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the different aspects of breast-conserving surgery (BCS), specifically cosmetic outcomes, health-
related quality of life, risk factors for positive margins, and BCS after neoadjuvant treatment.
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Abstract

Background

With improved survival among patients with breast cancer, patients will also live
longer with the surgical and cosmetic outcomes and their potential impact on
health-related quality of life (HRQoL). However, larger cohort and prospective
studies in this field are lacking. The overall aim of this thesis was to study the
different aspects of breast-conserving surgery (BCS), specifically cosmetic
outcomes, health-related quality of life, risk factors for positive margins, and BCS
after neoadjuvant treatment.

Study I was a retrospective analysis involving 146 patients, aimed at investigating
cosmetic outcomes and breast symmetry in patients undergoing bilateral
therapeutic mammoplasty. Cosmetic outcome scores were collected from the
patients, surgeons, and BCCT.core (computer software). The results showed that
89% of patients had good or excellent cosmetic outcomes, as evaluated using the
software. Both patients and surgeons reported high average scores (9/10 vs. 8/10).

Study II was a retrospective analysis involving 432 patients in the primary cohort,
aimed at developing a predictive model for positive margins after BCS based on
preoperative data. This study presented a nomogram for risk evaluation that
included seven variables. In the development cohort, the prediction model
achieved an area under the receiver operating characteristic curve of 0.8. The
model was validated in two cohorts, demonstrating its efficacy in predicting
patients at high risk of positive margins.

Study III was a prospective study involving 226 patients, aimed at monitoring
surgical planning in patients before and after neoadjuvant surgery in relation to the
final procedure. The secondary aim was to identify the variables associated with
the application of BCS after neoadjuvant treatment. This study revealed that the
rate of BCS after neoadjuvant treatment increased from 37% to 52% during the
study period. Factors associated with BCS included smaller tumour size, benign
axillary status, and low mammographic density.

Study IV was a prospective study involving 340 patients, aimed at analysing
HRQoL at diagnosis and at the 1-year follow-up in four separate surgical groups.
Patients who underwent partial or oncoplastic partial mastectomy were more
satisfied with their breasts, had a better body image, and had higher sexual
functioning scores than those who underwent mastectomy with or without
reconstruction. The mastectomy group had the least number of symptoms in the
chest area.

In conclusion, these studies indicate that many patients have good outcomes in
terms of both HRQoL and cosmetic outcomes after breast cancer surgery. The rate
of BCS can still be improved, especially after neoadjuvant treatment. The
nomogram can help identify patients at a high risk of positive margins and guide
surgical planning to minimize the need for a second surgery.
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Populérvetenskaplig sammanfattning

Brostcancer drabbar tusentals kvinnor varje ar och dr den vanligaste cancertypen
hos kvinnor i Sverige, dir over 9000 svenska kvinnor é&rligen drabbas av
brostcancer. Antalet brostcancerfall okar i vidrlden men med moderna
behandlingsmetoder har prognos och Overlevnad forbittrats. Brostcancer kan
kirurgiskt behandlas med brostbevarande kirurgi, déar patienten far behélla storre
delen av sitt brost och tumoren opereras bort, eller med mastektomi dér hela
brostet opereras bort. Flera studier har visat att patienter som behandlas med
brostbevarande kirurgi och efterféljande stralbehandling har samma &verlevnad
som patienter som behandlas med mastektomi. Nyare studier har dven visat en
tendens till battre dverlevnad hos patienter som genomgatt brostbevarande kirurgi.

Det overgripande maélet for denna avhandling ar att studera olika aspekter av
brostbevarande kirurgi. Samtliga projekt i avhandlingen baseras pé uppgifter
inhdmtade frén brostcancerpatienter och deras behandling. Fokus &r livskvalitet,
kosmetik, operationsteknik och risk for omoperationer.

I takt med att overlevnaden forbéttrats for brostcancerpatienter, har fokus inom
brostkirurgin skiftat fran att primért handla om risk for aterfall i brostet eller att do
av sjukdomen till att dven inkludera hélsorelaterad livskvalitet och kosmetiskt
utfall. Patienterna sjdlva involveras i allt hogre grad i besluten géillande sin
behandling. Det hir r en utveckling som detta avhandlingsarbete vill bidra till.

En andra operation efter brostbevarande kirurgi &r nddvindig nédr tumoren ej ér
radikalt borttagen, det vill siga om kanten av den borttagna vévnadsbiten
innehaller kvarvarande tumorceller. Enligt internationella studier &r andelen av
patienter med kvarvarande tumorceller efter brostbevarande kirurgi mellan 10—
30%.

Onkoplastikkirurgi innebér att kombinera cancerkirurgin med plastikkirurgiska
tekniker for att optimera det kosmetiska resultatet. En fordel med onkoplastik-
kirurgiska tekniker &r mojligheten att operera bort stdrre vévnadsbitar ur brostet
med samma eller béttre kosmetiska utfall, vilket minskar risken for att forsta
operationen ¢j blir radikal. Studier har dven visat att patienterna ar mer ndjda med
det kosmetiska utfallet efter onkoplastikkirurgi. Onkoplastikkirurgin har blivit
alltmer vanligt forekommande i Sverige det senaste decenniet och det pagér en
snabb utveckling inom genren, men det finns enbart ett begrénsat antal studier som
sammanstdllt hur rutinméssig anvidndning av onkoplastikkirurgi paverkar
livskvalitet, kosmetiskt utfall, samt dven andelen omoperationer pa grund av ej
radikal operation.

For att utviardera anvéndningen av nyare kirurgiska tekniker behovs studier som
kan bidra med bevis for metodens inverkan pé& onkologiska, kirurgiska,
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livskvalitets-méssiga och kosmetiska faktorer och det finns fa studier inom
omradet som insamlar data framét i tiden (prospektivt).

Anvindandet av patientrapporterade utfallsmétt ar allt viktigare att inkludera i
planering av vard och behandling. Enkdtundersdkningar som patienten sjilv fyller
i anonymt eller med kodade uppgifter ger mojlighet att f& patientens egen
uppfattning om behandling och resultat. Detta kan bidra med vardefull
information, i fall dar vi tidigare framst undersokt onkologiska och kirurgiska
utfall.

Det har utforts och pégar an i dag omfattande forskning inom brostcancer. Den
storsta delen av forskningen som utvéarderar brostbevarande kirurgi dr baserad pa
data insamlade i efterhand (retrospektivt) och med den snabba utveckling som
skett inom onkologi och brostcancerkirurgi blir resultatet av retrospektiv forskning
snabbt foréldrade.

Samtliga fragestillningar och malséttningar i studierna har som fokus att kunna
bidra med kliniskt relevant information for brostcancerpatienters framtida kliniska
vard, gillande livskvalitet, kosmetik och val av operationsteknik. Resultatet av
studierna kommer potentiellt kunna vara av stor nytta for framtida patienter med
brostcancer och for kirurger infor val av operationsmetod. Med bittre kdnnedom
om det kosmetiska utfallet samt effekten pa livskvalitet kommer kirurgen kunna
ge patienten val utifrdn individens personliga forutséttningar och dnskemal samt
optimera handldggningen av patienter med brostcancer. Den onkologiska
sikerheten kommer alltid komma i forsta hand, men patientens livskvalitet samt
det kosmetiska utfallet har betydelse for patientens framtida liv.

Studie I

Forsta studien i avhandlingen handlar om kosmetiken efter brostforminskning i
samband med brdstcanceroperationen. Vid denna operation tas tumdren bort och
samtidigt minskas volymen pa brosten, ofta gors dven andra sidan samtidigt for att
uppna symmetri mellan brésten. I denna studie opererades samtliga patienter i
bada brosten vid forsta operationen.

Studien undersokte hur patienten, kirurgen samt ett datorprogram kallat
BCCT.core bedomde kosmetik och symmetri ett ar efter operationen. 146 patienter
inkluderades i studien. Slutsatsen var att en majoritet av patienterna hade ett bra
eller perfekt kosmetiskt utfall enligt datorprogrammet (89%). Patienterna var mer
ndjda med det kosmetiska resultatet 4n kirurgen. Patienternas medelpoéng var 9 pa
en 10-gradig skala medan kirurgens medelscore var 8 av 10.

Studie I1

Syftet med studien var att utveckla ett sa kallat nomogram, som é&r ett beslutsstod
infér operation utifran uppgifter som é&r tillgdngliga fore operationen.
Nomogrammet bedomer risken for att patienten ska behdva bli opererad en andra
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géng pa grund av icke radikal operation. Detta sker genom att fylla i individuella
patient- och tumoérdata for den enskilda patienten i nomogrammet. Utifran det sa
kan man utldsa en podng som motsvarar en uppskattad procentuell risk for att
behdva en andra operation pé grund av att forsta ej blev radikal. Med hjilp av det
utvecklade nomogrammet kan kvinnor som &r aktuella for brostbevarande kirurgi i
framtiden potentiellt erbjudas en individuell riskbedémning for risken for
omoperation i just deras specifika fall. Patienten kan da involveras mer i
rekommendationer och beslut géllande sin behandling. Kirurgen kommer dven fa
en indikation om risken for icke radikal operation och om man behdver 6verviga
mer generdsa marginaler eller annan operationsteknik som onkoplastikkirurgi.

Nomogrammet testades i en annan grupp av patienter frén ett annat sjukhus, och
hade di god formaga att forutspd vilka patienter som skulle drabbas av icke
radikal operation.

Studie 111

Studiens syfte var att folja patienter som gavs neoadjuvant cellgiftsbehandling och
var planerade for brostbevarande operation och sedan se vad operationsutfallet
blev; brostbevarande kirurgi eller mastektomi. Det andra syftet var att hitta
faktorer som paverkade mdjligheten for brostbevarande kirurgi.

Studien inkluderade 226 patienter under flera &r och andelen brostbevarande
kirurgi dkade under aren, frdn 37% till 52%. Priméra faktorer som paverkade
mojligheten for brostbevarande kirurgi var tumorstorlek, sjukdom i kortlarna i
armhalan och brosttitheten pA mammografi. I takt med forbattrad behandling ska
dven andelen brostbevarande kirurgi kunna 6ka. Faktorerna som identifierades i
denna studie kan ge stod i beslutet hur brostbevarande kirurgi anvinds pa bésta
sétt inom denna patientgrupp.

Studie IV

Studiens syfte var att undersoka livskvalitet fore och efter brostcanceroperation
och studera eventuella skillnader i livskvalitet och patientndjdhet mellan olika
operationsmetoder. Totalt inkluderades 351 patienter som fyllde i
livskvalitetsenkdter vid diagnos samt vid 1-arsuppfoljningen. Studien visade att
onkoplastikkirurgi och traditionell brostbevarande kirurgi hade bést resultat
avseende kroppsbild, sexuell hélsa och ndjdhet med brosten jamfort med
mastektomerade patienter och dven patienter som rekonstruerades med protes.
Mastektomerade patienter hade minst symptom fran operationsomradet.

Denna studie betonar hur viktigt det dr att bevara brostet nir det &r mojligt och
understryker att en brdstrekonstruktion inte dr likvardigt med en brostbevarande
operation.
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Thesis at a glance

Study Aims Methods Results
1 To investigate Retrospective study The majority (89%)
cosmetic outcomes involving 146 patients. | of the patients had

Preoperative

Postoperative.

and breast
symmetry in breast
cancer patients
undergoing bilateral
therapeutic
mammoplasty.

Scores from patients,
surgeons, and
BCCT.core were
collected. Correlations
between scores were
compared using
Wilcoxon’s matched-
pairs signed-rank sum
test and Spearman’s
rank correlation
coefficient.

good or excellent
cosmetic outcomes
based on BCCT.core
scores. The patients
were more satisfied
with the cosmetic
outcomes than the
surgeons.

Nomogram for predicting positive

II

resection margins

To develop a
prediction model for
positive margins
after BCS based
exclusively on
predictors that are
easily available
before surgery.

Retrospective study
using multivariable
logistic regression to
develop a prediction
model for positive
margins including
variables with
discriminatory capacity
identified in a
univariable model.
Two validation cohorts
were used.

Seven variables
were included in the
final prediction
model, which had an
area under the curve
of 0.80. The
prediction model
showed good ability
to predict positive
margins after BCS
also in the validation
cohorts.

I

BCS vs. mastectomy per year

To monitor patients
before the start of
NAC in relation to
the final surgical
procedure and to

Prospective study
involving 226 patients
using univariable and
multivariable logistic
regression models

The BCS rate after
NAC increased from
37% to 52% during
the study years.
Factors associated

identify variables of | including covariates of | with BCS included
. - II clinical significance | known clinical tumour size, axillary
_ associated with the relevance and those status, and
® Mastectomy ®BCS application of BCS associated with the mammographic
after NAC. outcome. density.
v To analyse HRQoL Prospective study Oncoplastic surgery
in patients with involving 340 patients and partial
Satisfaction with breasts breast cancer using ANOVA and the | mastectomy were

undergoing surgery
at baseline and 1-
year follow-up and
to evaluate if the
surgical groups had
different outcomes.

Kruskal-Wallis test to
analyse differences in
HRQoL between four
surgical groups. The
results were adjusted
for confounders using
ANCOVA.

associated with the
best outcome in
body image and
breast satisfaction.
Patients undergoing
mastectomy had the
least symptoms in
the chest area.
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“To cure sometimes, to relieve often, and to comfort always.’
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Introduction to the thesis

Breast cancer is currently the most prevalent cancer among women. In Sweden,
approximately 9000 patients are diagnosed with breast cancer annually. Surgery
remains the primary treatment for most patients with breast cancer. According to the
National Quality Register for Breast Cancer in Sweden, the rate of breast-conserving
surgery (BCS) in 2010 was 57%; 10 years later, in 2022, the rate had increased to
73%. Substantial differences persist among Sweden’s hospitals, with rates ranging
from 56% to 90% [1]. Survival rates have followed a similar trend, increasing from
a relative 5-year survival rate of 74% in the 1980s to 93% by 2020 [2].

The overall aim of this thesis was to explore different aspects of BCS. More
specifically, the four studies within this thesis explored cosmetic outcomes, health-
related quality of life (HRQoL), risk factors for positive margins, and BCS after
neoadjuvant treatment.

With overall survival steadily increasing following breast cancer treatment, many
women are expected to live for a long time with the cosmetic results of their
surgery. Therefore, improving HRQoL and cosmetic outcomes should be among
the main aims in breast cancer surgery. Both cosmetic and functional outcomes
contribute to patient satisfaction and quality of life. Personalised oncoplastic
surgery, which integrates oncoplastic surgery into BCS, allows wider excision and
expands the limits of breast conservation. This approach helps prevent cosmetic
deformities and reduces both re-excision and mastectomy rates.

Breast cancer is a heterogeneous disease, and no two patients have identical breast
sizes, shapes, and other personal attributes. Additionally, the composition of the
tumour and prognosis vary. The size of the tumour in relation to the size of the
breast is the single most important predictor of potential cosmetic results after
BCS. A higher likelihood of a poor cosmetic outcome exists when a large
proportion of the tumour volume is excised without incorporating an oncoplastic
approach. Systematic schedules have been developed to facilitate decisions
regarding the surgical method (Figure 1). The location of the tumour within the
breast also influences cosmetic outcomes, with the central, medial, and inferior
parts of the breast being more challenging locations.

Effective surgical management is the cornerstone of breast cancer treatment. This
is a rapidly evolving field in medical and surgical practice, and personalised,
tailored treatment is a priority in the modern era. Oncoplastic surgery combines
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oncological principles with plastic surgery techniques, but it is much more than a
mere combination of the two disciplines. It is a toolbox and philosophy on how to
best choose and perform surgery for each individual patient with breast cancer.
The concept of oncoplastic surgery not only refers to a surgical procedure but also
defines an approach and mindset for decision-making and execution of breast
surgery. Oncoplastic breast surgeons make a commitment to consider the cosmetic
results of all breast cancer surgeries and not only for larger resections. Therefore,
all patients can be considered for an oncoplastic approach because the integration
of cosmetic results into oncological and surgical decision-making applies to all
patients undergoing breast cancer surgery. Regardless of whether a specialised
technique is indicated, the approach and planning ought to be oncoplastic in
nature.

Many patients present with a small tumour, detected within the screening program,
and a favourable tumour-to-breast size ratio. They could be candidates for
conventional forms of BCS with a simple lumpectomy and a scar over the tumour
location. On the other end of the scale are patients who, for oncological reasons,
need a mastectomy or have a genetic mutation and are recommended a risk-
reducing mastectomy. The oncoplastic approach permeates right down to a
cosmetically optimised simple mastectomy. The area between the two extremes of
simple lumpectomy and mastectomy is the main field for the oncoplastic toolbox.
Obtaining the experience needed to understand where, when, and which tool is
best used for each individual patient requires training and hands-on supervision.
To optimally choose the best surgical technique, continuous and systematic
evaluations of outcomes, including HRQoL and cosmesis, should be conducted to
establish evidence-based guidelines. Finally, patients’ wishes and opinions on the
preferred treatment should always be considered. Breast cancer is a complex,
multifactorial disease, and effective treatments are continually evolving through
research, clinical trials, and multidisciplinary collaborative efforts.

As breast surgeons, we have the responsibility to guide our patients in decision-
making, as well as to continue development and training to further promote the
goal of an optimal outcome for each patient. Considering the advances in breast
cancer surgery over the last 20 years and the oncological advances leading to
longer survival for breast cancer patients, the skills required by breast cancer
surgeons have increased alongside the development of a favourable prognosis.

24



. 8F 40F
36E 1 38E 1 40E 1
Bra size 34DD 36DD ; 38DD |  40DD | l
320 3D | 36D 1 38D | 4op | 1 1
132C 01 34C1 36¢c | 38c | 40c | I [} 1
13281 34 | 36B | 38B | 4oB | I 1 1 1
1 1 I 1 1 I

324 1 34A 1 36A | I

25

—

—i

20
3
=
2z 2
g2 15
%)
§ —
- Tumour
= 10 diameter
)
(cm)
5

- S o N S & & \@‘ & 09“ \..,m“ x"é \@“

Volume of breast (cm?)

Figure 1. Schematic representation of oncoplastic surgery (Adapted from Open Access [3])
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“We are what we repeatedly do.
Excellence, then, is not an act, but a habit.”

