the 65 patients who were placed in palliative setting, 49, i.e. 8.02% of the total cohort,
were primary metastatic at diagnosis. The remaining 16 patients did not have metastases and
were in a palliative setting due to comorbidities and locally advanced disease, or unspecified
reason. The palliative group was evenly divided between HER2 positive patients (33 cases,

50.77%) and HER2 negative patients (32 cases, 49.23%).

3.2 Primary Tumor Data

Histological data of primary tumor was either assessed by biopsy in neoadjuvant setting or

by primary tumor surgery in adjuvant setting. Palliative cases are not described.
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Figure 2. Consort diagram of patient enrollment.

The HER2 positive group (n=310) encompassed 233 (75.16%) patients with a HER2 THC
score of 3+, and 77 (24.84%) patients with a HER2 IHC score of 2+ and positive FISH
results, i.e. a HER2/CEP17 ratio of 2.0 and above. Histological subtypes included IDC not
otherwise specified in 261 (84.19%) cases; mixed IDC and ILC in 18 (5.81%); ILC in 12
(3.87%); mucinous carcinoma in 5 (1.61%); micropapillary carcinoma in 4 (1.29%); and
other histological subtypes in 10 (3.23%). The most common gradings were G3 in 183
(59.03%) cases and G2 in 118 (38.06%) cases. In terms of hormone receptor status, 221
(71.29%) patients presented with positive hormone receptors, of which 160 had positive
estrogen and progesterone receptors, while 61 had either of the two. In 89 (28.71%) patients,
hormone receptors were not expressed. (Table 1)

In the HER2 negative group (n=232), 186 (80.17%) patients had IDC not otherwise
specified; 20 (8.62%) had ILC; 7 (3.02%) had mixed IDC and ILC; 7 (3.02%) had mucinous
carcinoma; 3 (1.29%) had micropapillary carcinoma; and 9 (3.88%) had a different
histological subtype. The most common gradings were G2 in 130 (56.03%) cases and G3 in
81 (34.91%) cases. In terms of hormone receptor status, 202 (87.07%) patients presented
with positive hormone receptors, of which 178 had positive estrogen and progesterone
receptors, while 24 had either of the two. Triple negative disease was present in 30 (12.93%)

patients. (Table 1)
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Table 1. Demographics, Treatment Setting, and Primary Tumor Data of Patients Treated with a
Curative Intention (n=546)*
HER2 Positive (n=310) HER2 Negative (n=232)
Demographics
Age
Median (25t to 75! percentiles) —yr 58.0 (49.2-67.9) 60.3 (50.1-69.1)
Sex —no (%)
Female 310(100) 229 (98.71)
Male 0 (0) 3i(1.29)
Treatment setting — no (%)
Neoadjuvant Setting 142 (45.81) 77 (33.18)
Adjuvant Setting 168 (54.19) 155 (67.10)
Tumor Data
HER2 IHC/FISH — no (%)
IHC 3+ 233 (75.16) na
IHC 2+, FISH positive 77 (24.84) na
Histological Subtype — no (%)
IDC 261 (84.19) 186 (80.17)
Mixed IDC and ILC 18 (5.81) 7 (3.02)
ILC 12 (3.87) 20 (8.62)
Mucinous 5(1.61) 7 (3.02)
Micropapillary 4 (1.29) 3(1.29)
Other 10 (3.23) 9 (3.88)
Grading — no (%)
G1 4(1.29) 20 (8.62)
G2 118 (38.06) 130 (56.03)
G3 183 (59.03) 81 (34.91)
Unknown 5(1.61) 1(0.43)
HR Status — no (%)
HR Positive 221 (71.29) 202 (87.07)
HR Negative 89 (28.71) 30 (12.93)

Table 1. Demographics, treatment setting, and primary tumor data of patients treated with a curative intention.
*Four patients treated in curative had unknown HER?2 status and are therefore not described in this table. IHC denotes
immunohistochemistry, FISH denotes fluorescence in situ hybridization, HR denotes hormone receptor.

3.3 Surgical Therapy

In patients treated with curative intention, the extent of surgical therapy was similar in HER2
positive (n=310) and HER2 negative (n=232) cases. In the first group, 208 (67.10%) patients

underwent breast conserving surgery, whereas 100 (32.26%) underwent mastectomy.
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Compared to that, 147 (63.36%) and 81 (34.91%) underwent the respective surgical therapy
in the HER2 negative group. Four patients in the HER2 negative group and two patients in
the HER2 positive group were not operated on due to different reasons, e.g. death or patient
decision.

