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Abstract
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Breast cancer is the most common cancer worldwide for females. A frequent complication
following breast cancer surgery is surgical site infection (SSI). Complications can result in
diminished quality of life, increased morbidity, elevated healthcare costs, delayed initiation
of adjuvant therapy, loss of reconstruction, and potentially adverse oncological outcomes. In
Paper I, the primary objective was to investigate the purported association between SSI and
breast cancer recurrence. In addition, the study aimed to explore a potential link between
any postoperative infection and breast cancer recurrence. This population-based, retrospective
cohort study found that neither SSI nor other postoperative infections were associated with
worse oncologic outcomes. Paper II investigated risk factors for SSI following breast cancer
surgery, as well as risk factors for other wound complications. This research was conducted
through a prospectively registered cohort study. Multivariable analysis identified BMI 25-30
and BMI >30 as the only significant risk factors for SSI. Additionally, significant risk factors for
any wound complication included mastectomy with or without reconstruction, as well as BMI
25-30 and BMI >30. In Paper 111, the primary aim was to evaluate whether SSI increases the
risk of systemic breast cancer recurrence. Secondary objectives included assessing the impact
of SSI on the risk of locoregional recurrence (LRR), breast cancer-specific survival (BCSS),
and overall survival (OS). This analysis utilized high-quality data from national population-
based registers, checking for confounding variables such as patient and tumour characteristics.
In conclusion, SSI following breast cancer surgery does not significantly increase the risk of
systemic recurrence, LRR, overall death, or breast cancer-specific death. Paper IV evaluated
the risk of systemic breast cancer recurrence following major systemic postoperative infection
or other major event. It also assessed the impact of these exposures on LRR, OS, and BCSS.
Utilizing the same cohort as in Paper III, the findings indicated that postoperative major
systemic infection was associated with an increased risk of systemic recurrence, overall death
and breast cancer-specific death, but not with LRR.

In conclusion, this thesis does not support the hypothesis that SSI is associated with
poorer oncological outcomes. However, it demonstrates an association between major systemic
infections and worse oncological outcomes.
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1 Introduction

Breast cancer is the most common cancer worldwide in females. Generally,
breast cancer is a treatable disease and survival rates are increasing due to
improvements in screening and treatment. W. S. Halsted performed the first
clearly documented radical mastectomy in the United States in 1882 (1). The
role of breast conserving surgery (BCS) was established during the 1980s,
thanks to U. Veronesi in Italy and B. Fisher in the USA (2). Since then, de-
escalating surgery has continued, especially where axillary surgery is con-
cerned. Recent studies suggest that BCS + radiotherapy (RT) leads to even
better survival than mastectomy regardless of RT (3). Aesthetic outcomes are
also of great importance, and there has been a rapid expansion of oncoplastic
techniques and advancements in different reconstruction methods. A diagno-
sis of breast cancer will have a huge impact on the patient’s daily life with
physical, social, economic, emotional and sexual concerns. Research is of par-
amount importance to understand and improve outcomes for patients with
breast cancer. As someone who has worked as a breast cancer surgeon for over
10 years and witnessed the suffering that postoperative complications can
cause, it is of utmost importance to study both the potential future impacts of
these complications and to do our best to reduce them.
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2 Breast cancer

2.1 Epidemiology

In 2020, there were 2.3 million women diagnosed with breast cancer, and
685,000 deaths occurred globally. At the end of 2020, there were 7.8 million
women alive who had been diagnosed with breast cancer in the previous five
years, making it the world’s most prevalent cancer (4). Since the late 1970s,
breast cancer incidence rates in Europe increased by 50% between 1979-1981
and 1998-2000 and then by 10% between 1998-2000 and 2011-2013. In Swe-
den, 8,486 women and 57 men were diagnosed with breast cancer in 2022 (5).
The increase in breast cancer incidence is likely due to several factors includ-
ing improved breast cancer screening, an increased life expectancy, changes
in lifestyle factors, and reproductive patterns (6). The median age at which
breast cancer is diagnosed in Sweden is about 66 and one in ten women in
Sweden will receive the diagnosis before the age of 75 (7).

Breast Cancer Incidence in Sweden 1980-2022
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https://www.cancerfonden.se/om-cancer/statistik/brostcancer
Reproduced with permission from the Swedish Cancer Society; source the National Board of Health and
Welfare. 240923.
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2.2 Aetiology

The aetiology of breast cancer is multifactorial and not completely under-
stood. Oestrogens have proliferative effects on breast epithelial tissue and are
involved in breast carcinogenesis. High levels of serum oestrogens have been
linked with an increased breast cancer risk, especially among postmenopausal
women (8). Several risk factors for breast cancer have been identified. Risk
factors with a relative risk > 4 are: female gender, increasing age, genetic
mutations, a past history of breast cancer or other high-risk breast pathology
and previous RT. Risk factors with a relative risk < 4 are: positive family
history of breast cancer without a known genetic mutation, personal history of
benign breast disease, reproductive factors (younger age at menarche, older
age at menopause, older age at first pregnancy), use of hormone replacement
therapy, lack of physical activity, obesity in postmenopausal women and in-
creased alcohol intake (6). According to the World Cancer Research Fund,
40% of postmenopausal breast cancer may be prevented by reducing alcohol
consumption, physical inactivity and obesity (8).