- Will Durant
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Background

Epidemiology and risk factors

In 2022, 9429 new cases of breast cancer were diagnosed in Swedish women,
according to the annual National Swedish Quality Registry report. The 5-year
observed survival rate was reported to be 84%, and the average 10-year survival
rate was 72% [1]. When including patients from all Nordic countries, the number
is close to 210000 new cases per year, and 4000 women die annually from breast
cancer. In 2020, over 328000 women were living with breast cancer in Nordic
countries [4].

The incidence of breast cancer has increased since the 1980s (Figure 2), and breast
cancer mortality has decreased during this period (Figure 3) [4]. This means that
the number of women living with breast cancer is increasing annually, but cancer
is still the most common cause of death in women below the age of 80 years.

The most important risk factor for the development of breast cancer is female sex.
Other risk factors include older age; family history; reproductive factors;
oestrogen supplements; dense breasts; and lifestyle factors, such as alcohol
consumption and obesity [5]. Several genetic risk factors for breast cancer also
exist, the most common being BRCA1 and BRCAZ2, found in 2-3% of all women
diagnosed with breast cancer. During the screening of patients with a family
history of breast cancer, seven other genes have been analysed (4TM, BARDI,
CHEK?2, PALB2, RAD51C, RAD51D and TP53) [6].
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Figure 2. Breast cancer incidence [4] Figure 3. Breast cancer mortality [4]
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Treatment of breast cancer

Diagnostics

The National Board of Health and Welfare in Sweden has recommended
mammographic screening for all women since 1985, and currently, all women
aged 40-74 are invited to undergo screening every 18—24 months [7]. Every year,
over one million women are invited to undergo screening mammography, and
approximately 60% of all breast cancers are detected through screening [8].

The gold standard for assessing a suspected lesion, whether detected through
screening or symptoms, is triple diagnostics. This includes radiological assessment
using both mammography and ultrasound of the breast and axilla, along with a
biopsy. Triple diagnostics have high sensitivity, and in previous studies, their
accuracy reached over 95% [9, 10]. Today, many Swedish hospitals have
established breast cancer centres where teams work multidisciplinary, both in
diagnostics and treatment planning for patients with breast cancer. This involves
multidisciplinary conferences and assistance from contact nurses and other
healthcare personnel.

Classification of breast tumours

The histological classification of malignant breast tumours is depicted in Figure 4
[11]. The WHO classification of breast tumours states that the most common type
of breast cancer is “no special type,” previously referred to as invasive ductal
cancer, accounting for approximately 70% of all cases [6]. The second most
common type is invasive lobular cancer, which accounts for approximately 5-15%
of cases.

The molecular classification of breast tumours is stratified into five groups: luminal
A, luminal B, HER-2 positive luminal, HER-2 positive non-luminal, and basal/triple
negative. This is based on immunohistochemical subtyping, complemented by in
situ hybridisation according to the St. Gallen International Consensus [12]. The
classification is mainly determined by the oestrogen receptor (ER) status,
progesterone receptor (PGR) status, HER-2 status, and proliferation assessed using
Ki67 (Figure 5).

Recently, gene expression analysis using RNA expression levels has been
introduced as a new molecular classification method. These genomic tests provide
information about the molecular type of breast cancer. They also offer prognostic
predictions using a risk score to help determine the best adjuvant treatment for
each patient. In Sweden, gene expression analysis is recommended for
postmenopausal women with luminal tumours and an ambiguous risk of
recurrence (Figure 5). This allows tailoring of adjuvant treatment according to the
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risk of recurrence [6].

A variety of tests,

including Oncotype DX™,

Mammaprint®, and Prosigna®, are available. In Region Skéne, a single-sample
predictor developed from the Scan-B initiative is utilised [13].

In situ

Ductal

Breast cancer
Invasive
Lobular Ductal

(no specialtype)

Lobular
Mucinous

Metaplastic
Tubular —

Cribiform
Apocrine —

Figure 4. Histological classifications of breast cancer (Made by K. Gulis)

29



ER-negativ
PR-negativ

HER2-negativ

ER-positiV_ HER2-positiv
HER2-negativ

Ki-67 > 30%

T
Genexpressionsanalys*
i

Premenopausalt
eller ej aktuell for
cytostatika

PR PR
> 20% <20% L
T T A Y

HER2-positiv / HER2-positiv / Trippelnegativ
Luminal B-lik N . "
Luminal icke luminal

Figure 5. Molecular classification of breast cancer [6]

Surgery

Mastectomy

Mastectomy traditionally involves the removal of all breast tissue, breast skin,
and the nipple-areola complex. Radical mastectomy was introduced in the late
19" century and involved a large incision and removal of the whole breast, both
pectoral muscles, and the entire axillary lymphatic tissue, ad modum Halsted
(Figure 6) [14]. The modern version, in which only the breast and axillary nodes
are removed, called modified radical mastectomy, has been the standard surgical
procedure for more than 50 years in Sweden and was developed by Patey [15].
According to the current international consensus guidelines, mastectomy should
only be performed when BCS is not feasible or ontologically safe [16]. This is
based on numerous studies showing no difference in survival when comparing
mastectomy to BCS with radiation therapy [17-19]. Additionally, studies have
demonstrated improved HRQoL for women who have undergone BCS compared
with those who have undergone mastectomy [20]. A recent study conducted in
Sweden even showed a slight improvement in the survival of women who
underwent BCS over mastectomy [21].
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Figure 6. Halsted’s radical mastectomy (Reprinted with permission from Elsevier [22])

The last decade has also seen some advances in the surgical approach for patients
with indications for mastectomy, such as those with a large tumour size or those
diagnosed with a hereditary predisposition. These improvements include skin- and
nipple-sparing mastectomies. In nipple-sparing mastectomy, both the skin of the
breast and the nipple-areola complex are spared, making it an acceptable
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alternative to standard mastectomy [23-25]. This enables surgeons to perform the
surgical incision for example through the inframammary fold, keeping the mound
of the breast without scarring and preserving the best cosmesis when performing
breast reconstruction. Several other incisions are possible for nipple-sparing
mastectomy (Figure 7). Studies have shown a similar risk of local recurrence, with
no difference in survival [23-25].
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Figure 7. Incisions in nipple-sparing mastectomy (A: periareolar, B: radial, C: inframammary
fold) (Reprinted from Open Access [26])

Breast reconstruction can be performed with either a breast implant or autologous
tissue, enabling breast reconstruction using the patient’s own tissue. It can also be
performed as an immediate or delayed procedure, either in conjunction with the
primary cancer surgery or one to several years later [27-29].

The decision on immediate or delayed reconstruction varies based on factors
ranging from the patient’s preference to technical aspects, such as the necessity of
postoperative radiotherapy. No differences in oncological outcomes have been
reported based on the timing of breast reconstruction [30]. Both immediate and
delayed reconstructions have been shown to improve the quality of life of patients
compared with those who underwent mastectomy only [31, 32].
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Breast-conserving surgery

As early as 1954, a Finnish radiation oncologist reported that 127 patients who
were treated with only tumour extirpation, followed by radiotherapy, had
oncological outcomes similar to those of patients treated with radical mastectomy
[33]. The first large studies on the safety of BCS in combination with
radiotherapy compared with mastectomy were published in the 70s by Fisher and
Veronesi. The traditional breast-conserving surgical techniques described by
Fisher (lumpectomy) and Veronesi (quadrantectomy) essentially involve an
incision over the tumour, removing the tumour and a piece of healthy breast
tissue around the tumour. The current practice is to combine radiotherapy for the
remaining breast tissue to reduce the risk of local recurrence [34].

In 2002, follow-ups in both the Fisher and Veronesi trials showed no survival
benefit for mastectomy compared with BCS followed by radiotherapy, even after
20 years [17, 18] (Figure 8).

Veronesi/Fisher - no improved
survival with mastectomy

Fisher et al:

Halsted's Extended Extensive surgery || publications on 20-year follow-up
radical radical questioned in Life the safety of confirms the
mastectomy mastectomy magazine BCS previous results

1880; 1900 11920 1940 | 1960 | 1980 i 2000 2020
1 : 1 . 1 1 : 1 : 1 : 1 1

Figure 8. Timeline of the development of BCS (Made by K. Gulis)

Oncoplastic breast surgery (OPBS)

In the 90s, the introduction of oncoplastic surgery, which combines standard BCS
with plastic surgery, further advanced the surgical field for patients with breast
cancer [35, 36]. If less than 15% of the breast is removed, standard BCS often
results in good cosmetic outcomes [37]. If larger excisions need to be made,
oncoplastic surgery helps facilitate a better cosmetic outcome [38-41] and also
offers the possibility of avoiding mastectomy in patients with larger tumours [42,
43]. A meta-analysis showed superior or at least equivalent outcomes in the
included studies when comparing OPBS with BCS [44]. The benefits of OPBS
include the possibility of resecting larger tumours, wider surgical margins, and
better aesthetic results [44].
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Many different classifications have been suggested for oncoplastic surgery, with
one of the most widely used being the Clough bi-level classification. In this
classification, the amount of tissue removed determines whether the surgery is
classified into level 1 (up to 20%) or level 2 (over 20%). This classification was
recommended in clinical practice at the 2017 International Consensus conference
[45].

The same consensus conference also recommended using Hoffman’s classification
system for surgical reports. This classification includes six different levels and is
further divided into 12 main categories, 13 subcategories, and 39 subcategories
[46]. This demonstrates the complexity of oncoplastic surgery, and the description
of techniques can be made very complicated.

For simplicity, oncoplastic can be divided into three main principal techniques:
volume displacement, volume replacement, and reduction techniques [36, 47, 48].

Volume displacement is essentially the reorganisation of the existing tissue to fill
the cavity after a tumour is removed, whereas volume replacement involves
moving the tissue from outside the breast mound into the breast to fill the same
cavity (Figure 9). Breast reduction techniques involve reducing the volume of the
breast and moving the nipple position to make the breasts smaller while removing
the tumour and maintaining an optimal breast shape. Typically, this involves
performing the same surgery on the contralateral side [49].

Figure 9. Volume replacement technique—Ilateral intercostal perforator flap (LICAP)
(Original artwork by Dr. Hoskuldsdottir).
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Figure 10. Oncoplastic surgical techniques. (Reprinted with permission from Elsevier [50])

Figure 10 shows some common volume displacement techniques, as well as the
most common reduction technique (inverted-T mammoplasty).

Regardless of the classification used, mastering these surgical skills requires
training in plastic surgery techniques in addition to standard breast surgery. Plastic
and general surgeries are two distinct surgical specialties in Sweden. Therefore,
training for a breast surgeon often needs to involve plastic surgery, either by
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working at a breast cancer centre with a plastic surgeon on the team or by visiting
a centre that has a plastic surgeon on site. Sweden has no specific examination for
breast or oncoplastic surgery. However, the European Board of Surgery
Qualifications (EBSQ) offers examinations in Breast Surgery. Successful
candidates are granted the title of Fellow of the European Board of Surgery in
Breast Surgery. Additionally, one can apply for certification in ‘“additional
education in oncoplastic surgery” from the Swedish Association of Breast
Surgery. No official program is available for this educational pathway, but specific
skills are recommended for applying for certification.

Axillary surgery

Axillary surgery has undergone similar developments as breast surgery. In
Halstead’s time, all patients underwent a full axillary lymph node dissection
(ALND). ALND involves the removal of tissue between three anatomic
landmarks: the axillary vein superiorly, the thoracodorsal bundle laterally, and the
chest wall with the long thoracic nerve medially. Between 10 and 30 lymph nodes
are usually removed en bloc [51].

ALND is extensive and carries the risk of complications, such as lymphoedema,
neuropathic pain, and limitations in shoulder motion [52, 53]. In the early 90s,
sentinel node biopsy was first described [54]. Subsequently, evidence arose that
sentinel node biopsy was equivalent to ALND as a staging procedure, as long as
the sentinel nodes were benign [55].

During the last few decades, several studies have proven the safety of omitting
ALND with micrometastatic nodes alone or fewer than three macrometastatic
nodes. These guidelines have now been implemented in Sweden [56]. The most
recent research suggests that axillary surgery can be omitted completely in certain
patient categories without affecting oncological outcomes [57].

Adjuvant therapy

Endocrine therapy

Endocrine therapy with tamoxifen or aromatase inhibitors is a cornerstone in
adjuvant treatment for all patients with hormone receptor-positive disease, which
applies to close to 80% of all patients. Endocrine therapy substantially reduces
both local recurrence and mortality rates [58].

Tamoxifen is an anti-oestrogen drug, which is a competitive inhibitor of
oestradiol, blocking its effects on target organs [59]. Tamoxifen was first
developed in the 70s but continues to be one of the primary adjuvant treatments
for breast cancer.
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Aromatase inhibitors are drugs that inhibit the enzyme aromatase, resulting in a
decrease in oestrogen synthesis in tissues containing aromatase [60]. Serum levels
of oestradiol are reduced by 70-80% in healthy postmenopausal women [61].

The recommendation is 5 years of adjuvant endocrine therapy for node-negative
patients and up to 10 years for node-positive patients. For premenopausal women,
tamoxifen or aromatase inhibitor in combination with ovarian suppression are
recommended. For postmenopausal women, aromatase inhibitors are the preferred
initial therapy but can be switched to tamoxifen if needed, for example, if the side
effects are poorly tolerated [6, 62, 63].

Radiation therapy

Current guidelines recommend that all patients with breast cancer undergoing BCS
receive postoperative radiotherapy [6]. Radiotherapy reduces the risk of local
recurrence and improves survival [34, 64, 65].

In node-negative patients, radiotherapy is localised only to the breast, whereas
node-positive patients receive locoregional radiotherapy, including both the breast
and regional lymph nodes. In patients who have undergone mastectomy, local
radiotherapy is recommended only if the tumour is larger than 5 cm or there is
overgrowth to the chest wall and/or the skin of the breast. Finally, patients with
inflammatory breast cancer are candidates for radiotherapy, even when
mastectomy is performed.

In a small subgroup of patients with low-risk cancer and those aged > 65 years,
radiotherapy can be omitted. However, this approach entails a higher risk of local
recurrence (up to 9% in 10 years) but has no negative effect on survival [66, 67].

Initially, all patients received 50 Gray in 25 fractions. This dose was de-escalated
to 40 Gray in 15 fractions, with studies showing no difference in the outcomes
[68]. Recently updated guidelines now reduce the fractions to 26 Gray in 5
fractions for patients aged >50 years, with no difference in outcomes [69].

Chemotherapy

Chemotherapy is usually administered postoperatively, and approximately 30% of
all patients with breast cancer receive some form of chemotherapy [1]. The most
common treatment involves a combination of anthracyclines and taxanes. These
cytotoxic drugs kill rapidly growing cells, including cancer, hair, skin, and
gastrointestinal tract cells. Studies have shown improved survival and recurrence
rates with adjuvant chemotherapy [70, 71], and the first meta-analysis was
published as early as 1988 [72].

The choice of systemic therapy, including chemotherapy after surgery, is based on
tumour biology, tumour stage, and individual factors, such as age. Endocrine
therapy and radiotherapy are sufficient for favourable tumour subtypes (node-
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negative, low-grade, and hormone-positive). Triple-negative, HER-2 positive, and
inflammatory cancers are more aggressive subtypes. However, they are also
chemotherapy-sensitive, and most patients with these subtypes receive either
neoadjuvant or adjuvant chemotherapy if they can tolerate it.

Neoadjuvant therapy

Neoadjuvant chemotherapy (NAC) is defined as chemotherapy administered
preoperatively. Trials with NAC started in the 70s, involving patients with
inoperable breast cancer [73], and showed improved survival compared with
radiotherapy alone. Subsequent studies have shown that NAC in patients with
operable breast cancer yields similar survival rates [74]. However, one study
showed a slightly higher risk of local recurrence [75]. A Cochrane review
conducted in 2007 showed that NAC was safe and could be used to evaluate
chemosensitivity, downstage tumours, and subsequent surgical requirements [76].
Total pathological response, defined as the absence of invasive tumour cells in the
surgical specimen after NAC, significantly improves the prognosis and survival of
the patient [77, 78]. ER negativity and high Ki-67 levels are two of the most
important predictive markers for a better response to NAC [79]. Additionally,
HER-2 positivity is also an important predictive marker [80]. In a recent meta-
analysis, invasive lobular cancer was shown to have a lesser marked response to
NAC than ductal invasive cancer [81].

Two independent meta-analyses concluded that undergoing chemotherapy before
surgery instead of after does not result in a survival disadvantage [82, 83]. More
recent research has indicated improved surgical outcomes for the patients through
BCS and de-escalation of axillary surgery [84]. A third meta-analysis showed no
difference in the number of surgical complications between patients treated with
NAC and a control group of patients not receiving NAC [85].

BCS should be performed after NAC if feasible and if no contraindications exist
(for example mutation carriers or inflammatory cancer). A study involving over
1000 patients showed that the rate of BCS remained constant over a 10-year
period, even though treatment improved, and the response rates were much higher.
The reason for mastectomy was a personal choice in 53% of the patients,
suggesting that surgical decisions are often driven by factors beyond the disease
and treatment response [86].

Previously, all patients who underwent NAC were considered candidates for
ALND after NAC. Studies have shown that if the axillary nodes are healthy before
NAC the sentinel node procedure is sufficient [87]. When one to three axillary
nodes are metastatic before NAC, one of the nodes is clipped. If the nodes show
no signs of disease after NAC (evaluated by ultrasound), then targeted axillary
dissection (TAD) can be performed instead of ALND, without affecting survival
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or recurrence rates [88, 89]. TAD involves the removal of the clipped node, and
simultaneously a standard sentinel node procedure is performed.

Ongoing studies are investigating the prospect of omitting surgery in exceptional
responders who are assumed to achieve a pathological complete response (PCR)
after NAC. One prospective study involving 50 patients with triple-negative
tumours performed vacuum-assisted biopsies after NAC. If PCR was confirmed in
the obtained samples, no further surgery was performed. Early results have not
revealed any recurrences thus far [90].