In the palliative setting, ten patients underwent a surgical intervention at their primary tumor

site.
3.4 Pharmacological Therapy

3.4.1 Curative Intention in HER2 Positive Patients

In the HER2 positive cohort with curative treatment intention, which encompassed 233
patients with a HER2 IHC score of 3+ and 77 patients with a HER2 THC score of 2+ and
positive FISH results, 142 of 310 (45.81%) patients were treated in the neoadjuvant plus
adjuvant setting and 168 (54.19%) in the adjuvant setting.

In the neoadjuvant plus adjuvant treatment group (n=142), 139 (97.89%) patients received
chemotherapy with or without HER2 targeted therapy, i.e. anthracyclines and taxanes in 126
cases and anthracyclines or taxanes in 13 cases. Two patients received HER2 targeted
therapy without chemotherapy. Taken together, 139 (97.89%) patients received HER2
targeted therapy, of which 131 received it neoadjuvantly and adjuvantly, five only
neoadjuvantly, and three only adjuvantly. Of these patients, 96 received trastuzumab only
and 43 received dual HER2 blockade with trastuzumab and pertuzumab. Three patients did
not receive HER2 targeted therapy despite positive HER2 status. Pathological complete
response, i.e. ypTO0 or ypTis and ypNO, was achieved in 65 (45.77%) patients, whereas 74
(52.11%) did not have pathological complete response. Three patients were not assessed
because they were not operated on. In patients with positive hormone receptors (n=90), 73
(81.11%) received hormone therapy.

In the adjuvant treatment group (n=168), 95 (56.55%) patients received chemotherapy with
or without HER2 targeted therapy, i.e. anthracyclines and taxanes in 53 cases, anthracyclines
or taxanes in 40 cases, and cyclophosphamide, methotrexate and fluoruracil in two cases. 32
patients received HER2 targeted therapy without chemotherapy. Taken together, 122
(83.56%) patients received HER2 targeted therapy, of which 120 received trastuzumab only
and 2 received dual HER2 blockade with trastuzumab and pertuzumab. 46 patients did not
receive HER2 targeted therapy despite positive HER2 status. In patients with positive
hormone receptors (n=131), 123 (93.89%) received hormone therapy. Ten patients in this
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group received no pharmacological treatment at all. Reasons for these patients not receiving
therapy include patient decision (n=5), comorbidities (n=3), progression before treatment
initiation (n=1), and unknown reason (n=1).

All in all, 49 HER?2 positive patients treated with a curative intention, of which 46 were in
adjuvant setting and three in neoadjuvant plus adjuvant setting, did not receive HER2
targeted therapy despite their positive HER2 status. Reasons for this range from patient
decision to comorbidities and unavailable therapy. A description of all reasons is given in

table 2.

3.4.2 Curative Intention in HER2 Negative Patients

In the HER2 negative cohort with curative treatment intention, which encompasses patients
with a HER2 THC score of 2+ and negative FISH results, 77 of 232 (33.19%) patients were
treated in neoadjuvant plus adjuvant setting and 155 (66.81%) in adjuvant setting.

In the neoadjuvant plus adjuvant treatment group (n=77), 61 (79.22%) patients received
chemotherapy, i.e. anthracyclines and taxanes in 56 cases, anthracyclines or taxanes in 4
cases, and vinorelbine in 1 case. Pathological complete response, i.e. ypTO or ypTis and
ypNO, was achieved in 9 patients (14.75%), while 49 (80.33%) had residual invasive cancer
or positive lymph nodes. Three patients were not assessed because they did not undergo
surgery. In patients with positive hormone receptors (n=54), 53 (98.15%) received hormone
therapy.

In the adjuvant treatment group (n=155), 29 (18.71%) patients received chemotherapy, i.e.
anthracyclines and taxanes in 15 cases and anthracyclines in 14 cases. In patients with
positive hormone receptors (n=148), 141 (95.27%) received hormone therapy. Nine patients
in this group received no pharmacological treatment at all. Reasons for these patients not
receiving therapy included patient decision (n=5), comorbidities (n=2), physician decision

(n=1), and loss to follow-up (n=1).

3.5 Events and Clinical Outcome

The median follow-up time was 7.4 years (95% CI, 6.7 to 7.87) and three quarters of the
patients underwent follow-up for at least five years (25 percentile, 5.0). Data is truncated

at 10 years.
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Table 2. Reasons why patients did not receive HER2 targeted
therapy in (neo)adjuvant setting despite positive HER2 status
Reasons Patients (n=49)
Patient decision — no. (%) 12 (24.49)
Physician decision — no. (%) 10 (20.41)
Comorbidities — no. (%) 9 (18.37)

Other reasons — no (%)* 8(16.33)

Unknown — no. (%) 10 (20.41)

Table 2. Reasons why patients did not receive HER2 targeted therapy in
(neo)adjuvant setting despite positive HER?2 status.

*Other reasons include discrepant information in five patients and unavailable
therapy in three patients who received their initial diagnosis before approval of
HER? targeted therapy in their setting.

3.5.1 Events in Total Study Population

After 10 years, 147 patients in the total study population had died, of which 93 were in
(neo)adjuvant setting and 54 in palliative setting. The overall survival rates at 5 and 10 years
in the first group were 88.54% (95% CI, 85.44 to 91.02) and 76.57% (95% CI, 71.51 to
80.85), respectively, whereas overall survival rates at 5 years in the latter group were 23.66%
(95% CI, 13.72 to 35.14) (Fig. 3).

Invasive disease-free survival rates in (neo)adjuvant setting at 5 and 10 years were 80.18%
(95% CI, 76.50 to 83.34) and 65.27% (95%CI, 59.92 to 70.10), respectively. Of the 148
events which occurred, 74 (50.00%) were distant relapses, 25 (16.89%) were deaths, 22
(14.86%) were local relapses, 22 (14.86%) were secondary non-breast carcinomas, and 5
(3.38%) were secondary breast carcinomas. Regarding distant disease-free survival in this
setting, 116 events occurred, most of which were distant relapses (85, 73.28%), resulting in
distant disease-free survival rates of 83.68% (95% CI, 80.17 to 86.62) and 70.84% (95% CI,
65.40 to 75.59) at 5 and 10 years, respectively. Recurrence-free survival rates were 81.34%
(95% CI, 77.66 to 84.47) and 66.69% (95% CI, 61.10 to 71.66) at 5 and 10 years,
respectively, stemming from 133 events of which 79 (59.40%) were distant relapses, 30
(22.56%) were deaths, and 24 (18.05%) were local relapses. (Fig. 4)

Most of the events occurred in the first 10 years of the follow-up period (Table 3).
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Figure 3. Overall survival rates in the total study population.

Panel A shows overall survival for the total study population (n=611). Panel B shows overall survival for the total study

population stratified by treatment setting, i.e. (neo)adjuvant (n=546) and palliative (n=65).
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Figure 4. Clinical outcome in (neo)adjuvant setting (n=546).

Panel A relates to invasive disease-free survival, panel B to distant disease-free survival, and panel C to recurrence-free

survival.

Table 3. Number and types of events in (neo)adjuvant setting truncated at 10 years and
in entire follow-up period
Truncated at 10 years (n=546) Entire follow-up period (n=546)
Deaths — no. (%) Deaths — no. (%)
93 (17.03) 102 (18.68)
Distant relapse — no. (%) Distant relapse — no. (%)
B511557) 86 (15.75)
Local relapse — no. (%) Local relapse — no. (%)
2E0 50 3] 30(5.49)
Secondary breast carcinoma — no. (%) Secondary breast carcinoma — no. (%)
9 (1.65) 9 (1.65)
Secondary non-breast carcinoma — no. (%) Secondary non-breast carcinoma — no. (%)
23 (4.21) 26 (4.76)

Table 3. Total and relative numbers of events in (neo)adjuvant treatment setting.
The left column displays data truncated at 10 years, whereas the right column refers to the entire follow up period.
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3.5.2 Survival in HER2 Positive Cases

In HER2 positive cases in (neo)adjuvant setting (n=310), 51 deaths, 83 invasive disease
events, 65 distant disease events, and 76 recurrence events occurred during the first 10 years
of follow-up. Outcomes were significantly better in patients receiving HER2 targeted
therapy than in patients without HER?2 targeted therapy in terms of overall survival, invasive
disease-free survival, distant disease-free survival, and recurrence-free survival
(corresponding p-values were <0.005, <0.001, <0.001, and <0.001, respectively). The
overall survival rate for the first group at 10 years was 81.38% (95% CI, 74.20 to 86.73),
whereas the overall survival rate for the latter group was 63.48% (95% CI, 46.84 to 76.16)
(Fig.5). Corresponding rates for invasive disease-free survival were 72.82% (95% CI, 65.58
to 78.78) and 45.26% (95% CI, 29.91 to 59.41), respectively, for distant disease-free survival
79.30% (95% CI, 72.92 to 84.35) and 49.62% (95% CI, 31.79 to 65.15), respectively, and
for recurrence free survival 76.08% (95% CI, 69.33 to 81.54) and 41.03% (95% CI, 25.05
to 56.37), respectively (Fig. S1-S3).