Currently, approximately 13% of all patients with breast cancer in Sweden receive
NAC as the primary therapy [1]. The main target groups are patients with triple-
negative, HER-2 positive, and inflammatory breast cancers. However, locally
advanced cancers of other subtypes can be candidates for NAC. Figure 11 shows
an example of NAC response on mammogram images before and after NAC.

il

Figure 11. Mammogram images of breast cancer before (a) and after (b) NAC. (Reprinted from
Open Access [91])
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Margin assessment in breast surgery

BCS has the disadvantage of a risk of positive margins, necessitating a second
surgery for the patient. The incidence of positive margins in BCS ranges from
below 10% to 30% [92, 93]; thus, one to three of every ten patients will require
more than one surgical procedure for their breast cancer. Secondary surgery has
multiple potential negative implications, such as an impact on cosmetic outcomes,
quality of life, delay in adjuvant therapy, and healthcare costs [94-97]. The
optimal resection margin for BCS remains a topic of ongoing debate and has been
a field of research for more than 20 years. The finding that a positive margin is a
risk factor for local recurrence was established early [98-100], but the optimal size
of the free margin is still being investigated.

The current Swedish guidelines state that a radical surgery requires “no tumour on
ink,” meaning no tumour cells on the margin of the specimen. For ductal
carcinoma in situ (DCIS), the guidelines currently recommend a 2 mm margin [6].
The guidelines in Europe and America are similar [16, 101] and are all primarily
based on the American guidelines published in 2016 [102].

One area of research in the field of positive margins has been to identify possible
predictors to better guide surgeons in the choice of surgery. The early studies
primarily evaluated postoperative variables associated with positive margins,
revealing that large tumour size, lobular cancer subtype, DCIS, and multifocality
are important factors [100, 103-105]. Follow-up studies have developed various
nomograms for assessing the risk of positive margins, mainly using postoperative
variables, with the goal of facilitating decision-making by surgeons [106, 107].
Recent studies have used preoperative variables, arguing that to make decisions
ahead of planning surgery, only preoperative variables can be included, rather than
postoperative information. The more recent nomograms developed involved
similar risk factors associated with positive margins as those based on
postoperative findings [108-111].

The trend in the last decade has been to move towards smaller resection margins
needed for oncological safety. However, last year, a study was published
proposing that a 1 mm margin should be recommended over the “no tumour on
ink” guideline that has been applied the last decade [112]. The recommendation
was based on the finding that a survival benefit was found with wider margins of
at least I mm.

Recent studies have also revealed new modern assessment possibilities, such as
MRI of intraoperative specimens or fluorescent stain pairs, for evaluating clear
margins and further reducing the number of positive margins, consequently
decreasing the need for a second surgery [113, 114].
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Health-related quality of life in cancer patients

With improved survival in patients with breast cancer, the focus on patient-
reported outcome measures (PROMs) has increased. PROMs quantify aspects of
the health-related quality of life (HRQoL) from the patient’s perspective. PROMs
complement traditional oncological outcomes and offer important information
regarding the patients’ views on the impact and outcomes of their surgery and
treatment. Given the ongoing development of surgical techniques to preserve the
breast, evaluating HRQoL using PROMs is important.

The first studies on HRQoL in patients with breast cancer were published in the
1980s. Meyerowitz examined the psychosocial correlates of breast cancer, and
Spiegel et al. studied the psychosocial support needs of women with metastatic
breast cancer [115, 116].

The development of a new PROMs is a long and time-consuming process that
involves structured steps and strict norms. Therefore, finding and using a pre-
existing validated PROMs is of value if there is a suitable PROMs for the intended
study. If no suitable PROMs exists, the previously made PROMs can be a stepping
stone to creating a new one.

The development usually starts with either a concept or idea and then a conceptual
framework is created. An example of how this can be visualized was presented
already in 1984, shown in figure 12 [117].

Disease

Personal Functioning

Psychological Distress/Well-Being

General Health Perceptions

Social/Role Functioning

Figure 12. Evaluating the impact of disease. (Reprinted with permission from John Wiley and Sons [117])
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Thereafter interviews can be conducted and analysed qualitatively to generate
questions for each domain, and there can also be further questions added that are
deemed important by health-care professionals (for example physicians, nurses,
and psychologists). Test questionnaires can then be developed and sent out for a
first verification of the questionnaires. The returned questionnaires can then be
analysed using psychometric methods for validity, reliability, and acceptability.
The updated questionnaires can then be sent out for a second verification [118].

One important aspect of evaluating HRQoL is capturing longitudinal data,
showing changes in HRQoL over time. Many studies on patients with breast
cancer have been performed on captured postoperative data, disregarding the level
of patients’ HRQoL before surgery. Longer follow-up is also important because
postoperative satisfaction can change over an extended period.

The most common PROMs used in breast cancer is the Breast-Q. In 2016, a study
was published in which 200 women were included postoperatively after BCS. The
authors concluded that the domain “Satisfaction with breasts” had a significant
correlation with the other domains, suggesting that satisfaction with the
postoperative result is a good proxy for the other domains [119].

One domain frequently used is physical well-being, and a Cochrane review
conducted in 2006 showed that exercise is an effective intervention to improve the
quality of life, cardiorespiratory fitness, physical functioning, and fatigue in
patients with breast cancer and survivors [120].

Other domains include social issues and financial concerns. A systematic review
and meta-analysis evaluated the effect of financial toxicity in patients with breast
cancer, and showed a substantial impact on patients worldwide [121]. Financial
toxicity is the negative impact of the cost of care on financial well-being. The
study showed that low- and middle-income countries experience much higher
toxicity than high-income countries. The other PROMs used in this thesis, the
EORTC-QLQ, covers both the social and financial domains.
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Cosmetic outcomes in breast cancer

Cosmetic outcomes are studied in different ways in patients with breast cancer: by
a panel of surgeons, by the patients themselves, and by different objective
instruments for evaluating cosmesis. These are described further in the Methods
section.

Most evaluation methods are subjective, but this does not negate the importance of
evaluating cosmetic outcomes in patients with breast cancer. In 2003, a Cochrane
review showed that cosmesis and satisfaction after BCS correlated with the
percentage of breast volume excised (EPBVE) [37]. The findings revealed that
when the EPBVE was below 10%, over 80% of patients were very satisfied with
their appearance, and only 3% were not satisfied. In contrast, when the EPBVE
exceeded 10%, the satisfaction rates dropped to 37%, and dissatisfaction increased
to 17%. In addition, medial tumour location was associated with worse cosmetic
outcomes, indicating that tumour location has an impact [37].

A systematic review conducted in 2013 showed that OPBS led to good cosmetic
outcomes in over 80% of patients. However, the conclusion was that most studies
were poorly designed and underpowered [122].

A Cochrane review conducted in 2021 stated that oncoplastic surgery gave similar
or more favourable cosmetic results, but well-conducted studies evaluating the
efficacy, safety, and PROMs of OPBS were lacking [123]. Thus, prospective
research on the cosmetic outcomes of OPBS in breast cancer surgery is necessary.
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“The best way to predict the future is to create it”

— Abraham Lincoln
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Methods

Instruments for assessing health-related quality of life

Breast-Q

The Breast-Q was developed in 2009, through the steps previously described for a
validated PROM [124, 125].

The Breast-Q evaluates preoperative and postoperative HRQoL, and the domains
include satisfaction with the breasts, overall outcome, process of care, and
psychosocial, physical, and sexual well-being (Figure 13). The scale of each
domain is independent. The Breast-Q contains modules for different surgical
groups, including mastectomy, BCS, and reconstructive surgery. Its main
objective is to evaluate the impact and effectiveness of breast cancer surgery from
the patient’s perspective. The Breast-Q also includes separate questionnaires on
augmentation and reduction surgeries performed for cosmetic reasons.

A systematic review was made in 2021, on the Breast-Q model for breast
reconstruction after mastectomy, and it concluded that BREAST-Q can effectively
and reliably measure satisfaction and wellbeing of breast cancer patients after
reconstruction [126].

The first Swedish translation of the breast cancer domains was completed in 2015,
eliminating language barriers for use in the Swedish population. In Study IV of
this thesis, the Breast-Q was employed for longitudinal measurements of HRQoL
in the cohort.
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Figure 13. Breast-Q domains and modules (Reprinted with permission from Memorial Sloan-

Kettering Cancer Center)
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EORTC QLQ

The European Organisation for Research and Treatment of Cancer (EORTC) has
been active for over 60 years and has presented 75 questionnaires on the quality of
life of patients with cancer, available in over 120 languages [127]. The EORTC
QLQ Core Questionnaire (EORTC QLQ-C30) is a 30-item instrument designed to
measure quality of life in all patients with cancer (Figure 14). This questionnaire
was used in this thesis together with the breast cancer-specific EORTC QLQ-
BR23.

The EORTC QLQ-BR23 was developed in 1996 to measure the quality of life in
patients with breast cancer. A review done in 2015 concluded that QLQ-BR23 is
reliable and valid for assessing HRQoL in breast cancer patients [128]. Both
questionnaires have Swedish translations. Both questionnaires were utilised in
Study IV of this thesis to measure the postoperative HRQoL of the patients.

»
>

Score of EORTC QLQ-C30 items

(D) 103 70D paaoadury
sway (g) 3 () 303 700 35104

Improved QoL for (A) & (B) items
‘Worse Qo for (C) items.

<

Figure 14. EORTC QLQ-C30 scales (Reprinted from Open Access [129])

Instruments for assessing cosmetic outcomes

BCCT.core

The “breast cancer conservative treatment and cosmetic results” (BCCT.core)
software digitally evaluates breast cosmesis after BCS. First published in 2007,
BCCT.core has been utilized in nearly 100 published studies. The software
performs automated analysis of postoperative images after BCS. The postoperative
image is uploaded into the software, and the following landmarks are digitally
marked: nipples, suprasternal notch, and the most medial and lateral points of the
breasts. The software automatically adjusts the outline of the breast contour and
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generates the final cosmetic result, classified as one of four categories: excellent,
good, fair, or poor. The evaluation is based on asymmetry, colour, and scar
visibility features and then further analysed by a pattern classifier performing the
categorisation (Figure 15 and 16). The advantage is that it is an objective
assessment of postoperative cosmetic results. The software results are comparable
to those of a panel of experts, according to previous studies [130, 131]. One
systematic review showed fair to moderate agreement between BCCT.core and
subjective measurements [132]. This free software is available upon request from
the original author. BCCT.core was utilized in Study I of this thesis to evaluate the
postoperative results of bilateral therapeutic mammaplasty.

GRAE o B h

Figure 15. BCCT.core software (Reprinted from Open Access [133])

Other attempts have been made to subjectively measure postoperative cosmetic
results. One such attempt was the “breast retraction assessment,” published in
1988. Breast retraction assessment measures the level of deformity in the operated
breast compared with that in the untreated breast [134]. A PubMed search revealed
that this approach has not been used in any larger studies since then. This could be
attributed to the manual measurement of retraction using a clear acrylic sheet on
the patient’s torso, and then using vector geometry to calculate the retraction in
centimetres.
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excellent (1) good (2)

No visible treatment sequelae at Minimal changes
first sight

fair (3) poor (4)
The treated breast is different The treated breast is seriously
but not seriously distorted distorted

Figure 16. BCCT.core classification (Reprinted from Open Access [133])

Subjective measurements

Several methods are available for subjectively evaluating cosmesis, with the most
common being panel or physician evaluations and patient self-evaluations [135,

136].

The rating can be performed by either a single examiner or a panel of examiners,
preferably trained in the field. It can be performed by physical examination, but
the rating is usually obtained by photographic evaluation. The most commonly
used criteria is a 4 grade scale suggested by Harris et al. [137]:

Excellent: the treated breast is almost identical to the untreated one.
Good: the treated breast is slightly different from the untreated one.
Fair: obvious difference between the two sides without major distortion
Poor: the treated breast is seriously distorted.
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Other reports have suggested a 10-grade scale: Excellent (9 and 10), good (7 and
8), fair (5 and 6), and poor (4 and below) [138, 139].

Statistical methods

Statistical methods are described in part from the book “Essential Medical
Statistics” by Kirkwood and Sterne [140].

Spearman rank correlation coefficient

The Spearman rank correlation coefficient, a nonparametric method based on
ranks, measures the strength of the association between two variables.

In Study I of this thesis, the Spearman rank correlation coefficient was utilised to
measure pairwise correlation between the patient’s score, the surgeon’s score, and
the BCCT.core score, as well as to evaluate the evidence against the null
hypothesis of no correlation.

Wilcoxon’s matched-pairs signed-rank sum test

Wilcoxon’s matched-pairs signed-rank sum test, a nonparametric method based on
ranks, measures evidence against the null hypothesis of equal distributions for
paired observations of two variables. If the distributions of the two variables are
the same, i.e., if the null hypothesis is true, we expect the same sum of ranks for
the absolute values of positive and negative differences.

The Wilcoxon matched-pairs signed-rank sum test was utilised to test the
differences in patient and surgeon cosmetic scores, as well as the difference
between cosmetic scores of the cancer-affected and contralateral breasts in Study I
of this thesis.

Mann—Whitney U-test

The Mann—Whitney U-test, a nonparametric test based on ranks, evaluates
evidence against the null hypothesis of no difference in distribution between
samples from two independent groups.

The Mann—Whitney U test was utilised in Study I of this thesis to compare the
dichotomised BCCT.core scores and the subjective scores of the surgeon and
patient.
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Kruskal-Wallis test

The Kruskal-Wallis test is a generalisation of the Mann—Whitney U-test to more
than two groups.

The Kruskal-Wallis test was utilised to test for differences in postoperative
HRQoL scores between the surgical groups in Study IV of this thesis.

Chi-square test

The chi-square test is used to examine associations between categorical exposure
and outcome variables. It compares the actual counts in the cross-table with what
would have been expected if the null hypothesis had been true (no association
between exposure and outcome). The purpose of the test is to determine the
likelihood of the observed data or data deviating even more from the null
hypothesis if the null hypothesis is true; that is, the P-value.

The chi-square test was utilised in Study III of this thesis to test for an association
between patient and tumour characteristics and the final type of surgery.

McNemar’s test

McNemar’s chi-square test for paired data is based on the number of discordant
pairs and is valid if there are at least 10 discordant pairs. For fewer discordant
pairs, an exact version of the test, based on a binomial distribution, is
recommended. The test contrasts the number of discordant pairs in the two
directions (-/+ and +/-) which are expected to be the same under the null
hypothesis of equal marginal probabilities.

McNemar’s test was used in Study I of this thesis to compare postoperative
complications between cancer-affected and contralateral breasts.

Logistic regression

Logistic regression is frequently used to determine the association between
exposure variables and binary outcomes. The effects of the exposure variables on
the log odds of the exposure category coded 1 are assumed to be linear. This so-
called logistic transformation of the probability p of the outcome coded 1, that is,
In(p/(1-p)), ensures that the predictions from the model, which are probabilities,
remain in the interval from 0 to 1. The nonlinear function In(p/(1-p)) is shaped like
an S-curve and ranges from 0 to 1. Model estimates are typically expressed as
odds ratios (ORs). Hence, the effects of the exposure variables on the odds of the
outcome coded 1 are multiplicative factors.
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Univariable and multivariable logistic regression analyses were used in Study II of
this thesis to identify predictors of non-radical surgery, and in Study III to test
covariates of known clinical relevance associated with the binary outcome (BCS
versus mastectomy).

Ordinal logistic regression

Ordinal logistic regression, also called proportional odds regression, is a type of
regression analysis used for ordinal outcome variables (variables with arbitrary but
ordered values). This model forces the estimated effects of the explanatory
variables on the outcome to be the same for all possible dichotomisations of the
ordered outcome variables.

Ordinal regression was used in Study I of this thesis to analyse the effects of
predefined clinicopathological variables on BCCT.core scores.

Receiver operating characteristic curves

The receiver operating characteristic (ROC) graph shows the performance of the
classification model for all classification thresholds. The curve is defined as
sensitivity (true-positive rate; vertical axis) versus 1-specificity (false-positive
rate; horizontal axis) for all cut-off values. The overall ability of the continuous
measure to discriminate between true positive and true negative values is
measured using the area under the ROC curve (AUC). For a perfect discriminator,
the area would be 1. The null hypothesis, that is, no discrimination, corresponds to
an AUC of 0.5.

ROC curves were used in Study II of this thesis to evaluate the discriminatory
performance of the model in predicting non-radical surgery.

Hosmer—Lemeshow test

The Hosmer-Lemeshow test is a goodness-of-fit test for logistic regression
models. The observations are grouped into deciles by expected probabilities, that
is, the predictions calculated from the model. The average expected probability for
each group is then compared with the corresponding observed relative frequency
of the outcome. The expected and observed values will agree for a perfectly
calibrated model, leading to a chi-square statistic of 0 and ten dots on a 45-degree
line through the origin when plotting the observed versus expected values.

Hosmer—Lemeshow graphics and tests were used to assess the goodness of fit of
the model for the nomogram in Study II of this thesis.
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Analysis of variance

Analysis of variance (ANOVA) is a multiple linear regression model used to
compare the means of a numerical outcome variable in groups defined by a
categorical exposure variable at two or more levels. The null hypothesis is that the
group means are equal, and the alternative is that at least one mean differs from
the other. ANOVA was used to determine the differences in the changes in
HRQoL between the different surgical groups in Study IV of this thesis.

ANCOVA

Analysis of covariance (ANCOVA) is a generalisation of ANOVA used to
examine the differences between group means, adjusted for the effects of potential
confounding variables. ANCOVA was used to adjust for confounders in Study IV
of this thesis.

Methods 1n the studies

Study I

Study population

This retrospective cohort study included women who underwent bilateral
therapeutic mammoplasty between 2011 and 2018 at Kristianstad Central
Hospital. The primary aim was to study cosmetic outcomes and symmetry after
surgery. The secondary aim was to investigate the changes in symmetry pre- and
postoperatively.

Patients who had a secondary mastectomy, missing postoperative photographs,
died before the 1-year follow-up, or whose nipple was removed during surgery
were excluded. Photographs were taken by the surgeon at diagnosis and at the 1-
year follow-up. The study was registered with the ISRCTN (identification number
82786416), and ethical approval was obtained from the Regional Ethics Review
Board at Lund University, Sweden (2018/827).

Outcome measures

Cosmetic outcomes were evaluated using three different modalities: patient,
surgeon, and BCCT.core. Change in symmetry was measured using BCCT.core
pre- and postoperatively. The impact of predefined clinicopathological variables
on the cosmetic outcomes and complication rates was also examined.
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Statistical analysis

The correlation between the scores was calculated using Spearman’s rank
correlation coefficient (rs). Evidence of equal score distributions in the two groups
was evaluated using the Mann—Whitney U-test. The patient’s and surgeon’s
scores, as well as the difference between the scores of the affected and
contralateral breasts, were compared using Wilcoxon’s matched-pairs signed-rank
sum test. Postoperative complications were compared between cancer-affected and
contralateral breasts using McNemar’s test. Ordinal regression was used to analyse
the effects of predefined clinicopathological variables on BCCT.core scores.