In patients with positive HER2 status who did receive HER2 targeted therapy, overall
survival rates did not differ significantly between IHC score 2+/FISH positive and IHC score
3+ cases (p=0.826; Fig. 6).

The outcomes of HER2 positive cases stratified by hormone receptor status did not differ
significantly at ten years of follow-up but showed differences at five years with a trend
towards better survival in hormone receptor positive patients. In said patients, the overall
survival rate at five years was 90.31% (95% CI, 85.35 to 93.66), whereas patients with
negative hormone receptors had a rate of 82.12% (95% CI, 71.99 to 88.86). Overall survival
rates at ten years were 78.49% (95% CI, 70.21 to 84.71) and 76.65% (95% CI, 65.05 to
84.84), respectively, resulting in a p-value of 0.240 (Fig. 7). Corresponding rates for further
clinical outcomes were 69.50% (95% CI, 61.40 to 76.23) and 62.65% (95% CI, 49.38 to
73.36), respectively, for invasive disease-free survival (p=0.134); 72.72% (95% CI, 64.05 to
79.62) and 74.17% (95% CI, 62.75 to 82.57), respectively, for distant disease-free survival
(p=0.374); and 69.35% (95% CI, 60.58 to 76.54) and 67.63% (95% CI, 55.79 to 76.94),
respectively, for recurrence-free survival (p=0.173) (Fig. S4-S6).

3.5.3 Survival in HER2 Negative Cases

In HER2 negative cases in (neo)adjuvant setting (n=232), 40 deaths, 63 invasive disease
events, 49 distant disease events, and 55 recurrence events occurred during the first 10 years

of follow-up. Overall survival rates did not differ significantly between hormone receptor
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OS in HER2 positive patients stratified by HER2 therapy
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Figure 5. Overall survival rates for HER?2 positive patients in (neo)adjuvant setting.
The black graph relates to patients who did receive HER?2 targeted therapy, whereas the red graph relates to patients who
did not receive HER? targeted therapy.

positive and hormone receptor negative cases (p=0.080), but there was a notable difference
at five years of follow-up with overall survival rates of 92.06% (95% CI, 87.13 to 95.15)
and 72.35% (95% CI, 52.14 to 85.14), respectively, showing a trend towards better survival
in hormone receptor positive patients. Overall survival rates at 10 years were 75.32% (95%
CI, 64.89 to 83.05) and 72.35% (95% CI, 52.14 to 85.14), respectively (Fig. 8).
Corresponding rates for further clinical outcomes were 63.19% (95% CI, 53.36 to 71.50)
and 60.31% (95% CI, 36.56 to 77.56), respectively, for invasive disease-free survival
(p=0.283); 69.32% (95% CI, 59.17 to 77.42) and 62.83% (95% CI, 37.33 to 80.32),
respectively, for distant disease-free survival (p=0.120); and 64.42% (95% CI, 53.97 to
73.08) and 62.83% (95% CI 37.33 to 80.32), respectively, for recurrence free survival
(p=0.265) (Fig. S7-S9).

3.6 Association of HER2 Status with Hormone Receptors

The following chapter describes data regardless of treatment setting. Of 353 patients with a
HER2 THC score of 2+, 264 (74.79%) had negative FISH results, 85 (24.08%) positive FISH
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Figure 6. Overall survival rates for HER2 positive patients in (neo)adjuvant setting receiving HER2

targeted therapy.
The black graph displays HER2 IHC 2+/FISH positive cases, whereas the blue one displays HER2 IHC 3+

cases.
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Figure 7. Overall survival rates for HER?2 positive patients in (neo)adjuvant setting stratified by hormone

receptor status.
The blue graph display hormone receptor negative cases, whereas the green graph displays hormone

receptor positive cases.
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Figure 8. Overall survival rates for HER2 negative patients in (neo)adjuvant setting stratified by hormone receptor
status.

The blue graph displays hormone receptor negative cases, i.e. triple-negative breast cancer, whereas the green one
displays hormone receptor positive cases, i,e, luminal like molecular subtype.

results, and 4 (1.13%) unavailable FISH results. Of 264 patients with a HER2 IHC score of
2+ and negative FISH results, 230 (87.12%) had positive hormone receptors correspondent
to luminal-like molecular subtype and 34 (12.88%) had negative hormone receptors
correspondent to triple-negative breast cancer. In HER2 positive cases (n=343), which were
defined as either having a HER2 IHC score of 2+ and positive FISH results or a HER2 IHC
score of 3+, 99 (28.86%) patients had negative hormone receptors, while 244 (71.14%) had
positive hormone receptors. The proportion of hormone receptor positive cases was
significantly higher in HER2 IHC score 2+/FISH positive cases than in HER2 IHC score 3+
cases, which was 83.53% compared to 67.05%, respectively (Pearson Chi-square 32.42,
p<0.001; Fig. 9). It can be concluded that there was a similar proportion of hormone receptor
positive cases in HER2 THC score 2+/FISH positive patients and in HER2 THC score
2+/FISH negative patients (Fig. 9). In HER2 IHC score 2+/FISH positive cases, the median

HER2/CEP17 ratio in 71 hormone receptor positive cases was 2.6 (25" to 75" percentiles:
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2.37 — 3.63) compared to 3.16 (25" to 75" percentiles: 2.42 — 5.2) in 14 hormone receptor

negative cases (p=0.115, Wilcoxon-rank-sum-test).

3.7 Inconclusive HER2 Results

The following chapter describes data regardless of treatment setting.

Some patients with a HER2 THC score of 3+ received additional evaluation with FISH,
which resulted in three patients having inconclusive results, i.e. a HER2/CEP17 ratio of less
than 2.0. In one patient, the HER2 signals per cell were greater than 6.0 and the patient
received HER?2 targeted therapy. The other patients, however, had signals of less than 4.0
and one of them received HER?2 targeted therapy while the other did not.

There were twelve cases in different settings with a HER2 THC score of 2+ and a
HER2/CEP17 ratio between 2.0 and 2.2. Most of these cases had positive hormone receptors
(91.67%). In one of these cases, the ratio was evaluated twice, resulting in one result of 1.84
and one result of 2.17, and the patient did not receive HER2 targeted therapy. Another patient
had multifocal carcinoma, one focus with a HER2/CEP17 ratio of 2.052, the other with 1.44.
This patient received HER2 targeted therapy. Of the remaining 10 patients, 7 received HER2
targeted therapy in different settings, whereas 3 did not receive HER2 targeted therapy
despite a HER2/CEP17 ratio greater than 2.0. Overall survival in eight patients from this
patient group, i.e. patients in (neo)adjuvant setting, did not differ significantly to cases with
a HER2/CEP17 ratio greater than 2.2 (p=0.268; Fig. 10). However, these results must be
interpreted with caution due to the small number of cases.

Of the 327 patients in an adjuvant setting who were defined as having a HER2 IHC score of
2+ or 3+ by analysis of an excision specimen, 6 (1.8%) and 55 (16.82%) had a HER2 THC
score of 0 and 1+ in biopsy, respectively. In 85 cases, the HER2 IHC score of biopsies was
not available. Most of the other cases had the same scores for biopsy and excision specimens,

with some proportion changing from 2+ to 3+ and vice versa. (Fig. 11)
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Figure 11. HER?2 IHC scores in biopsy in relation to surgery in adjuvant treatment setting.
The left side refers to the former, the right side refers to the latter.
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4 Discussion

As shown in this retrospective study, breast cancer patients with a HER2 IHC score of 2+
and 3+ represent a substantially heterogenous patient group consisting of all molecular
subgroups of breast cancer, i.e. luminal like, basal like, and HER?2 like, in different settings,
1.e. neoadjuvant, adjuvant, and palliative. Of the 611 patients, 353 had a HER2 IHC score of
2+ and 258 had an IHC score of 3+, resulting in 343 HER2 positive cases, 264 HER2
negative cases, i.e. 230 luminal-like and 34 triple-negative subtypes, and 4 cases in which
the HER2 status was unknown. In terms of HER2 positive patients, 168 were in adjuvant
setting, 142 in neoadjuvant setting, and 33 in palliative setting, whereas 155, 77, and 32

HER?2 negative patients were in these settings, respectively.