Study 1I

Study population

This observational retrospective study included three cohorts: a development
cohort from a university hospital in Sweden (Site A) between 2015 and 2016 and
two cohorts from 2017—one was from the same hospital, and the other was an
external cohort from a regional hospital (Site B). The inclusion criteria were
patients who underwent surgery for invasive or in situ breast cancer with a
primary procedure code for partial mastectomy. The exclusion criteria were male
sex, neoadjuvant therapy, and a benign final diagnosis. The study was registered in
the ISRCTN (identification number 32164784), and ethical approval was obtained
from the Regional Ethics Review Board at Lund University, Sweden (2018/622).

Outcome measures

The primary outcomes were positive resection margins after BCS, and
preoperative tumour and patient characteristics associated with BCS.

Statistical analysis

A list of potentially relevant predictors of non-radical surgery were identified
based on the literature and clinical knowledge. Univariable logistic regression was
used to study the associations between individual predictors and non-radical
surgery and multiple logistic regression was used to develop the final prediction
model. The variables included in the final model were chosen by stepwise
backward variable selection. The discriminatory performance of the model was
assessed by using AUCs for ROC curves for all three cohorts. The calibration of
the prediction model was assessed graphically in the wvalidation cohorts as
suggested by Hosmer and Lemeshow. The fraction of non-radical surgery was
plotted against mean predicted probability of non-radical surgery for each of ten
deciles of the predicted probabilities. Perfect calibration will correspond to dots on
a 45-degree line through the origin. Calibration slope, ideally 1.00, was used as a
numerical summary of the validation performance. A nomogram was developed
for the final model.
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Study I

Study population

This prospective study included patients in the SCAN-B cohort who underwent
NAC between 2014 and 2019. Patients who did not provide consent, retracted
consent, never underwent surgery, or underwent primary surgery were excluded.
The ethics application for this study was approved by the Regional Ethics Review
Board at Lund University, Sweden (diary number: 658/09 LU; 742/2016).

Outcome measures

The primary outcome was the proportion of BCS, and the secondary outcome was
to identify the variables of clinical significance associated with BCS after NAC.

Statistical analysis

Chi-squared tests were used to quantify the support for an association between
patient and tumour characteristics and the final type of surgery, while a trend
version of the test was used for ordinal variables. Subgroup analyses were
conducted across hospitals to evaluate the homogeneity of associations.
Univariable and multivariable logistic regression analyses were used, including
covariates of known clinical relevance for the outcome (BCS versus mastectomy).
The six variables included were age, tumour size on mammography, molecular
subtype (St. Gallen), axillary nodal status, mammographic density, and
histological subtype.

Study IV

Study population

This prospective, longitudinal cohort study included patients with primary breast
cancer who underwent surgery between 2019 and 2020 in Kristianstad Central
Hospital. Patients who could not read or write Swedish, could not understand the
information provided, and those receiving palliative care were excluded. The
patients were grouped according to the surgical method: OPBS, standard partial
mastectomy, mastectomy, or mastectomy with reconstruction. The patients
completed the Breast-Q questionnaire at diagnosis, then again at the 1-year follow-
up, and the EORTC QLQ-C30 and QLQ-BR23 questionnaires at that time. The
aim was to study the quality of life at baseline and at 1 year follow-up. The study
was registered at ClinicalTrials.gov (Protocol ID: NCT04227613).

Outcome measures

The primary outcome measure of this study was the quality of life at diagnosis and
1-year follow-up.
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Statistical analysis

The Kruskal-Wallis test and ANOVA were used to determine the differences in
HRQoL score distribution between the surgical groups. ANCOVA was used to
adjust for potential confounding factors. The QLQ-C30 score was compared with
the norm values for a Swedish cohort.

Methodological consideration

All studies in this thesis were cohort studies, which means that their level of
evidence according to the Oxford Centre for Evidence-Based Medicine is Level 3.
This classification stands for individual cohort studies, including retrospective
studies.

Few randomised studies have evaluated breast cancer surgery in relation to
specific outcomes. This is largely due to the ethical challenges of randomising
patients. Moreover, the preferred method of surgery is often chosen for each
specific patient. Owing to the lack of randomised trials, prospective cohort studies
are the second-best option. They are less likely to confer bias than retrospective
studies and can provide better data quality when prospectively registered. The
disadvantage, in addition to the lack of randomisation, is the time required to
collect the data. This thesis included both prospective and retrospective studies.
Prospective studies have obvious advantages. However, considering the time-
consuming nature of a prospective study, a retrospective study becomes a feasible
alternative within a limited time frame.

The study cohorts in this thesis included patients from one hospital for Studies I
and IV. However, for Studies II and III, patients from two hospitals were included.
An advantage of multicentre studies is that they enhance the generalisability of the
data. In Study I, the surgeon who evaluated the postoperative picture for cosmetic
results was involved in the patient’s care and therefore biased in the evaluation.

If the opportunity to conduct the thesis studies again were available, the main
modification would involve including a second or multiple cohorts from other
hospitals. This addition would allow for result comparisons with an independent
cohort for studies I and IV. Additionally, employing an objective panel for the
evaluation of postoperative cosmetic results would be considered.
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Results

Study I

Flowchart of Study I is showed in Figure 17. The results of the study showed that
out of 146 women, 89% had good or excellent cosmetic outcomes after bilateral
therapeutic mammoplasty, as measured using BCCT.core 11% had a fair result,
and none had poor (Figure 18). When comparing the patient and surgeon scores,
the patient was more satisfied with the cosmetic outcome in general, with a
median score of 9 out of 10, compared to 8 out of 10 for the surgeon. No
improvement in symmetry was observed postoperatively, except in a small
subgroup with >25% asymmetry preoperatively, where improved symmetry was
noted at the 1-year follow-up. The overall complication rate was 27%, most were
minor complications. The breast affected with cancer had a higher frequency of
complications (20/146) compared with the contralateral breast (10/146). No
association was found between cosmetic outcomes and prespecified
clinicopathological variables of relevance.

Total cohort operated
for breast cancer
2011-2018

n=1179

—' Other proceduresn=1016 ]

3

Patients with primary
procedure code for
bilateral mammoplasty

n=163

Secondary mx* n=9

Mx* with reconstructionn=2
Missing postop photo n=4
Nipples removed n=4
Deceased n=1

3

Included studypatients
n=146

Figure 17. Flowchart of study I. (*Mx = mastectomy)

57



Figure 18. Pre- and postoperative pictures by BCCT.core scores. A2, excellent; B2, good; C2,
fair.




Study II

The development cohort at Site A included 432 patients, while the validation
cohorts included 190 patients at Site A and 157 patients at Site B (external
validation cohort). The patient and tumour characteristics at baseline were largely
comparable among the three cohorts. Positive margins were more common in the
development cohort (17.8%) and temporal validation cohort from Site A (22.1%)
than in the cohort from Site B (10.2%) (Figure 20). In the univariable logistic
regression analysis, positive resection margins were strongly associated with
mammographic tumour size, ultrasonographic tumour size, presence of
mammographic microcalcifications, tumours less than 5 cm from the mamilla, and
histological type on diagnostic core needle biopsy (invasive lobular cancer, pure
DCIS, and benign biopsy). BMI, tumour palpability, tumour location in the breast,
and axillary status had no statistically significant predictive value in the
development cohort.

Figure 19. Flowchart of study II.
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In the multivariable analysis, a nonlinear transformation of mammographic tumour
size and six variables (visible on mammography, DCIS, lobular invasive cancer,
distance from mamilla, calcification, and type of surgery) was conducted (Table
1). The best discriminator between positive and negative resection margins, as
measured by P-values in the multivariable logistic regression model, was invasive
lobular cancer, followed by DCIS and distance to the mamilla. The corresponding
ROC curve had an AUC of 0.80 [95% CI 0.75-0.85].

The discrimination and calibration of the prediction model were assessed in the
validation cohorts. In the temporal validation cohort from Site A, invasive lobular
cancer showed no association with positive margins. In the external validation
cohort at Site B, neither microcalcification nor the distance from the mamilla
predicted positive margins. The prediction model discriminated between positive
and negative resection margins in the two validation cohorts. However, the AUC
was lower in both validation cohorts, and both calibration slopes were less than
1.00, indicating overfitting (Figure 20). The model appeared to underestimate the
probability of positive resection margins in patients with a low risk of positive
margins in the validation cohort from Site A and overestimate this risk in the
validation cohort from Site B. The validation still suggested that the model could
robustly identify patients at high risk of positive resection margins, and a
nomogram was developed (Figure 21).

Preoperative characteristics Odds Ratio (95% CI) P-value
-30/(Mammographic tumour size, mm) 1.68 (1.21-2.32) 0.002
Visible on mammography 0.160
Yes 1.00
No 2.33 (0.72-7.60)
ILCYon needle biopsy <0.001
No 1.00
Yes 5.59 (2.71-11.50)
DCIS® on needle biopsy <0.001
No 1.00
Yes 4.44 (2.00-9.83)
Distance to mamilla =5 cm <0.001
Yes 1.00
No 2.96 (1.63-5.40)
Oncoplastic surgery 0.015
Yes 1.00
No 2.25(1.17-4.32)
Mammographic calcifications 0.205
No 1.00
Yes 1.52 (0.80-2.89)
Constant 0.06 (0.02-0.19)

Table 1. A multivariable logistic regression model for prediction of positive resection margins
based on preoperatively known characteristics in the development cohort (n=432).
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Figure 20. Discrimination and calibration plots for the temporal validation cohort at Site A and
the external validation cohort at Site B.
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Study III

In Study II1, the cohort consisted of 226 women (Figure 22), and the rate of BCS
after NAC increased from 37% to 52% during the study period (Figure 23). PCR
was achieved in 30% of the cases. The conversion rates were 4% from
mastectomy to BCS and 6% from BCS to mastectomy. The decision for
conversion was based on the radiological size evaluated during NAC for all
mastectomy cases.

Predictors of BCS were identified. Tumour size on mammography showed five
times lower odds for the group with the largest tumour (OR=0.2). A similar
negative correlation was observed with lack of visibility on ultrasound (OR=0.08)
and lobular subtype compared with other subtypes (OR=0.2). The factors with a
positive association with BCS were benign lymph node status at diagnosis
(OR=2.26) and molecular subtype (St. Gallen), with triple-negative and HER-2
positive tumours having the highest probability of receiving BCS. Mammographic
density indicated a trend toward a higher probability of BCS with low breast
density (OR=4.2). The same trend was noted with a higher probability in younger
women than in older women. In the multivariable logistic regression, the strongest
associations with BCS were observed with tumour size on mammography (OR per
mm=0.95), preoperative axillary nodal status (OR=2.05), and mammographic
density (OR=0.51).

SCAN-B cohort
(n=237)
Did not meet
inclusion criteria
(n=11)
Study cohort
(n=226)
BCT — Mastectomy
(n=108) Missing values (h=118)
Axillary status (n=2)

Mammographic size (n=29)
Mammographic density (n=10)
Histological subtype (n=3)
Molecular subtype (n=2)
Complete cases Complete cases
(n=101) (n=88)

Multivariable
regression model
(n=189)

Figure 22. Flowchart of Study lll.
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Figure 23. Annual comparison of BCS and mastectomy rates

Study IV

This study included 340 patients in the final cohort. Of the 160 patients who
underwent OPBS, 112 underwent standard partial mastectomy, 42 underwent
mastectomy, and 26 underwent mastectomy with immediate reconstruction. All
patients attended the 1-year follow-up. The response rate for all questionnaires
was approximately 95%.

The partial mastectomy and oncoplastic partial mastectomy groups were more
satisfied with their breasts (Figure 24) and had better body image and higher
sexual functioning scores than the mastectomy with or without reconstruction
groups (Figure 25). The oncoplastic and mastectomy with reconstruction groups
had more breast symptoms than the other groups. The mastectomy group had the
least number of symptoms in the chest area (Figure 26). The other Breast-Q
modules showed no differences between the surgical groups. The results of the
ANCOVA analyses were similar to those of the unadjusted analyses in terms of
the level of evidence for differences between the groups in the postoperative
modules.
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Figure 24. Difference in post- and preoperative Breast-Q scores between the surgical groups,
analysed using ANOVA
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Figure 25. Comparison of postoperative QLQ-BR23 scores between the surgical groups,
analysed using Kruskal-Wallis tests.
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Figure 26. Comparison of postoperative Breast-Q scores between the surgical groups, analysed

using Kruskal-Wallis tests.
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The Breast-Q baseline scores were compared with normative data from a US
population and showed the same mean scores for sexual well-being, as well as
similar scores for satisfaction with breasts and psychosocial well-being.

The mean QLQ-C30 score for the study cohort was compared with the norm
values for a Swedish cohort (Figure 27). The study cohort had slightly lower mean
scores for cognitive and social function and higher insomnia and constipation
scores than the Swedish norm. However, no difference or better scores were
observed in all other subscales. The mean global health score was 7.7 points
higher in the study cohort than in the reference cohort.

Function scales Symptom scales

==@==Study cohort ==@==Swedish norm
== Study cohort ~ ==@==Swedish norm

Fatigue
Physical function 30
100

Financial difficulties
o Role function

\
Diarrhoea J» Dyspnoea
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Appetite loss

Cognitive function

Figure 27. Comparison of postoperative mean scores for QLQ-C30 in the study cohort and
norm values for QLQ-C30.
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Discussion

Study I

Bilateral therapeutic mammoplasty has previously been studied in smaller cohorts
[141-147] and in a larger retrospective study conducted by Grubnik et al. [148].
Consistent with the findings of the present study, previous studies have
consistently reported favourable cosmetic outcomes. A meta-analysis also
affirmed that bilateral therapeutic mammoplasty is oncologically safe [93]. In the
late 90s, Clough et al. and Smith et al. suggested reduction mammaplasty as a
viable option for larger tumours in patients with larger breasts [149-151]. The
complication rates are reported to be 20-40% [152, 153], which is higher than
those for standard partial mastectomy [154]. The current study, with 27% of
patients documented to have complications, falls within the range of previous
studies on bilateral therapeutic mammoplasty. For comparison, a meta-analysis of
benign reduction mammoplasty reported complication rates of 40-50% [155].

Therapeutic mammoplasty potentially allows for wider excision of the tumour,
improved outcomes of radiotherapy with fever complications, and improved
quality of life in patients with macromastia. Differences in opinions regarding
simultaneous bilateral surgeries persist. The concern is that a more extensive
surgery leads to more complications; therefore, the healthy side should be delayed
until adjuvant treatment is administered. This study showed that the cancer-
affected breast had twice the number of complications compared with the healthy
breast (20 vs. 10), and 7 were bilateral, indicating that most of the complications
would still be present even with unilateral surgery.

Further research on this subject is warranted to determine whether there is any
significant delay in adjuvant treatment with bilateral surgery. The advantages of
only one surgical intervention are not insignificant: not needing a second surgery
with a recovery period and not needing to have uncomfortable asymmetry for a
year or longer. A systematic review conducted in 2016 summarised PROMs after
breast cancer surgery. More than 90% of patients reported satisfactory or better
outcomes with bilateral therapeutic mammoplasty, and complication rates were
equivalent to those of benign bilateral reduction [156].

In summary, these results confirm previous findings of favourable cosmetic
outcomes after therapeutic mammoplasty in patients with primary breast cancer.
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Complication rates were comparable to those in previous studies, and importantly,
cosmetic outcomes were not influenced by confounding factors, such as tumour
size or BMI.

Study II

This study presented a nomogram for preoperative evaluation of the risk of
positive margins. The final nomogram included variables that were preoperatively
available without MRI assessment. This model can potentially decrease the
proportion of second surgeries, including the negative side effects on
postoperative complications, cosmetic outcomes, quality of life, healthcare costs,
and delayed start to adjuvant therapy [157, 158].

For clinical use, the prediction model is presented as a nomogram to identify
patients at high risk of positive margins. This allows the surgeon to adjust surgical
planning according to the assessed risk.

The preoperative variables associated with positive margins in the model were
mammographic tumour size, a diagnosis of invasive lobular cancer, microscopic
calcifications, DCIS on core needle biopsy, and tumour distance from the mamilla.
This is in line with previous studies that have found that central tumours [159,
160], invasive lobular cancer [160-169], DCIS [108, 161, 166, 168, 170], tumour
size [108, 163, 165, 169-172], and microscopic calcifications [108, 170] on
mammography are associated with positive margins.

Previous studies have reported predictive nomograms for positive margins [107-
109, 170]. The results of the study in this thesis are comparable to other
preoperative prediction models presented, ranging in AUCs from 0.7 to 0.82 [107,
108]. Validations of previously published nomograms vary in terms of
performance [107, 170, 173-175]. Validation of the present study was performed
in a manner similar to that of previously published studies.

MRI features have been included in these previously published models, but the
importance of MRI in predicting positive margins was inconclusive in two larger
studies [176, 177]. As in many centres worldwide, the patients in this study did not
routinely undergo preoperative MRI. Presenting a nomogram that does not include
MRI allows all breast surgeons to use it, irrespective of MRI availability.

OPBS is oncologically safer than standard BCS [93, 178-181]. The method of
operation was included in the nomogram as a clinically important variable,
although evidence for an association with positive margins was weak. The results
of the regression model showed that OPBS was negatively associated with
positive margins, and the risk of negative margins decreased when the patient was
scheduled for OPBS. This is comparable to a previously published study showing
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that OPBS decreased re-excision rates and was subsequently correlated with a
lower risk of positive margins [181].

The re-excision rates in this study varied between 10% and 21%. When comparing
these figures with those in international studies, the variability in those figures is
even larger, ranging from under 10% to over 30% in some patient groups [162,
166, 182-187]. Several factors may affect the rates of positive margins, ranging
from auxiliary service evaluations and routines, the proportion of primary
mastectomies, and the criteria for positive margins, to surgical performance and
experience.

The benefit of a tool for predicting positive margins before surgery is applicable to
both surgeons and patients; surgical planning becomes easier and enables a wider
excision margin or oncoplastic surgery in high-risk patients.