Overall survival rates at 10 years in (neo)adjuvant setting in the total study population were
more than 75%, whereas overall survival rates at 5 years in palliative setting were less than
25%. Invasive disease-free survival rates, distant disease-free survival rates, and recurrence-
free survival rates in (neo)adjuvant setting at 10 years were all similar, with values ranging
from 65 to 70%. The results of our study population in total are nearly impossible to compare
to other studies, since our set of patients is so heterogenous and comprises all three molecular
subtypes in different treatment settings. Therefore, only subgroups can be compared with
published outcomes, and even then, it is known that clinical studies mostly have a bias
towards selecting patients with better performance status for inclusion. Our results may be

compared to population-based registries, but there is a lack of high-quality real time data.

In HER2 positive patients in (neo)adjuvant setting, HER2 targeted therapy had a substantial
impact on outcomes, leading to significantly better invasive disease-free survival rates,
distant disease-free survival rates, recurrence-free survival rates, and, most importantly,
better overall survival rates in patients receiving HER2 targeted therapy compared to patients
not receiving HER?2 targeted therapy. These results align with a Cochrane review evaluating
the benefits of regimens containing trastuzumab in early breast cancer compared to
chemotherapy alone or no therapy, which showed that regimens involving trasutzumab were
associated with statistically significant benefits in terms of overall survival rates and disease-
free survival rates.*® Other studies evaluating HER2 targeted therapy in a neoadjuvant
setting®>> and dual HER2 blockade in early HER2 positive breast cancer®” further

underscore the importance of adequate HER2 targeted therapy in HER2 positive patients.
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However, our results must be interpreted with caution, since patients in both neoadjuvant
and adjuvant settings were included. Furthermore, the significantly worse outcomes in
patients without HER?2 targeted therapy may stem from comorbidities in these patients, who
were not sufficiently fit to receive HER2 targeted therapy and may have had a worse
outcomes per se. Nevertheless, a substantial proportion of patients did not receive therapy
for other reasons, and therefore our results confirm that HER2 targeted therapy in HER2
positive patients is crucial for improving outcomes.

In terms of pathological complete response, HER2 positive patients had a significantly
higher rate compared to HER2 negative patients, with rates of 45.77% and 14.75%,
respectively (p<0.001). The rate in HER2 positive patients is slightly lower than the one in
published data®®- but still aligns with it, whereas the rate in HER2 negative patients cannot
be compared due to the exclusion of patients with a HER2 IHC score of 0 and 1+. Generally,
however, a lower pCR rate in HER2 negative patients — due to the high proportion of
hormone receptor positive cases - compared to HER2 positive patients poses the expected
result.

In HER2 positive patients in (neo)adjuvant setting receiving HER2 targeted therapy, there
was no difference in outcome between HER2 IHC 2+/FISH positive cases and HER2 THC
3+ cases. This leads to the conclusion that the degree of positivity assessed by IHC did not
substantially impact the response to HER2 targeted therapy in our study population. Rather,
in cases of HER2 positive breast cancer confirmed by any means of assessment, HER2
targeted therapy should be administered.

Nearly three quarters of HER2 positive breast cancer patients had positive hormone
receptors. Outcomes in HER2 positive cases with positive hormone receptors did not differ
significantly to those with negative hormone receptors, with a 10-year overall survival rate
of 78.49% and 76.65%, respectively. However, the overall survival rates at five years
showed a trend towards better survival in hormone-receptor positive cases. Compared to a
phase III trial with 6273 patients included in the analysis, a smaller proportion of hormone
receptor positive cases can be seen, i.e. 57.4%, and an 8-year disease-free survival of 80%
in hormone receptor positive cases and of 79% in hormone receptor negative cases.'®
Although these results seem similar, comparisons should be made with caution. Firstly, our
study comprised both patients in neoadjuvant and adjuvant settings, whereas the other
evaluated patients in adjuvant setting. Furthermore, results in other categories used to
measure outcomes, such as invasive disease-free survival rates, were lower in our cohort.

Moreover, we reported rates at 10 years, while the other study reported disease-free survival
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rates at 8 years. Of interest is the significant difference between hormone receptor positive
and negative patients in terms of the distribution of first disease-free survival events in years
6 to 8, and the type of first distant recurrence shown in the other study. These measures were

not evaluated in our study and therefore cannot be reproduced.

HER?2 negative patients in our cohort comprised hormone receptor positive breast cancer
patients, i.e. luminal like, and triple-negative breast cancer patients. Outcome measures in
(neo)adjuvant setting did not differ significantly between these two groups, with a 10-year
overall survival rate of 72.35% and 75.32%, respectively. However, outcomes in the two
groups diverged substantially in the first few years and converged in years eight to ten,
displaying a clear trend towards better survival rates in hormone receptor positive patients,
with a 5-year overall survival rate of 92.06% compared to 72.35% in hormone receptor
negative patients. These results align with the results from a study evaluating data from more
than 150,000 patients, which showed worse overall survival rates and cause-specific survival
rates in triple-negative breast cancer patients compared to non-triple-negative breast cancer
patients.!® This said, our results for HER2 negative patients should nonetheless be
interpreted with caution, given that we only assessed the small proportion of triple-negative
and luminal-like patients who had a HER2 IHC score of 2+. Therefore, a substantial number
of patients with score 1+ and 0 are not included in our analysis, which may have an impact
on the results. We will address this in future, when data for the whole cohort of breast cancer

patients at the Medical University Graz becomes available.

The association between hormone receptors and HER2 status was also notable. In our study,
the proportion of hormone receptor positive cases was higher in IHC 2+/FISH positive cases
than in IHC 3+ cases. Additionally, the median HER2/CEP17 ratio in IHC 2+/FISH positive
cases was higher when hormone receptors were negative. This could lead to the conclusion
that hormone receptor negativity may be linked to a higher degree of HER2 positivity, which
could result in a better response to HER2 targeted therapy. However, only 14 patients had
IHC 2+/FISH positive breast cancer with negative hormone receptors and the difference was
not significant. Furthermore, responses to HER2 targeted therapy and outcome measures
were not compared between these groups and therefore a possible association cannot be
validated.

Regarding HER2 heterogeneity, Figure 11 is particularly interesting, since it shows that an
appreciable share of patients had different IHC scores in biopsy and surgery despite
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receiving no therapy at this time. Furthermore, one patient underwent a FISH assessment of
the same specimen twice, each resulting in different HER2/CEP17 ratios - one greater than
and one less than 2.0 - and this patient did not receive HER2 targeted therapy. This gives
rise to a question as to whether these inconclusive results are due to HER2 heterogeneity and
how to deal with such patients. Regarding HER2 status assessment and the translation into
clinical practice, there are some notable discrepancies to the ASCO and CAP
recommendations. Some patients with an IHC score 3+ received an evaluation with FISH,
despite being classified as positive by ASCO/CAP. This resulted in three patients having
inconclusive test results, i.e. IHC 3+ and a HER2/CEP17 ratio of less than 2.0. In one patient,
the HER2 signals per cell were greater than 6.0 and the patient received HER2 targeted
therapy. The other patients, however, had signals of less than 4.0 and one of them received
HER?2 targeted therapy while the other did not.

Of 353 patients with a HER2 IHC score of 2+, only 12 patients had a HER2/CEP17 ratio of
less than 2.2 and greater than 2.0, with positive hormone receptors in nearly all patients. Of
these patients, four did not receive HER?2 targeted therapy, while the eight other patients did
receive HER2 targeted therapy in different settings. Of the patients receiving HER2 targeted
therapy, one had a multifocal carcinoma, with one focus with a ratio of less than 2.0 and the
other with a ratio greater than 2.0. On the other hand, one patient’s ratio was evaluated twice,
resulting in one value of less than 2.0 and one greater than 2.0, and the patient did not receive
HER?2 targeted therapy. Overall survival rates of eight of these patients, i.e. patients in
(neo)adjuvant setting, were similar to outcomes in patients with a HER2/CEP17 ratio greater
than 2.2. However, the case number is too low to draw conclusions about statistical
significance, hence these results are anecdotal evidence. Furthermore, the groups compared
were distinguished solely on the basis of their HER2/CEP17 ratios, irrespective of treatment

setting, receipt of HER?2 targeted therapy, or hormone receptor expression.

There is seemingly no broad consensus on how to deal with inconclusive results in terms of
HER?2 status. Furthermore, this data draws into question the consistent conversion of ASCO
and CAP recommendations on HER2 assessment into clinical practice. The change in the
threshold in the guidelines defining HER2 positivity via the HER2/CEP17 ratio - from 2.2
to 2.0 — gives rise to a question of clinical importance arises. Out of 353 patients with a
HER2 IHC score of 2+, only 12 had a HER2/CEP17 ratio between 2.0 and 2.2 and were
therefore affected by the change. Due to the low number of patients with these results in our