It should be noted that the model used in this study underestimated the risk of
positive margins in low-risk patients. This is of low clinical value because patients
with a low risk of positive margins can undergo standard BCS.

The external validation at Site B had a high AUC (0.75), indicating that it is
externally applicable. Further external validation is required to strengthen this
statement.

This novel predictive nomogram can provide clinical and surgical guidance for
identifying high-risk patients with positive margins in settings where MRI is not
available. The nomogram can be used to ensure that patients and surgeons are
aware of the risk of positive resection margins and that a surgical approach is
advised to match the level of risk.

Study 111

In this study, more than half of the patients who underwent NAC also underwent
subsequent mastectomy. The most important factors predicting BCS were the
mammographic tumour size, mammographic density, and axillary nodal status.
The overall rate of BCS in patients who underwent primary surgery and were
included in the SCAN-B cohort during the same period was 70%. This indicates
that NAC-treated patients had a lower rate of BCS than patients who only received
adjuvant therapy.

OPBS extends the options for BCS in patients receiving NAC, especially when
considering the potential of NAC to downstage the tumour size.

The International European Society for Medical Oncology guidelines state that
BCS should be offered only when technically feasible. Mastectomy, such as for
locally advanced disease or risk-reduction surgery, is recommended when BCS is
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not technically feasible or inappropriate [16]. However, patient preferences
regarding the type of breast surgery should always be considered.

Previous studies on BCS after NAC have reported similar rates (approximately
50%) [188, 189]. One study showed that BCS after NAC can yield improved
outcomes regarding margin positivity, re-excision rates, and patient satisfaction
compared to primary surgery [190]. A meta-analysis by Asselain et al. showed
more local recurrences in patients treated with BCS after NAC than in matched
patients receiving adjuvant therapy, though survival rates were equivalent [191].
De Boniface et al. evaluated patients receiving primary BCS with radiotherapy and
showed that they had improved survival compared with those receiving
mastectomy. This indicates that de-escalation of surgery can result in different
oncological outcomes [21]. Importantly, a study conducted in 2023 showed that
OPBS could help convert patients scheduled for mastectomy to BCS after NAC.
In this study, 80% of the patients underwent BCS, and no positive margins were
reported [192].

Only nine patients in the study converted from planned mastectomy before NAC
to BCS after NAC. This highlights the persistence of the initial surgical plan,
despite tumour shrinkage, as evidenced by imaging. This implies that tumour size
at diagnosis and molecular subtype, rather than chemotherapeutic response, are
important factors influencing the choice of surgical intervention. Another study
reported a conversion rate from mastectomy to BCS of 36%, attributed to
downstaging of the disease after NAC [79].

The rate of BCS increased from 37% to 52% during the study period. The reason
for this is multifactorial, and specific reasons are difficult to define. However,
possible explanations include advances in surgical techniques, such as oncoplastic
surgery, increased awareness among patients and patient advocates, and advances
in neoadjuvant treatment leading to better tumour response.

Mastectomy remains the preferred choice for a select group of patients, such as
those with advanced tumours that do not respond to NAC, inflammatory cancer,
and patients who are mutation carriers and require risk reduction surgery. Lastly, a
small group of patients wanted mastectomy, even when BCS was feasible.

This is one of the few studies to present genomic subtypes related to NAC
treatment and surgical outcomes. A recent study showed that gene expression-
based and immunohistochemical biomarkers showed > 80% concordance [193].
Another study discussed the clinical relevance of gene expression signatures in a
neoadjuvant setting to individually tailor NAC treatment [194]. In this study, gene
expression signatures were not included in the multivariable analysis because they
did not add any information compared with the molecular subtypes identified by
St. Gallen.
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In summary, there is room to increase the rate of BCS in patients treated with
NAC. Active monitoring of patients during and after NAC, along with
preoperative re-evaluation of BCS eligibility, can further aid in improving BCS
rates.

Study IV

This longitudinal observational study presented data on HRQoL in patients with
breast cancer and compared baseline scores with scores at the 1-year follow-up.

BCS was shown to result in better satisfaction with breasts and body image
postoperatively than mastectomy with or without reconstruction. Patients who
underwent mastectomy with reconstruction had worse sexual function outcomes
than those in the other surgical groups. Most breast symptoms were observed in
the oncoplastic surgery and mastectomy with reconstruction groups, whereas the
mastectomy group had the fewest symptoms in the chest area. This could be partly
explained by the fact that few patients who underwent mastectomy had indications
for postoperative radiotherapy, except for those with malignant lymph nodes.

Oncological outcomes after BCS with radiotherapy are at least as good as those
after mastectomy in patients undergoing primary surgery. Recent meta-analyses
have even shown improved survival after BCS with radiotherapy [195, 196].

This study highlights the importance of surgeons trained in OPBS techniques for
breast cancer care by demonstrating better HRQoL outcomes in the BCS group.
Adjustment for known confounders did not change the interpretation of the results,
indicating that the results were robust.

Patient selection and an individually tailored surgical approach are vital for breast
cancer surgery. This was highlighted by the fact that patients who underwent
extensive surgery reported more postoperative breast-related symptoms. Further
prospective longitudinal studies are required to confirm these findings.
Preservation of the breast should always be the first choice in breast cancer
surgery, and OPBS provides patients who previously would have been at risk for
mastectomy the opportunity to undergo BCS. With increasing survival rates,
patients must live with the outcomes of surgery for long periods.

In 2019, a systematic review including six studies evaluated HRQoL and OPBS.
Only one of the included studies provided data in favour of OPBS, and the authors
recommended further cohort studies on HRQoL in connection with OPBS [197].
Another systematic review of PROMS after OPBS compared with BCS showed
improved results with OPBS and recommended using OPBS to improve patient
outcomes [198]. A scoping review of the application of Breast-Q indicated the
need for prospective collection of centre-specific data for all types of breast
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cancer, analogous to the current study design [199], same conclusion was drawn in
a systematic review of HRQoL after OPBS [200].

A 2023 study involving over 700 patients compared OPBS with mastectomy and
reconstruction and concluded that OPBS was to be preferred. Both patients and
surgeons were more satisfied with the cosmetic results. The OPBS group had a
lower frequency of complications and required fewer surgeries to complete their
reconstruction [201]. Another study used Breast-Q to compare mastectomy and
reconstruction with BCS. The study concluded equality in breast satisfaction and
physical well-being but noted a relevant improvement in psychosocial and sexual
well-being in favour of BCS [202].

Long-term data are important in HRQoL studies, and this study had a 5-year
follow-up plan. A previous study conducted in 2022 measured HRQoL after 5-10
years and concluded that the majority (75%) of patients had high HRQoL and that
there was a correlation between HRQoL and cosmetic outcomes [203]. Another
study investigated long-term cosmetic sequelae (up to 10 years) after OPBS and
concluded that up to 17% of patients had some form of cosmetic sequelae [204].

The current study was conducted at a single centre, and comparison with data from
other centres would be beneficial for validating the findings.

Baseline data and longitudinal follow-up are needed to evaluate the HRQoL and
changes in satisfaction and cosmetic outcomes in individual patients with breast
cancer. Patients with different baseline HRQoL scores may experience different
impacts of treatments, both surgical and oncological. This was demonstrated by a
study involving over 100 patients evaluating preoperative and postoperative
HRQoL using Breast-Q, EORTC-QLQC30, and QLQ-BR23 [205].

The evaluation of different surgical techniques should include oncological
outcomes, PROMs, and HRQoL to determine whether the surgical outcomes are
correctly selected and of value to the patient.
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Strengths and limitations

The strengths and limitations of the four different studies are summarized in Table

2 below.
Study Strengths Limitations
I - Relatively large cohort of breast - Retrospective design
cancer patients with breast cancer . . .
. . . - Long inclusion period (7
undergoing bilateral therapeutic —
mammoplasty y
- Three measurements for cosmetic - Single-centre study
outcomes
1I - Clinically relevant design only - Retrospective design
using preoperative variables Wi i @ e ety
—.Model can 1fi§nt1fy s et lgh Not all patients had reported
risk of re-excision . .
calcifications
- Validation with external cohort
I - Prospective design - Three centres with
- Large cohort of breast cancer SO Bl Jioel
. .. . approaches
patients receiving neoadjuvant
treatment - Long inclusion period (6
- Included genomic subtypes Ve,
- Multicentre study
v - Prospective design with - Single-centre study

longitudinal data
- Large cohort
- Few patients were lost to follow-up

- 1-year follow up

- No long-term data yet

Table 2. Summary of strengths and limitations of the four studies
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“You have your way. I have my way.
As for the right way, the correct way
and the only way, it does not exist”

— Friedrich Nietzsche
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Conclusion

This thesis has explored different aspects of BCS in four different studies.

Study I showed that bilateral mammoplasty yielded good cosmetic outcomes with
no overall difference in symmetry. Both the patient and surgeon were highly
satisfied with the cosmetic results, with the patient scoring slightly higher than the
surgeon.

Study II presented a nomogram for predicting positive margins, facilitating shared
decision-making in the clinical setting by estimating the individual risk of non-
radical surgery. The model demonstrated good predictive ability for positive
margins after BCS in the validation cohorts. However, further external validation
is required.

Study III concluded that, although the BCS rate increased during the study period,
more than half of the patients receiving NAC underwent mastectomy. The factors
influencing the choice of BCS were smaller tumour size, benign axillary status,
and low mammographic density. This study highlighted the importance of
preoperative re-evaluation of BCS feasibility after NAC.

Study IV showed that simple partial mastectomy with OPBS resulted in better
cosmetic outcomes than mastectomy with or without reconstruction. Patients who
underwent mastectomy had the fewest chest symptoms.

In summary, this thesis emphasises the importance of breast conservation, when
technically feasible, to optimise HRQoL and cosmetic outcomes. The studies also
showed that NAC-treated patients deserve an impartial re-evaluation for BCS after
NAC, and that further development of OPBS and optimal margin assessment can
aid in this endeavour. when it is technically feasible, to optimise the HRQoL and
cosmetic outcomes. The nomogram is an example of technical aids to improve
rates of BCS for breast cancer patients. Finally, this thesis highlights the fact that
breast reconstruction is not equivalent to breast conservation. However, there are
still gaps in knowledge regarding HRQoL and cosmetic outcomes for breast
cancer patients, and the need for further research still exists.
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“In the midst of chaos, there is also opportunity”

- Sun Tzu
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Future perspectives

Research on HRQoL and cosmetic outcomes in patients with breast cancer is
expanding exponentially. Data from the National Quality Register for Breast
Cancer show that the rate of BCS in Sweden is gradually increasing. However,
there is room for improvement. The results of BCS and OPBS should also be
evaluated continually, with a critical focus on oncological outcomes, HRQoL,
cosmetic outcomes and patient satisfaction.

The 5-year follow-up for Study IV is ongoing, and data collection will be
completed in 2025. The prospect of evaluating whether an individual’s HRQoL
scores will persist for over 5-years or if any of the surgical groups will have a
different outcome after S5-years is intriguing. Long-lasting results are more
valuable than just 1-year follow-ups.

A second study, utilizing the cohort from Study IV is planned. The study will
focus on the cosmetic outcomes of the same surgical groups and investigate
whether cosmesis is associated with HRQoL outcomes.

The contralateral healthy breast is still an ongoing topic of discussion in Sweden.
The debate revolves around determining the optimal surgical strategy for
contralateral symmetrisation, exploring whether immediate bilateral surgery or
delayed surgery on the contralateral side is the best course of action. The effects of
radiotherapy on the breast can be unpredictable and can lead to shrinkage,
persistent swelling, and oedema. The results of Study I showed very satisfied
patients after bilateral surgery and post-radiotherapy, with no large differences in
symmetry. This suggests that cosmetic aspects are not a cause for concern. This is
an area open for further prospective studies, especially those measuring
differences in the start of adjuvant treatment. In addition to HRQoL and cosmetic
outcomes, exploring these aspects is crucial due to the oncological risks associated
with delaying adjuvant treatment when opting for more extensive surgery. Grant et
al. showed that contralateral symmetrisation can be performed simultaneously
without delaying adjuvant therapy and is financially beneficial [206]. However,
further studies are required to validate these findings.

The number of older patients with breast cancer is increasing, and age should not be
the primary contraindication for OPBS. A systematic review from 2023 showed
lower uptake of OPBS in older women (only 10% were 65 years or older) and
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recommended further research regarding older individuals and their eligibility for
OPBS [207].

Margin assessment in breast cancer surgery is a developing research field with
new techniques emerging in the market, a few of which have been described in
this thesis. With better intraoperative margin assessment, the risk of positive
margins can be further reduced. This is beneficial both for the patient and from a
surgical perspective. The important aspect when implementing new techniques is
that they must improve the outcomes of margin assessment without being too time
consuming or less cost effective, thus having limited use in the clinical setting.
The future is exciting regarding the new possibilities within this field. An array of
techniques is currently being evaluated, including the deep learning-based
approach with ultrasound [208], fluorescence imaging [209], Raman spectroscopy
[210], optical coherence tomography [211], radiofrequency spectroscopy [209],
bioimpedance spectroscopy [212], micro-computed tomography [213], digital
breast tomosynthesis [214], microscopy with ultraviolet surface excitation [215],
and photoacoustic tomography [216].

The National Board of Social Affairs and Health in Sweden states that all patients
in Sweden have the right to equal care, that the healthcare system should provide
patient-centred care, and that the patient has the right to be involved and make
informed choices about his or her care. This translates to shared decision-making
in clinical care. A scoping review conducted by Oprea et al. on breast cancer in
2023 concluded that, although mounting evidence indicates the efficacy of shared
decision-making interventions, knowledge to support sustained implementation in
daily care remains limited [217]. Shared decision-making and its implementation
in clinical practice is another area of research that warrants further investigation,
especially in the evolving field of breast cancer surgery with many different
techniques.

The differences in the available medical and surgical competencies in the field of
breast cancer care in Swedish hospitals today are an issue in the prospect of
offering equal care to all patients. One way to mitigate this inequality is for the
Swedish Surgical Society and Swedish Society for Breast Surgery to set up norms
and regulations for training in breast cancer surgery in Sweden. This would ensure
that all surgeons working with breast cancer have received appropriate training.

The British Association of Breast Surgery has already implemented such a
curriculum and has comprehensive breast surgery training that any specialist
working within the field is expected to follow [218]. Additionally, oncoplastic
breast surgery fellowships are available for application [219]. A review article
published in 2021 highlighted how beneficial training and a comprehensive
curriculum were for the breast cancer patients in the UK, with fewer mastectomies
needed and fewer secondary surgeries [220]. This could be used as an inspiration
to initiate the development of a similar training path for Swedish breast surgeons.

80



Acknowledgements

I would like to express my gratitude and appreciation for the following people
who have helped me undertake this research:

Lisa Rydén for unwavering support and unmatched knowledge in the field. For
always giving immediate feedback and replies, even when abroad or ill. For going
above and beyond. It has been a privilege to be your doctoral student.

Tor Svensjo for being my co-supervisor and mentoring me to become the surgeon
I am today. Being your disciple has been the most important part of my early
career.

Julia Ellbrant for being my co-supervisor as well as my friend. Your support has
been crucial these years working together, and I’ve truly enjoyed getting to know
you, you’re a star.

Pér-Ola Bendahl for being an amazing teacher, in one of the most complicated
subjects. Thank you for taking the time to explain and trying to make everything
make sense to me. It’s a humbling experience and I’ve learned a lot.

My co-authors: Niklas Loman, Ida Skarping and Johan Vallon-Christersson for
helping me with my projects and manuscripts. Your knowledge and feedback have
helped me become a better researcher throughout these years.

The Lisa Rydén research group, past and current members, for all the knowledge
gained and moments shared.

Lund University, Department of Clinical Sciences, division of surgery, Regional
Cancer Centres (RCC), The Sweden Cancerome Analysis Network - Breast
(SCAN-B) Initiative and the National Quality Register for Breast Cancer (NKBC).

Surgical department in Kristianstad Central Hospital for funding this thesis,
together with Funding of Clinical Research within the National Health Service,
ALF young researcher and Research and Development Committee at the
Northeastern Hospitals in Skane.

All patients who have been involved in the research project, you are the backbone
of all research, and your participation is crucial.

Laila for being my work-bestie and friend, for all the long talks about work and
life and everything in between, for the endless support. What would I do without
you.

81



Colleagues and co-workers at the breast cancer center in Kristianstad: Karolin,
Anna, Viktoria and our amazing nurses Kerstin, Marie, Sarah and Sanne - you are
all invaluable to me, as colleagues and as friends, and you all do such an
exceptional job of providing top class care to our patients. Thank you for
supporting me and helping me in the making of this thesis. I look forward to
working together for many years to come.

Hanna, for the inspiration and knowledge gained working at Karolinska, where
Academia permeates the walls. What a role model you are, and I am grateful for
your friendship.

Emma, my oldest friend and so dear to my heart. Thank you for being in my life
since we were only little kids, for supporting me and always being there for me. I
hope we have at least another 40 years of future endeavors together.

Other friends and co-workers who have given feedback and your valuable time
towards this project.

My mother with profound appreciation, I express my heartfelt thanks for your
steadfast support and invaluable assistance during times of stress for both me and
my family.

My father, posthumously, I know you would have been the proudest person in the
room. You were always the biggest fan of all your children’s accomplishments.
You are sorely missed.

Ylva and Benny, for being the best in-laws one can ever dream of, for being a
second home for me and my family and a place to recharge and feel the warmth.

My sister Cathrin, the strongest person I know, for showing me anything is
possible if you are tenacious enough.

My sister Heidi, as well as Magnus, Lars, and nieces and nephew for always
believing in me and supporting me.

Bjorn for the love and support in completion of all my undertakings and
achievements in life. For accepting I do not know how to slow down. I could not
have done it without you.

Isabelle, my precious daughter, you will always be the most important
achievement of my life. You are the world to me and everything else pales in
comparison, maybe this thesis will in time too.

Thank you to all the people who have in some way helped or supported me in this
process, you have my eternal gratitude.

82



References

10.

11.

12.

13.

14.

Nationellt kvalitetsregister for brostcancer (NKBC) [Available from:
https://statistik.incanet.se/brostcancer/.

Socialstyrelsen. Statistik om brostcancer 2023 [Available from:
https://www.socialstyrelsen.se/globalassets/sharepoint-
dokument/artikelkatalog/statistik/2023-10-8807.pdf.