study population, it is not possible to make valid statements about differences in outcomes
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for patients in this situation stratified by receipt of HER2 targeted therapy. This means that
the clinical importance change of threshold cannot be determined here. However, this topic
warrants thorough evaluation in further studies, since withdrawing HER2 targeted therapy
from patients marked as HER2 negative while they would still benefit from HER?2 targeted
treatment may be considered highly unethical. On the other hand, these patients may be
exposed to the unnecessary toxicity of HER2 targeted therapy, which might be avoided if
therapy is not needed. A promising development in this area is the HER2 targeted product
trastuzumab deruxtecan, an antibody-drug conjugate approved for metastatic or unresectable
HER2 positive breast cancer. Apart from its antitumor activity in HER2 positive breast
cancer, trastuzumab deruxtecan demonstrated antitumor activity against breast cancer
patient derived xenograft models with low HER2 expression.!® Furthermore, it showed
promising antitumor activity in humans as has been shown in a phase I study of this therapy
in HER2 low expressing breast cancer, including a subgroup of HER2 ITHC 1+ breast
cancer.'% Phase II and III studies evaluating the benefit of this treatment in breast cancer
patients with inconclusive HER2 results as well as in HER2 low-expressing breast cancer
and HER2 THC 1+ breast cancer are ongoing and will provide important results. This

development could substantially change treatment options for these patient groups.

Our study has various limitations. Firstly, the study was conducted retrospectively, which
substantially elevates the risk of bias. Moreover, the study population was extraordinarily
heterogenous, which limits its informative value for specific patient groups. In times of
highly personalized medicine, this represents a major problem. Furthermore, the data
collected may be incomplete, since there is no unique electronic health record in Austria in
which patient data from all hospitals and physicians in private practice is captured. Instead,
only internal data of the Division of Oncology at the Medical University in Graz and
electronic  health records from the hospitals of the  Steiermirkische

Krankenanstaltengesellschaft m.b.H. were available.
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5 Conclusion

As shown in this study, breast cancer patients with a HER2 IHC score of 2+ or 3+ are a
diverse patient population in different settings. Overall survival rates at ten years in
(neo)adjuvant setting were more than 75%, whereas overall survival rates at five years in
palliative setting were less than 25%. In HER2 positive patients in our study, HER2 targeted
treatment was a crucial component resulting in better outcomes. The rate of pathological
complete response in our patient population was significantly better in HER2 positive
patients than in HER2 negative patients and aligns with published data. Clinical outcomes
did not differ significantly between HER2 positive, hormone receptor positive and HER2
positive, hormone receptor negative patients in our study, but there was a trend towards
better outcomes in the first group. In our patient cohort, there was a clear tendency towards
better survival rates in HER2 negative patients with positive hormone receptors compared
to HER2 negative patients with negative hormone receptors. However, outcomes converged
again in years eight to ten of follow-up and therefore there was no significant difference in
survival. Only a very minor group of patients in our study had a HER2/CEP17 ratio between
2.0 and 2.2. Therefore, the clinical importance of the threshold change of the ASCO/CAP
guidelines for HER2 positivity from 2.2 in 2006 to 2.0 in 2013 could not be determined.
HER2 heterogeneity and inconclusive HER2 results represent a difficulty for clinical
decision-making in the area HER2 targeted therapy, given the need to counterbalance
possible improvements in outcomes with the possible adverse events of the therapy. This
difficulty is illustrated by the inconsistent approaches to dealing with patients in this situation
which we encountered in this study. A promising development in this area is trastuzumab

deruxtecan, which might substantially change treatment options for these patients.
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Appendix — Supplemental Figures

iDFS in HER2 positive patients stratified by HER2 therapy
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DDFS for HER2 positive cases stratified by HR status

100+

754
S
D 50-
o
[a)

254

0 T T

T T T

T

0 2 4 6
Follow-up time (years)
Number at risk (DDFS events)
HRnegative 89 (13) 74 6) 59 1) 36 m
HR positive 221 (12) 203 (16) 159 (10) 93 (3)
— HR negative ~— HR positive

8 10
24 (0) 17
61 3) 28

Figure S5. Distant disease-free survival rates for HER?2 positive patients in (neo)adjuvant setting with positive (green

graph) and negative (blue graph) hormone receptors.
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Figure S7. Invasive disease-free survival rates for HER2 negative patients in (neo)adjuvant setting stratified by hormone

receptors. The blue graph displays hormone receptor negative cases, i.e. basal like breast cancer, whereas the green one

displays hormone receptor positive cases, i.e. luminal like breast cancer.
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