Macmillan RD, McCulley SJ. Oncoplastic Breast Surgery: What, When and for
Whom? Curr Breast Cancer Rep. 2016;8:112-7.

Association of the Nordic Cancer Registries [Available from:
https://nordcan.iarc.fr/en/factsheets.

Sun YS, Zhao Z, Yang ZN, Xu F, Lu HJ, Zhu ZY, et al. Risk Factors and Preventions
of Breast Cancer. Int J Biol Sci. 2017;13(11):1387-97.

Nationella vardprogrammet for brostcancer [Available from:
https://kunskapsbanken.cancercentrum.se/diagnoser/brostcancer/vardprogram/.

Socialstyrelsen. Screening for brostcancer - socialstyrelsens rekommendationer. 2023.
Socialstyrelsen. Nationell utvdrdering — brostcancerscreening med mammografi. 2022.
Martelli G, Pilotti S, Coopmans de Yoldi G, Viganotti G, Fariselli G, Lepera P, Moglia
D. Diagnostic efficacy of physical examination, mammography, fine needle aspiration
cytology (triple-test) in solid breast lumps: an analysis of 1708 consecutive cases.
Tumori. 1990;76(5):476-9.

Hermansen C, Skovgaard Poulsen H, Jensen J, Langfeldt B, Steenskov V, Frederiksen
P, Jensen OM. Diagnostic reliability of combined physical examination,
mammography, and fine-needle puncture ("triple-test") in breast tumors. A prospective
study. Cancer. 1987;60(8):1866-71.

Tan PH, Ellis I, Allison K, Brogi E, Fox SB, Lakhani S, et al. The 2019 World Health
Organization classification of tumours of the breast. Histopathology. 2020;77(2):181-5.
Goldhirsch A, Wood WC, Coates AS, Gelber RD, Thiirlimann B, Senn HJ. Strategies
for subtypes; dealing with the diversity of breast cancer: highlights of the St Gallen
International Expert Consensus on the Primary Therapy of Early Breast Cancer 2011.
Annals of Oncology. 2011;22(8):1736-47.

Staaf J, Hékkinen J, Hegardt C, Saal LH, Kimbung S, Hedenfalk I, et al. RNA
sequencing-based single sample predictors of molecular subtype and risk of recurrence
for clinical assessment of early-stage breast cancer. NPJ Breast Cancer. 2022;8(1):94.

Halsted WS. 1. The Results of Operations for the Cure of Cancer of the Breast
Performed at the Johns Hopkins Hospital from June, 1889, to January, 1894. Ann Surg.
1894;20(5):497-555.

83



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

84

Patey DH, Dyson WH. The prognosis of carcinoma of the breast in relation to the type
of operation performed. Br J Cancer. 1948;2(1):7-13.

ESMO guidelines [Available from: https://www.esmo.org/guidelines/guidelines-by-
topic/breast-cancer.

Fisher B, Anderson S, Bryant J, Margolese RG, Deutsch M, Fisher ER, et al. Twenty-
year follow-up of a randomized trial comparing total mastectomy, lumpectomy, and
lumpectomy plus irradiation for the treatment of invasive breast cancer. N Engl J Med.
2002;347(16):1233-41.

Veronesi U, Cascinelli N, Mariani L, Greco M, Saccozzi R, Luini A, et al. Twenty-year
follow-up of a randomized study comparing breast-conserving surgery with radical
mastectomy for early breast cancer. N Engl J Med. 2002;347(16):1227-32.

Litiére S, Werutsky G, Fentiman IS, Rutgers E, Christiaens MR, Van Limbergen E, et
al. Breast conserving therapy versus mastectomy for stage I-1I breast cancer: 20 year
follow-up of the EORTC 10801 phase 3 randomised trial. Lancet Oncol.
2012;13(4):412-9.

Jay M, Creelman B, Baliski C. Patient reported outcomes associated with surgical
intervention for breast cancer. Am J Surg. 2020;219(5):816-22.

de Boniface J, Szulkin R, Johansson ALV. Survival After Breast Conservation vs
Mastectomy Adjusted for Comorbidity and Socioeconomic Status: A Swedish National
6-Year Follow-up of 48 986 Women. JAMA Surgery. 2021;156(7):628-37.

Cotlar AM, Dubose JJ, Rose DM. History of surgery for breast cancer: radical to the
sublime. Curr Surg. 2003;60(3):329-37.

Agha RA, Al Omran Y, Wellstead G, Sagoo H, Barai I, Rajmohan S, et al. Systematic
review of therapeutic nipple-sparing versus skin-sparing mastectomy. BJS Open.
2019;3(2):135-45.

Wu ZY, Kim HJ, Lee JW, Chung 1Y, Kim JS, Lee SB, et al. Breast Cancer Recurrence

in the Nipple-Areola Complex After Nipple-Sparing Mastectomy With Immediate
Breast Reconstruction for Invasive Breast Cancer. JAMA Surg. 2019;154(11):1030-7.

Valero MG, Muhsen S, Moo TA, Zabor EC, Stempel M, Pusic A, et al. Increase in
Utilization of Nipple-Sparing Mastectomy for Breast Cancer: Indications,
Complications, and Oncologic Outcomes. Ann Surg Oncol. 2020;27(2):344-51.

Park S, Yoon C, Bae SJ, Cha C, Kim D, Lee J, et al. Comparison of complications
according to incision types in nipple-sparing mastectomy and immediate
reconstruction. Breast. 2020;53:85-91.

Chevray PM. Timing of breast reconstruction: immediate versus delayed. Cancer J.
2008;14(4):223-9.
Yoon AP, Qi J, Brown DL, Kim HM, Hamill JB, Erdmann-Sager J, et al. Outcomes of

immediate versus delayed breast reconstruction: Results of a multicenter prospective
study. Breast. 2018;37:72-9.

Matar DY, Wu M, Haug V, Orgill DP, Panayi AC. Surgical complications in
immediate and delayed breast reconstruction: A systematic review and meta-analysis. J
Plast Reconstr Aesthet Surg. 2022;75(11):4085-95.




30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Bargon CA, Young-Afat DA, Ikinci M, Braakenburg A, Rakhorst HA, Mureau MAM,
et al. Breast cancer recurrence after immediate and delayed postmastectomy breast
reconstruction-A systematic review and meta-analysis. Cancer. 2022;128(19):3449-69.

Siqueira HFF, Teixeira JLA, Lessa Filho RDS, Hora EC, Brasileiro FF, Borges KS, et
al. Patient satisfaction and quality of life in breast reconstruction: assessment of
outcomes of immediate, delayed, and nonreconstruction. BMC Res Notes.
2020;13(1):223.

Brandberg Y, Malm M, Blomqvist L. A prospective and randomized study, "SVEA,"
comparing effects of three methods for delayed breast reconstruction on quality of life,
patient-defined problem areas of life, and cosmetic result. Plast Reconstr Surg.
2000;105(1):66-74; discussion 5-6.

Mustakallio S. Treatment of breast cancer by tumour extirpation and roentgen therapy
instead of radical operation. J Fac Radiol. 1954;6(1):23-6.

Darby S, McGale P, Correa C, Taylor C, Arriagada R, Clarke M, et al. Effect of
radiotherapy after breast-conserving surgery on 10-year recurrence and 15-year breast
cancer death: meta-analysis of individual patient data for 10,801 women in 17
randomised trials. Lancet. 2011;378(9804):1707-16.

Audretsch W RM, Kolotas C, et al. Onco-plastic surgery: “Target” volume reduction
(BCT-mastopexy), lumpectomy, reconstruction (BCT-reconstruction), and flap-
supported operability in breast cancer. . Second European Congress on Senology,
Breast Diseases. 1994;1994:139-57.

Clough KB, Lewis JS, Couturaud B, Fitoussi A, Nos C, Falcou MC. Oncoplastic
techniques allow extensive resections for breast-conserving therapy of breast
carcinomas. Ann Surg. 2003;237(1):26-34.

Cochrane RA, Valasiadou P, Wilson AR, Al-Ghazal SK, Macmillan RD. Cosmesis and
satisfaction after breast-conserving surgery correlates with the percentage of breast
volume excised. Br J Surg. 2003;90(12):1505-9.

Rose M, Svensson H, Handler J, Hoyer U, Ringberg A, Manjer J. Patient-reported
outcome after oncoplastic breast surgery compared with conventional breast-
conserving surgery in breast cancer. Breast Cancer Res Treat. 2020.

Kelemen P, Pukancsik D, Ujhelyi M, Savolt A, Kovacs E, Ivady G, et al. Comparison
of clinicopathologic, cosmetic and quality of life outcomes in 700 oncoplastic and
conventional breast-conserving surgery cases: A single-centre retrospective study. Eur
J Surg Oncol. 2019;45(2):118-24.

Asgeirsson KS, Rasheed T, McCulley SJ, Macmillan RD. Oncological and cosmetic
outcomes of oncoplastic breast conserving surgery. Eur J Surg Oncol. 2005;31(8):817-
23.

Losken A, Dugal CS, Styblo TM, Carlson GW. A meta-analysis comparing breast
conservation therapy alone to the oncoplastic technique. Ann Plast Surg.
2014;72(2):145-9.

Crown A, Wechter DG, Grumley JW. Oncoplastic Breast-Conserving Surgery Reduces

Mastectomy and Postoperative Re-excision Rates. Ann Surg Oncol. 2015;22(10):3363-
8.

85



43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

86

Clough KB, van la Parra RFD, Thygesen HH, Levy E, Russ E, Halabi NM, et al. Long-
term Results After Oncoplastic Surgery for Breast Cancer: A 10-year Follow-up. Ann
Surg. 2018;268(1):165-71.

Mohamedahmed AYY, Zaman S, Zafar S, Laroiya I, Igbal J, Tan MLH, Shetty G.
Comparison of surgical and oncological outcomes between oncoplastic breast-
conserving surgery versus conventional breast-conserving surgery for treatment of

breast cancer: A systematic review and meta-analysis of 31 studies. Surg Oncol.
2022;42:101779.

Weber WP, Soysal SD, El-Tamer M, Sacchini V, Knauer M, Tausch C, et al. First
international consensus conference on standardization of oncoplastic breast conserving
surgery. Breast Cancer Res Treat. 2017;165(1):139-49.

Hoffmann J, Wallwiener D. Classifying breast cancer surgery: a novel, complexity-
based system for oncological, oncoplastic and reconstructive procedures, and proof of
principle by analysis of 1225 operations in 1166 patients. BMC Cancer. 2009;9:108.

Chatterjee A, Gass J, Patel K, Holmes D, Kopkash K, Peiris L, et al. A Consensus
Definition and Classification System of Oncoplastic Surgery Developed by the
American Society of Breast Surgeons. Annals of Surgical Oncology.
2019;26(11):3436-44.

Iwuchukwu OC, Harvey JR, Dordea M, Critchley AC, Drew PJ. The role of
oncoplastic therapeutic mammoplasty in breast cancer surgery--a review. Surg Oncol.
2012;21(2):133-41.

Millen JC, Jackson KM, Stern SL, Orozco J1J, Fancher CE, Grumley J. Simultaneous
Symmetry Procedure in Patients Undergoing Oncoplastic Breast-Conserving Surgery:
An Evaluation of Patient Desire and Revision Rates. Ann Surg Oncol.
2023;30(10):6135-9.

Berry MG, Fitoussi AD, Curnier A, Couturaud B, Salmon RJ. Oncoplastic breast
surgery: a review and systematic approach. J Plast Reconstr Aesthet Surg.
2010;63(8):1233-43.

Toomey A LC. Axillary Lymphadenectomy. StatPearls: StatPearls Publishing,
Treasure Island (FL); 2023.

Ivens D, Hoe AL, Podd TJ, Hamilton CR, Taylor I, Royle GT. Assessment of
morbidity from complete axillary dissection. Br J Cancer. 1992;66(1):136-8.

Engel J, Kerr J, Schlesinger-Raab A, Sauer H, Holzel D. Axilla surgery severely affects
quality of life: results of a 5-year prospective study in breast cancer patients. Breast
Cancer Res Treat. 2003;79(1):47-57.

Giuliano AE, Kirgan DM, Guenther JM, Morton DL. Lymphatic mapping and sentinel
lymphadenectomy for breast cancer. Ann Surg. 1994;220(3):391-8; discussion 8-401.

Rao R, Euhus D, Mayo HG, Balch C. Axillary node interventions in breast cancer: a
systematic review. Jama. 2013;310(13):1385-94.

Magnoni F, Galimberti V, Corso G, Intra M, Sacchini V, Veronesi P. Axillary surgery
in breast cancer: An updated historical perspective. Semin Oncol. 2020;47(6):341-52.



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Gentilini OD, Botteri E, Sangalli C, Galimberti V, Porpiglia M, Agresti R, et al.
Sentinel Lymph Node Biopsy vs No Axillary Surgery in Patients With Small Breast
Cancer and Negative Results on Ultrasonography of Axillary Lymph Nodes: The
SOUND Randomized Clinical Trial. JAMA Oncol. 2023;9(11):1557-64.

Effects of chemotherapy and hormonal therapy for early breast cancer on recurrence
and 15-year survival: an overview of the randomised trials. Lancet.
2005;365(9472):1687-717.

Legha SS. Tamoxifen in the treatment of breast cancer. Ann Intern Med.
1988;109(3):219-28.

Aromatase inhibitors versus tamoxifen in early breast cancer: patient-level meta-
analysis of the randomised trials. Lancet. 2015;386(10001):1341-52.

Cuzick J, Chu K, Keevil B, Brentnall AR, Howell A, Zdenkowski N, et al. Effect of
baseline oestradiol serum concentration on the efficacy of anastrozole for preventing
breast cancer in postmenopausal women at high risk: a case-control study of the IBIS-II
prevention trial. The Lancet Oncology. 2024;25(1):108-16.

(SBU) Sbfmu. Aromatashammande lakemedel vid behandling av postmenopausala
kvinnor med tidig ER-positiv brostcancer. SBU Alert-rapport nr 2014-02; 2014.

Cuzick J, Sestak I, Forbes JF, Dowsett M, Cawthorn S, Mansel RE, et al. Use of
anastrozole for breast cancer prevention (IBIS-II): long-term results of a randomised
controlled trial. Lancet. 2020;395(10218):117-22.

Clarke M, Collins R, Darby S, Davies C, Elphinstone P, Evans V, et al. Effects of
radiotherapy and of differences in the extent of surgery for early breast cancer on local
recurrence and 15-year survival: an overview of the randomised trials. Lancet.
2005;366(9503):2087-106.

McGale P, Taylor C, Correa C, Cutter D, Duane F, Ewertz M, et al. Effect of
radiotherapy after mastectomy and axillary surgery on 10-year recurrence and 20-year
breast cancer mortality: meta-analysis of individual patient data for 8135 women in 22
randomised trials. Lancet. 2014;383(9935):2127-35.

Wickberg A, Liljegren G, Killander F, Lindman H, Bjéhle J, Carlberg M, et al.
Omitting radiotherapy in women > 65 years with low-risk early breast cancer after
breast-conserving surgery and adjuvant endocrine therapy is safe. Eur J Surg Oncol.
2018;44(7):951-6.

Kunkler IH, Williams LJ, Jack WJL, Cameron DA, Dixon JM. Breast-Conserving
Surgery with or without Irradiation in Early Breast Cancer. N Engl J Med.
2023;388(7):585-94.

Hickey BE, James ML, Lehman M, Hider PN, Jeffery M, Francis DP, See AM.
Fraction size in radiation therapy for breast conservation in early breast cancer.
Cochrane Database Syst Rev. 2016;7(7):Cd003860.

Murray Brunt A, Haviland JS, Wheatley DA, Sydenham MA, Alhasso A, Bloomfield
DJ, et al. Hypofractionated breast radiotherapy for 1 week versus 3 weeks (FAST-
Forward): 5-year efficacy and late normal tissue effects results from a multicentre, non-
inferiority, randomised, phase 3 trial. Lancet. 2020;395(10237):1613-26.

87



70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

8l1.

82.

88

Anthracycline-containing and taxane-containing chemotherapy for early-stage operable
breast cancer: a patient-level meta-analysis of 100 000 women from 86 randomised
trials. Lancet. 2023;401(10384):1277-92.

Peto R, Davies C, Godwin J, Gray R, Pan HC, Clarke M, et al. Comparisons between
different polychemotherapy regimens for early breast cancer: meta-analyses of long-
term outcome among 100,000 women in 123 randomised trials. Lancet.
2012;379(9814):432-44.

Effects of adjuvant tamoxifen and of cytotoxic therapy on mortality in early breast
cancer. An overview of 61 randomized trials among 28,896 women. N Engl J Med.
1988;319(26):1681-92.

De Lena M, Zucali R, Viganotti G, Valagussa P, Bonadonna G. Combined
chemotherapy-radiotherapy approach in locally advanced (T3b-T4) breast cancer.
Cancer Chemother Pharmacol. 1978;1(1):53-9.

van der Hage JA, van de Velde CJ, Julien JP, Tubiana-Hulin M, Vandervelden C,
Duchateau L. Preoperative chemotherapy in primary operable breast cancer: results
from the European Organization for Research and Treatment of Cancer trial 10902. J
Clin Oncol. 2001;19(22):4224-37.

Fisher B, Bryant J, Wolmark N, Mamounas E, Brown A, Fisher ER, et al. Effect of
preoperative chemotherapy on the outcome of women with operable breast cancer. J
Clin Oncol. 1998;16(8):2672-85.

Mieog JSD, van der Hage JA, van de Velde CJH. Preoperative chemotherapy for
women with operable breast cancer. Cochrane Database Syst Rev.
2007;2007(2):CD005002-CD.

Cortazar P, Zhang L, Untch M, Mehta K, Costantino JP, Wolmark N, et al.
Pathological complete response and long-term clinical benefit in breast cancer: the
CTNeoBC pooled analysis. Lancet. 2014;384(9938):164-72.

Fayanju OM, Ren Y, Thomas SM, Greenup RA, Plichta JK, Rosenberger LH, et al.
The Clinical Significance of Breast-only and Node-only Pathologic Complete
Response (pCR) After Neoadjuvant Chemotherapy (NACT): A Review of 20,000
Breast Cancer Patients in the National Cancer Data Base (NCDB). Ann Surg.
2018;268(4):591-601.

Fatayer H, O'Connell RL, Bannon F, Coles CE, Copson E, Cutress RI, et al. Current
practice and surgical outcomes of neoadjuvant chemotherapy for early breast cancer:
UK NeST study. Br J Surg. 2022;109(9):800-3.

Petruolo O, Sevilimedu V, Montagna G, Le T, Morrow M, Barrio AV. How Often
Does Modern Neoadjuvant Chemotherapy Downstage Patients to Breast-Conserving
Surgery? Ann Surg Oncol. 2021;28(1):287-94.

O'Connor DJ, Davey MG, Barkley LR, Kerin MJ. Differences in sensitivity to
neoadjuvant chemotherapy among invasive lobular and ductal carcinoma of the breast
and implications on surgery-A systematic review and meta-analysis. Breast. 2022;61:1-
10.

Mauri D, Pavlidis N, Ioannidis JP. Neoadjuvant versus adjuvant systemic treatment in
breast cancer: a meta-analysis. J Natl Cancer Inst. 2005;97(3):188-94.



3.

84.

85.

86.

&7.

88.

89.

90.

91.

92.

93.

94.

95.

Long-term outcomes for neoadjuvant versus adjuvant chemotherapy in early breast
cancer: meta-analysis of individual patient data from ten randomised trials. Lancet
Oncol. 2018;19(1):27-39.

Mamtani A, Barrio AV, King TA, Van Zee KJ, Plitas G, Pilewskie M, et al. How Often
Does Neoadjuvant Chemotherapy Avoid Axillary Dissection in Patients With
Histologically Confirmed Nodal Metastases? Results of a Prospective Study. Annals of
surgical oncology. 2016;23(11):3467-74.

Lorentzen T, Heidemann LN, Mdller S, Bille C. Impact of neoadjuvant chemotherapy
on surgical complications in breast cancer: A systematic review and meta-analysis. Eur
J Surg Oncol. 2022;48(1):44-52.

Kim HJ, Dominici L, Rosenberg SM, Zheng Y, Pak LM, Poorvu PD, et al. Surgical
Treatment After Neoadjuvant Systemic Therapy in Young Women With Breast
Cancer: Results From a Prospective Cohort Study. Ann Surg. 2022;276(1):173-9.

Kelly AM, Dwamena B, Cronin P, Carlos RC. Breast cancer sentinel node
identification and classification after neoadjuvant chemotherapy-systematic review and
meta analysis. Acad Radiol. 2009;16(5):551-63.

Kuemmel S, Heil J, Bruzas S, Breit E, Schindowski D, Harrach H, et al. Safety of
Targeted Axillary Dissection After Neoadjuvant Therapy in Patients With Node-
Positive Breast Cancer. JAMA Surg. 2023;158(8):807-15.

Kuemmel S, Heil J, Rueland A, Seiberling C, Harrach H, Schindowski D, et al. A
Prospective, Multicenter Registry Study to Evaluate the Clinical Feasibility of Targeted
Axillary Dissection (TAD) in Node-positive Breast Cancer Patients. Ann Surg.
2022;276(5):€553-e62.

Kuerer HM, Smith BD, Krishnamurthy S, Yang WT, Valero V, Shen Y, et al.
Eliminating breast surgery for invasive breast cancer in exceptional responders to
neoadjuvant systemic therapy: a multicentre, single-arm, phase 2 trial. Lancet Oncol.
2022;23(12):1517-24.

Ladwa A, Elghawy O, Schroen A, Abernathy K, Schlefman J, Dillon P. Complete
Response of Triple-Negative Metaplastic Carcinoma of the Breast Using
Pembrolizumab. Case Reports in Oncology. 2023;16:1129-35.

De Lorenzi F, Hubner G, Rotmensz N, Bagnardi V, Loschi P, Maisonneuve P, et al.
Oncological results of oncoplastic breast-conserving surgery: Long term follow-up of a
large series at a single institution: A matched-cohort analysis. Eur J Surg Oncol.
2016;42(1):71-7.

Kosasih S, Tayeh S, Mokbel K, Kasem A. Is oncoplastic breast conserving surgery
oncologically safe? A meta-analysis of 18,103 patients. Am J Surg. 2020.

Pleijhuis RG, Graafland M, de Vries J, Bart J, de Jong JS, van Dam GM. Obtaining
adequate surgical margins in breast-conserving therapy for patients with early-stage

breast cancer: current modalities and future directions. Ann Surg Oncol.
2009;16(10):2717-30.

Menes TS, Tartter PI, Bleiweiss I, Godbold JH, Estabrook A, Smith SR. The
consequence of multiple re-excisions to obtain clear lumpectomy margins in breast
cancer patients. Ann Surg Oncol. 2005;12(11):881-5.

89



96.

97.

98.

99.

100.

101.
102.

103.

104.

105.

106.

107.

108.

109.

90

Kouzminova NB, Aggarwal S, Aggarwal A, Allo MD, Lin AY. Impact of initial
surgical margins and residual cancer upon re-excision on outcome of patients with
localized breast cancer. Am J Surg. 2009;198(6):771-80.

Munshi A, Kakkar S, Bhutani R, Jalali R, Budrukkar A, Dinshaw KA. Factors
influencing cosmetic outcome in breast conservation. Clin Oncol (R Coll Radiol).
2009;21(4):285-93.

Pittinger TP, Maronian NC, Poulter CA, Peacock JL. Importance of margin status in
outcome of breast-conserving surgery for carcinoma. Surgery. 1994;116(4):605-8;
discussion 8-9.

Dillon MF, Hill AD, Quinn CM, McDermott EW, O'Higgins N. A pathologic
assessment of adequate margin status in breast-conserving therapy. Ann Surg Oncol.
2006;13(3):333-9.

Boyages J, Delaney G, Taylor R. Predictors of local recurrence after treatment of ductal
carcinoma in situ: a meta-analysis. Cancer. 1999;85(3):616-28.

American Society of Breast Surgeon guidelines.

Morrow M, Van Zee KJ, Solin LJ, Houssami N, Chavez-MacGregor M, Harris JR, et
al. Society of Surgical Oncology-American Society for Radiation Oncology-American
Society of Clinical Oncology Consensus Guideline on Margins for Breast-Conserving
Surgery With Whole-Breast Irradiation in Ductal Carcinoma in Situ. Pract Radiat
Oncol. 2016;6(5):287-95.

Kurniawan ED, Wong MH, Windle I, Rose A, Mou A, Buchanan M, et al. Predictors
of surgical margin status in breast-conserving surgery within a breast screening
program. Ann Surg Oncol. 2008;15(9):2542-9.

Waljee JF, Hu ES, Newman LA, Alderman AK. Predictors of re-excision among
women undergoing breast-conserving surgery for cancer. Ann Surg Oncol.
2008;15(5):1297-303.

Reedijk M, Hodgson N, Gohla G, Boylan C, Goldsmith CH, Foster G, et al. A
prospective study of tumor and technical factors associated with positive margins in
breast-conservation therapy for nonpalpable malignancy. Am J Surg. 2012;204(3):263-
8.

Yi M, Meric-Bernstam F, Kuerer HM, Mittendorf EA, Bedrosian I, Lucci A, et al.
Evaluation of a breast cancer nomogram for predicting risk of ipsilateral breast tumor
recurrences in patients with ductal carcinoma in situ after local excision. J Clin Oncol.
2012;30(6):600-7.

Shin H-C, Han W, Moon H-G, Cho N, Moon WK, Park I-A, et al. Nomogram for
predicting positive resection margins after breast-conserving surgery. Breast Cancer
Research and Treatment. 2012;134(3):1115-23.

Pleijhuis RG, Kwast AB, Jansen L, de Vries J, Lanting R, Bart J, et al. A validated
web-based nomogram for predicting positive surgical margins following breast-
conserving surgery as a preoperative tool for clinical decision-making. Breast.
2013;22(5):773-9.

PanZ,Zhu L, Li Q, Lai J, Peng J, Su F, et al. Predicting initial margin status in breast
cancer patients during breast-conserving surgery. Onco Targets Ther. 2018;11:2627-35.



110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

Martins Maia C, Siderides C, Jaffer S, Weltz C, Cate S, Ahn S, et al. Mastectomy or
Margin Re-excision? A Nomogram for Close/Positive Margins After Lumpectomy for
DCIS. Ann Surg Oncol. 2022;29(6):3740-8.

Zhao R, Xing J, Gao J. Development and Validation of a Prediction Model for Positive
Margins in Breast-Conserving Surgery. Front Oncol. 2022;12:875665.

Bundred JR, Michael S, Stuart B, Cutress RI, Beckmann K, Holleczek B, et al. Margin
status and survival outcomes after breast cancer conservation surgery: prospectively
registered systematic review and meta-analysis. Bmj. 2022;378:e070346.

Thill M, Szwarcfiter I, Kelling K, van Haasteren V, Kolka E, Noelke J, et al. Magnetic
resonance imaging system for intraoperative margin assessment for DCIS and invasive
breast cancer using the ClearSight™ system in breast-conserving surgery-Results from
a postmarketing study. J Surg Oncol. 2022;125(3):361-8.

Byrd BK, Wells WA, Strawbridge RR, Barth CW, Samkoe KS, Gibbs SL, Davis SC.
Evaluating Receptor-Specific Fresh Specimen Staining for Tumor Margin Detection in
Clinical Breast Specimens. Mol Imaging Biol. 2023;25(5):911-22.

Meyerowitz BE. Psychosocial correlates of breast cancer and its treatments. Psychol
Bull. 1980;87(1):108-31.

Schipper H, Clinch J, McMurray A, Levitt M. Measuring the quality of life of cancer
patients: the Functional Living Index-Cancer: development and validation. J Clin
Oncol. 1984;2(5):472-83.

Ware Jr JE. Conceptualizing Disease Impact and Treatment Outcomes. Cancer.
1984;53(510):2316-23.

Streiner DL, Norman GR, Cairney J. Health Measurement Scales: A practical guide to
their development and use: Oxford University Press; 2014 01 Jan 2015.

O'Connell RL, DiMicco R, Khabra K, O'Flynn EA, deSouza N, Roche N, et al. Initial
experience of the BREAST-Q breast-conserving therapy module. Breast Cancer Res
Treat. 2016;160(1):79-89.

McNeely ML, Campbell KL, Rowe BH, Klassen TP, Mackey JR, Courneya KS.
Effects of exercise on breast cancer patients and survivors: a systematic review and
meta-analysis. Canadian Medical Association Journal. 2006;175(1):34-41.

Ehsan AN, Wu CA, Minasian A, Singh T, Bass M, Pace L, et al. Financial Toxicity
Among Patients With Breast Cancer Worldwide: A Systematic Review and Meta-
analysis. JAMA Netw Open. 2023;6(2):¢2255388.

Haloua MH, Krekel NM, Winters HA, Rietveld DH, Meijer S, Bloemers FW, van den
Tol MP. A systematic review of oncoplastic breast-conserving surgery: current
weaknesses and future prospects. Ann Surg. 2013;257(4):609-20.

Nanda A, Hu J, Hodgkinson S, Ali S, Rainsbury R, Roy PG. Oncoplastic
breast-conserving surgery for women with primary breast cancer. Cochrane Database
of Systematic Reviews. 2021(10).

Pusic AL, Klassen AF, Scott AM, Klok JA, Cordeiro PG, Cano SJ. Development of a
new patient-reported outcome measure for breast surgery: the BREAST-Q. Plast
Reconstr Surg. 2009;124(2):345-53.

91



125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

92

Pusic AL, Reavey PL, Klassen AF, Scott A, McCarthy C, Cano SJ. Measuring patient
outcomes in breast augmentation: introducing the BREAST-Q Augmentation module.
Clin Plast Surg. 2009;36(1):23-32, v.

Seth I, Seth N, Bulloch G, Rozen WM, Hunter-Smith DJ. Systematic Review of
Breast-Q: A Tool to Evaluate Post-Mastectomy Breast Reconstruction. Breast Cancer
(Dove Med Press). 2021;13:711-24.

European Organisation for Research and Treatment of Cancer (EORTC) [Available
from: https://qol.eortc.org/.

Nguyen J, Popovic M, Chow E, Cella D, Beaumont JL., Chu D, et al. EORTC QLQ-
BR23 and FACT-B for the assessment of quality of life in patients with breast cancer: a
literature review. J Comp Eff Res. 2015;4(2):157-66.

Ademaj A, Puric E, Timm O, Kurti D, Marder D, Kern T, et al. Real World Analysis of
Quality of Life and Toxicity in Cancer Patients Treated with Hyperthermia Combined
with Radio(chemo)therapy. Cancers. 2023;15(4):1241.

Cardoso JS, Cardoso MJ. Towards an intelligent medical system for the aesthetic
evaluation of breast cancer conservative treatment. Artificial Intelligence In Medicine.
2007.

Cardoso MJ, Cardoso J, Amaral N, Azevedo I, Barreau L, Bernardo M, et al. Turning
subjective into objective: The BCCT.core software for evaluation of cosmetic results in
breast cancer conservative treatment. The Breast. 2007;16(5):456-61.

Trakis S, Lord H, Graham P, Fernandez R. Reliability of the BCCT.core software in
evaluation of breast cosmesis - A systematic review. J] Med Imaging Radiat Oncol.
2021;65(6):817-25.

Forster T, Kohler C, Dorn M, Hiafner MF, Arians N, Konig L, et al. Methods of
Esthetic Assessment after Adjuvant Whole-Breast Radiotherapy in Breast Cancer

Patients: Evaluation of the BCCT.core Software and Patients' and Physicians'
Assessment from the Randomized IMRT-MC?2 Trial. Cancers (Basel). 2022;14(12).
Pezner RD, Patterson MP, Hill LR, Vora N, Desai KR, Archambeau JO, Lipsett JA.
Breast retraction assessment: an objective evaluation of cosmetic results of patients
treated conservatively for breast cancer. Int J Radiat Oncol Biol Phys. 1985;11(3):575-
8.

Al-Ghazal SK, Blamey RW. Cosmetic assessment of breast-conserving surgery for
primary breast cancer. Breast. 1999;8(4):162-8.

Van Limbergen E, van der Schueren E, Van Tongelen K. Cosmetic evaluation of breast
conserving treatment for mammary cancer. 1. Proposal of a quantitative scoring
system. Radiother Oncol. 1989;16(3):159-67.

Harris JR, Levene MB, Svensson G, Hellman S. Analysis of cosmetic results following
primary radiation therapy for stages I and II carcinoma of the breast. Int J Radiat Oncol
Biol Phys. 1979;5(2):257-61.

Lindsey I, Serpell JW, Johnson WR, Rodger A. Cosmesis following complete local
excision of breast cancer. Aust N Z J Surg. 1997,67(7):428-32.

Gray JR, McCormick B, Cox L, Yahalom J. Primary breast irradiation in large-breasted
or heavy women: analysis of cosmetic outcome. Int J Radiat Oncol Biol Phys.
1991;21(2):347-54.



140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

Kirkwood BR, Sterne JAC, Kirkwood BR. Essential medical statistics. 2nd ed:
Blackwell Science; 2003.

Emiroglu M, Karaali C, Salimoglu S, Sert I, Aydin C. Oncoplastic reduction
mammoplasty for breast cancer in women with macromastia: long term aesthetic,
functional and satisfaction outcomes. Contemp Oncol (Pozn). 2016;20(3):256-60.

Munhoz AM, Montag E, Arruda EG, Aldrighi C, Gemperli R, Aldrighi JM, Ferreira
MC. Critical analysis of reduction mammaplasty techniques in combination with
conservative breast surgery for early breast cancer treatment. Plast Reconstr Surg.
2006;117(4):1091-103; discussion 104-7.

Santos G, Urban C, Edelweiss MI, Zucca-Matthes G, de Oliveira VM, Arana GH, et al.
Long-Term Comparison of Aesthetical Outcomes After Oncoplastic Surgery and
Lumpectomy in Breast Cancer Patients. Ann Surg Oncol. 2015;22(8):2500-8.

Vella Baldacchino R, Bellizzi A, Madada-Nyakauru RN, Kazzazi F, Oni G, Forouhi P,
Malata CM. Assessment of breast symmetry in breast cancer patients undergoing
therapeutic mammaplasty using the Breast Cancer Conservation Therapy cosmetic
results software (BCCT.core). Gland Surg. 2019;8(3):218-25.

McCulley SJ, Macmillan RD. Therapeutic mammaplasty--analysis of 50 consecutive
cases. Br J Plast Surg. 2005;58(7):902-7.

Losken A, Styblo TM, Carlson GW, Jones GE, Amerson BJ. Management algorithm
and outcome evaluation of partial mastectomy defects treated using reduction or
mastopexy techniques. Ann Plast Surg. 2007;59(3):235-42.

Nos C, Fitoussi A, Bourgeois D, Fourquet A, Salmon RJ, Clough KB. Conservative
treatment of lower pole breast cancers by bilateral mammoplasty and radiotherapy. Eur
J Surg Oncol. 1998;24(6):508-14.

Grubnik A, Benn C, Edwards G. Therapeutic mammaplasty for breast cancer:
oncological and aesthetic outcomes. World J Surg. 2013;37(1):72-83.

Clough KB, Kroll SS, Audretsch W. An approach to the repair of partial mastectomy
defects. Plast Reconstr Surg. 1999;104(2):409-20.

Smith ML, Evans GR, Giirlek A, Bouvet M, Singletary SE, Ames FC, et al. Reduction
mammaplasty: its role in breast conservation surgery for early-stage breast cancer. Ann
Plast Surg. 1998:;41(3):234-9.

Clough KB, Nos C, Salmon RJ, Soussaline M, Durand JC. Conservative treatment of
breast cancers by mammaplasty and irradiation: a new approach to lower quadrant
tumors. Plast Reconstr Surg. 1995;96(2):363-70.

Di Micco R, O'Connell RL, Barry PA, Roche N, MacNeill FA, Rusby JE. Bilateral
mammoplasty for cancer: Surgical, oncological and patient-reported outcomes. Eur J
Surg Oncol. 2017;43(1):68-75.

O'Connell RL, Baker E, Trickey A, Rattay T, Whisker L, Macmillan RD, Potter S.
Current practice and short-term outcomes of therapeutic mammaplasty in the
international TeaM multicentre prospective cohort study. Br J Surg.
2018;105(13):1778-92.

Lefebvre D, Penel N, Deberles MF, Fournier C. [Incidence and surgical wound
infection risk factors in breast cancer surgery]. Presse Med. 2000;29(35):1927-32.

93



155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

94

Zhang MX, Chen CY, Fang QQ, Xu JH, Wang XF, Shi BH, et al. Risk Factors for
Complications after Reduction Mammoplasty: A Meta-Analysis. PLoS One.
2016;11(12):e0167746.

Piper ML, Esserman LJ, Sbitany H, Peled AW. Outcomes Following Oncoplastic
Reduction Mammoplasty: A Systematic Review. Ann Plast Surg. 2016;76 Suppl
3:8222-6.

McCahill LE, Single RM, Aiello Bowles EJ, Feigelson HS, James TA, Barney T, et al.
Variability in reexcision following breast conservation surgery. Jama.
2012;307(5):467-75.

Jeevan R, Cromwell DA, Trivella M, Lawrence G, Kearins O, Pereira J, et al.
Reoperation rates after breast conserving surgery for breast cancer among women in
England: retrospective study of hospital episode statistics. BMJ : British Medical
Journal. 2012;345:e4505.

Talsma AK, Reedijk AM, Damhuis RA, Westenend PJ, Vles WJ. Re-resection rates
after breast-conserving surgery as a performance indicator: introduction of a case-mix
model to allow comparison between Dutch hospitals. Eur J Surg Oncol.
2011;37(4):357-63.

Houvenaeghel G, Lambaudie E, Bannier M, Rua S, Barrou J, Heinemann M, et al.

Positive or close margins: reoperation rate and second conservative resection or total
mastectomy? Cancer Manag Res. 2019;11:2507-16.

van Deurzen CHM. Predictors of Surgical Margin Following Breast-Conserving
Surgery: A Large Population-Based Cohort Study. Annals of Surgical Oncology.
2016;23(5):627-33.

Keskek M, Kothari M, Ardehali B, Betambeau N, Nasiri N, Gui GP. Factors
predisposing to cavity margin positivity following conservation surgery for breast
cancer. Eur J Surg Oncol. 2004;30(10):1058-64.

Chagpar AB, Martin RC, 2nd, Hagendoorn LJ, Chao C, McMasters KM. Lumpectomy
margins are affected by tumor size and histologic subtype but not by biopsy technique.
Am J Surg. 2004;188(4):399-402.

Clough KB, Gouveia PF, Benyahi D, Massey EJ, Russ E, Sarfati I, Nos C. Positive
Margins After Oncoplastic Surgery for Breast Cancer. Ann Surg Oncol.
2015;22(13):4247-53.

Hughes L, Hamm J, McGahan C, Baliski C. Surgeon Volume, Patient Age, and
Tumor-Related Factors Influence the Need for Re-Excision After Breast-Conserving
Surgery. Ann Surg Oncol. 2016;23(Suppl 5):656-64.

Langhans L, Jensen MB, Talman MM, Vejborg I, Kroman N, Tvedskov TF.
Reoperation Rates in Ductal Carcinoma In Situ vs Invasive Breast Cancer After Wire-
Guided Breast-Conserving Surgery. JAMA Surg. 2017;152(4):378-84.

Boughey JC, McCall LM, Ballman KV, Mittendorf EA, Ahrendt GM, Wilke LG, et al.
Tumor biology correlates with rates of breast-conserving surgery and pathologic
complete response after neoadjuvant chemotherapy for breast cancer: findings from the
ACOSOG Z1071 (Alliance) Prospective Multicenter Clinical Trial. Ann Surg.
2014;260(4):608-14; discussion 14-6.



168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

Philpott A, Wong J, Elder K, Gorelik A, Mann GB, Skandarajah A. Factors influencing
reoperation following breast-conserving surgery. ANZ J Surg. 2018;88(9):922-7.

Bahl M, Baker JA, Kinsey EN, Ghate SV. MRI predictors of tumor-positive margins
after breast-conserving surgery. Clin Imaging. 2019;57:45-9.

Barentsz MW, Postma EL, van Dalen T, van den Bosch MA, Miao H, Gobardhan PD,
et al. Prediction of positive resection margins in patients with non-palpable breast
cancer. Eur J Surg Oncol. 2015;41(1):106-12.

Lai HW, Huang RH, Wu YT, Chen CJ, Chen ST, Lin Y], et al. Clinicopathologic
factors related to surgical margin involvement, reoperation, and residual cancer in
primary operable breast cancer - An analysis of 2050 patients. Eur J Surg Oncol.
2018;44(11):1725-35.

Wilke LG, Czechura T, Wang C, Lapin B, Liederbach E, Winchester DP, Yao K.
Repeat surgery after breast conservation for the treatment of stage 0 to II breast
carcinoma: a report from the National Cancer Data Base, 2004-2010. JAMA Surg.
2014;149(12):1296-305.

Alves-Ribeiro L, Osorio F, Amendoeira I, Fougo JL. Positive margins prediction in
breast cancer conservative surgery: Assessment of a preoperative web-based
nomogram. Breast. 2016;28:167-73.

Lee ES, Han W, Shin HC, Takada M, Ryu HS, Cho N, et al. Clinical benefit of
nomogram for predicting positive resection margins in breast conserving surgery. Eur J
Surg Oncol. 2016;42(8):1169-75.

Jung JJ, Kang E, Kim EK, Kim SM, Jang M, La Yun B, et al. External validation and
modification of nomogram for predicting positive resection margins before breast
conserving surgery. Breast Cancer Res Treat. 2020;183(2):373-80.

Turnbull L, Brown S, Harvey I, Olivier C, Drew P, Napp V, et al. Comparative
effectiveness of MRI in breast cancer (COMICE) trial: a randomised controlled trial.
Lancet. 2010;375(9714):563-71.

Peters NH, van Esser S, van den Bosch MA, Storm RK, Plaisier PW, van Dalen T, et
al. Preoperative MRI and surgical management in patients with nonpalpable breast
cancer: the MONET - randomised controlled trial. Eur J Cancer. 2011;47(6):879-86.
Cali Cassi L, Vanni G, Petrella G, Orsaria P, Pistolese C, Lo Russo G, et al.
Comparative study of oncoplastic versus non-oncoplastic breast conserving surgery in
a group of 211 breast cancer patients. Eur Rev Med Pharmacol Sci. 2016;20(14):2950-
4.

Campbell EJ, Romics L. Oncological safety and cosmetic outcomes in oncoplastic

breast conservation surgery, a review of the best level of evidence literature. Breast
Cancer (Dove Med Press). 2017;9:521-30.

De La Cruz L, Blankenship SA, Chatterjee A, Geha R, Nocera N, Czerniecki BJ, et al.
Outcomes After Oncoplastic Breast-Conserving Surgery in Breast Cancer Patients: A
Systematic Literature Review. Ann Surg Oncol. 2016;23(10):3247-58.

Chakravorty A, Shrestha AK, Sanmugalingam N, Rapisarda F, Roche N, Querci Della
Rovere G, Macneill FA. How safe is oncoplastic breast conservation? Comparative
analysis with standard breast conserving surgery. Eur J Surg Oncol. 2012;38(5):395-8.

95



182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

96

Landercasper J, Whitacre E, Degnim AC, Al-Hamadani M. Reasons for re-excision
after lumpectomy for breast cancer: insight from the American Society of Breast
Surgeons Mastery(SM) database. Ann Surg Oncol. 2014;21(10):3185-91.

Isaacs AJ, Gemignani ML, Pusic A, Sedrakyan A. Association of Breast Conservation
Surgery for Cancer With 90-Day Reoperation Rates in New York State. JAMA Surg.
2016;151(7):648-55.

Tang SS, Kaptanis S, Haddow JB, Mondani G, Elsberger B, Tasoulis MK, et al.
Current margin practice and effect on re-excision rates following the publication of the
SSO-ASTRO consensus and ABS consensus guidelines: a national prospective study
of 2858 women undergoing breast-conserving therapy in the UK and Ireland. Eur J
Cancer. 2017;84:315-24.

Heelan Gladden AA, Sams S, Gleisner A, Finlayson C, Kounalakis N, Hosokawa P, et
al. Re-excision rates after breast conserving surgery following the 2014 SSO-ASTRO
guidelines. Am J Surg. 2017;214(6):1104-9.

van Leeuwen MT, Falster MO, Vajdic CM, Crowe PJ, Lujic S, Klaes E, et al.
Reoperation after breast-conserving surgery for cancer in Australia: statewide cohort
study of linked hospital data. BMJ Open. 2018;8(4):¢020858.

Kaczmarski K, Wang P, Gilmore R, Overton HN, Euhus DM, Jacobs LK, et al.
Surgeon Re-Excision Rates after Breast-Conserving Surgery: A Measure of Low-Value
Care. ] Am Coll Surg. 2019;228(4):504-12.¢2.

Spronk PER, Volders JH, van den Tol P, Smorenburg CH, Vrancken Peeters M. Breast
conserving therapy after neoadjuvant chemotherapy; data from the Dutch Breast
Cancer Audit. Eur J Surg Oncol. 2019;45(2):110-7.

Karakatsanis A, Tasoulis MK, Wirnberg F, Nilsson G, MacNeill F. Meta-analysis of
neoadjuvant therapy and its impact in facilitating breast conservation in operable breast
cancer. Br J Surg. 2018;105(5):469-81.

Woeste MR, Bhutiani N, Donaldson M, McMasters KM, Ajkay N. Evaluating the
effect of neoadjuvant chemotherapy on surgical outcomes after breast conserving
surgery. J Surg Oncol. 2021;123(2):439-45.

Asselain B, Barlow W, Bartlett J, Bergh J, Bergsten-Nordstrom E, Bliss J, et al. Long-
term outcomes for neoadjuvant versus adjuvant chemotherapy in early breast cancer:
Meta-analysis of individual patient data from ten randomised trials. The Lancet
Oncology. 2017;19.

Koppiker CB, Kelkar DA, Kulkarni M, Kadu S, Pai M, Dhar U, et al. Impact of
oncoplasty in increasing breast conservation rates Post neo-adjuvant chemotherapy.
Front Oncol. 2023;13:1176609.

Saghir H, Veerla S, Malmberg M, Rydén L, Ehinger A, Saal LH, et al. How Reliable
Are Gene Expression-Based and Immunohistochemical Biomarkers Assessed on a
Core-Needle Biopsy? A Study of Paired Core-Needle Biopsies and Surgical Specimens
in Early Breast Cancer. Cancers (Basel). 2022;14(16).

Griguolo G, Bottosso M, Vernaci G, Miglietta F, Dieci MV, Guarneri V. Gene-
expression signatures to inform neoadjuvant treatment decision in HR+/HER2- breast
cancer: Available evidence and clinical implications. Cancer Treat Rev.
2022;102:102323.



195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

Christiansen P, Mele M, Bodilsen A, Rocco N, Zachariae R. Breast-Conserving
Surgery or Mastectomy?: Impact on Survival. Annals of Surgery Open.
2022;3(4):e205.

De la Cruz Ku G, Karamchandani M, Chambergo-Michilot D, Narvaez-Rojas AR,
Jonczyk M, Principe-Meneses FS, et al. Does Breast-Conserving Surgery with
Radiotherapy have a Better Survival than Mastectomy? A Meta-Analysis of More than
1,500,000 Patients. Ann Surg Oncol. 2022;29(10):6163-88.

Aristokleous I, Oberg J, Pantiora E, Sjokvist O, Navia JE, Mani M, Karakatsanis A.
Effect of standardised surgical assessment and shared decision-making on morbidity
and patient satisfaction after breast conserving therapy: A cross-sectional study. Eur J
Surg Oncol. 2023;49(1):60-7.

Char S, Bloom JA, Erlichman Z, Jonczyk M, Chatterjee A, Guo L. How Does
Oncoplastic Surgery Compare with Standard Partial Mastectomy? A Systematic
Review of Patient-Reported Outcomes. Plast Reconstr Surg. 2022;150(5):950e-8e.

Arora N, Patel R, Sohi G, Merchant S, Martou G. A Scoping Review of the
Application of BREAST-Q in Surgical Research. JPRAS Open. 2023;37:9-23.

Aristokleous I, Saddiq M. Quality of life after oncoplastic breast-conserving surgery: a
systematic review. ANZ J Surg. 2019;89(6):639-46.

Aratijo Pereira Lisboa FC, Paulinelli RR, Campos Veras LP, Jubé Ribeiro LF, Padua
Oliveira LF, Sousa Rahal RM, et al. Aesthetic results were more satisfactory after
oncoplastic surgery than after total breast reconstruction according to patients and
surgeons. Breast. 2023;71:47-53.

Hanson SE, Lei X, Roubaud MS, DeSnyder SM, Caudle AS, Shaitelman SF, et al.
Long-term Quality of Life in Patients With Breast Cancer After Breast Conservation vs
Mastectomy and Reconstruction. JAMA Surg. 2022;157(6):¢220631.

Zwakman M, Tan A, Boersma C, Klinkenbijl JHG, Noorda EM, de Jong TR, Francken
AB. Long-term quality of life and aesthetic outcomes after breast conserving surgery in
patients with breast cancer. Eur J Surg Oncol. 2022;48(8):1692-8.

Acea-Nebril B, Garcia-Novoa A, Cereijo-Garea C. Cosmetic sequelae after oncoplastic
breast surgery: long-term results of a prospective study. Breast J. 2021;27(1):35-43.
Zhou K, Bellanger M, Le Lann S, Robert M, Frenel JS, Campone M. The predictive
value of patient-reported outcomes on the impact of breast cancer treatment-related
quality of life. Front Oncol. 2022;12:925534.

Grant Y, Thiruchelvam PTR, Kovacevic L, Mossialos E, Al-Mufti R, Hogben K, et al.
Patient-level costs of staged unilateral versus immediate bilateral symmetrization
mammoplasty in breast-conserving surgery. BJS Open. 2022;6(3).

Chia Z, Lee RXN, Cardoso MJ, Cheung KL, Parks RM. Oncoplastic breast surgery in
older women with primary breast cancer: systematic review. Br J Surg.
2023;110(10):1309-15.

Veluponnar D, de Boer LL, Geldof F, Jong L-JS, Da Silva Guimaraes M, Vrancken
Pecters M-JTFD, et al. Toward Intraoperative Margin Assessment Using a Deep

Learning-Based Approach for Automatic Tumor Segmentation in Breast Lumpectomy
Ultrasound Images. Cancers. 2023;15(6):1652.

97



209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

98

Wang Y, Jiao W, Yin Z, Zhao W, Zhao K, Zhou Y, et al. Application of near-infrared
fluorescence imaging in the accurate assessment of surgical margins during breast-
conserving surgery. World Journal of Surgical Oncology. 2022;20(1):357.

Hanna K, Krzoska E, Shaaban AM, Muirhead D, Abu-Eid R, Speirs V. Raman
spectroscopy: current applications in breast cancer diagnosis, challenges and future
prospects. British Journal of Cancer. 2022;126(8):1125-39.

Teller P, Nguyen TT, Tseng J, Allen L, Matsen CB, Bellavance E, et al. Innovation in
Breast Surgery: Practical and Ethical Considerations. Ann Surg Oncol. 2022.

Dixon JM, Renshaw L, Young O, Kulkarni D, Saleem T, Sarfaty M, et al. Intra-
operative assessment of excised breast tumour margins using ClearEdge imaging
device. Eur J Surg Oncol. 2016;42(12):1834-40.

Qiu SQ, Dorrius MD, de Jongh SJ, Jansen L, de Vries J, Schroder CP, et al. Micro-
computed tomography (micro-CT) for intraoperative surgical margin assessment of
breast cancer: A feasibility study in breast conserving surgery. Eur J Surg Oncol.
2018;44(11):1708-13.

Park KU, Kuerer HM, Rauch GM, Leung JWT, Sahin AA, Wei W, et al. Digital Breast
Tomosynthesis for Intraoperative Margin Assessment during Breast-Conserving
Surgery. Ann Surg Oncol. 2019;26(6):1720-8.

Lu T, Jorns JM, Ye DH, Patton M, Fisher R, Emmrich A, et al. Automated assessment
of breast margins in deep ultraviolet fluorescence images using texture analysis.
Biomed Opt Express. 2022;13(9):5015-34.

Kratkiewicz K, Pattyn A, Alijabbari N, Mehrmohammadi M. Ultrasound and
Photoacoustic Imaging of Breast Cancer: Clinical Systems, Challenges, and Future
Outlook. J Clin Med. 2022;11(5).

Oprea N, Ardito V, Ciani O. Implementing shared decision-making interventions in
breast cancer clinical practice: a scoping review. BMC Med Inform Decis Mak.
2023;23(1):164.

How to become a breast surgeon: Association of Breast Surgery; 2019 [Available from:
https://associationofbreastsurgery.org.uk/media/251900/abs-powerpoint-how-to-
become-a-breast-surgeon-2019-002.pdf.

Oncoplastic Breast Surgery Fellowship: The National Health Service; 2024 [Available
from: https://www.severndeanery.nhs.uk/recruitment/vacancies/show/tig-
2024/oncoplastic-breast-surgery-lib.

Rainsbury RM. The development of oncoplastic breast surgery in the UK. Annals of
Breast Surgery. 2021;6.



	Blank Page
	Paper 1.pdf
	Cosmetic Outcomes and Symmetry Comparison in Patients Undergoing Bilateral Therapeutic Mammoplasty for Breast Cancer
	Abstract
	Background
	Materials and Methods
	Results
	Conclusion

	Introduction
	Material and methods
	Results
	Discussion
	Funding
	References


	Blank Page
	Paper 2.pdf
	tblfn1
	tblfn2
	tblfn3
	tblfn4
	tblfn5
	tblfn6

	Blank Page
	Blank Page
	Paper 3.pdf
	A prospective cohort study identifying radiologic and tumor related factors of importance for breast conserving surgery aft ...
	Introduction
	Material and methods
	Results
	Discussion
	Conclusion
	Ethics approval
	Funding
	CRediT authorship contribution statement
	Acknowledgments
	Appendix A. Supplementary data
	References


	Blank Page
	Blank Page
	Blank Page


<<
  /ASCII85EncodePages false
  /AllowTransparency true
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 25%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 10
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 250
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 250
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 250
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 250
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.20000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /SVE ()
    /ENU <FEFF004600f6007200200074007200790063006b00200068006f00730020004d0065006400690061002d0054007200790063006b>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA39 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