2.3 Diagnosis

The diagnosis of breast cancer is based on triple diagnostics, including clinical
examination of the breast and locoregional lymph nodes, mammography/ul-
trasound and histopathological examination of core biopsy, or cytological ex-
amination of fine-needle aspiration. Although Europe has led the world in im-
plementing breast screening programmes, there are significant differences be-
tween countries. Sweden was one of the early adopters of breast screening in
the mid-1980s (9). According to Swedish guidelines, women between the ages
of 40 and 74 are offered regular mammograms. An updated overview of Swe-
dish randomised trials reported a significant 21% reduction in breast cancer
mortality. The reduction was greatest in the 60-69 age group (33%) (10). A
recent systematic review across a range of study designs suggests that screen-
ing women aged 40-69 is associated with a reduction in breast cancer death.
Their recommendation is that women with an average risk of breast cancer
should undergo regular screening mammography starting at the age 45 and
should continue as long as their overall health is good and the women have a
life expectancy of 10 years or longer (11). Overdiagnosis is a potential disad-
vantage of breast cancer screening. The analysis of data by an independent
panel of experts in the UK concluded that for every 10,000 UK women aged
50 invited for screening for the next 20 years, 43 deaths from breast cancer
would be prevented and 129 cases of breast cancer, invasive or non-invasive,
would be over-diagnosed. In other words, one breast cancer death can be pre-
vented for about every three over-diagnosed cases identified and treated (12).
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2.4 Histopathological subtype and grade

Breast glandular tissue in each breast consists of 15-20 lobes and as many
main ducts. The main ducts branch and finally terminate in the terminal duct
lobular unit (TDLU) which secretes milk during lactation. Epithelial breast
malignancies arise from the TDLU (13).

Main lactiferous duct

Blue: ductal structure. White: TDLUs. Image from Breast Cancer Management for Sur-
geons, Gross Anatomy of the Breast and Axilla, Palhazi, P. Reproduced with permission
from Springer Nature.

Chest wall

Ligaments

https://www.mskcc.org/cancer-
care/types/breast/anatomy-breast

Reproduced with permission from Memorial Sloan
Kettering Cancer Center, New York, NY, USA.

Ductal carcinoma in situ (DCIS) represents an intraductal lesion without in-
vasion of the surrounding tissue through the basal membrane and, hence, it
does not metastasize. The widespread adoption of screening mammography
has contributed to an increase of new cases being diagnosed with DCIS, and
DCIS now represents some 25% of all breast cancer diagnoses. If not treated,
it is estimated that 20% - 30% of DCIS will progress to invasive cancer (14).
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The most common (70% - 80%) histological tumour type is invasive carci-
noma of no special type (NST), formerly termed invasive ductal carcinoma.
The second most frequent (10% - 12%) histological subtype is invasive lobu-
lar breast cancer, which is characterized by epithelial cadherin mutations and
a dissociated growth pattern. Other more uncommon invasive types are tubu-
lar, mucinous, medullary, metaplastic, inflammatory and papillary carcino-
mas. Together, these account for the remaining 10% of all cases (15).

The most common and widely accepted grading system is the Nottingham
Histological Grade (NHG) (the Scarff-Bloom-Richardson grade modified by
Elston and Ellis). To establish the grade, three parameters are taken into ac-
count: differentiation, anisokaryosis (cellular variability) and mitoses. Each
variable is scored from minimum 1 to maximum 3, total score 3-5 correspond-
ing to grade 1; 6-7 to grade 2, and 8-9 to grade 3 (15).

2.5 Immunohistochemistry
2.5.1 Oestrogen Receptor (ER) and Progesterone Receptor (PR)

The majority of invasive breast cancers (up to 80% - 85%) express ER recep-
tors. ER and PR expression is an independent prognostic factor in breast can-
cer. Patients with ER and/or PR positive tumours have a better survival rate
than those with hormone receptor negative tumours. Hormone receptor status
of invasive breast cancer cells is also predictive, since high expression predicts
a benefit from endocrine therapy (ET) in the adjuvant and metastatic setting.
The cut-off for positive status is 1% (recommended by the American Society
of Clinical Oncology and College of American Pathologists (ASCO/CAP))
(15). According to German guidelines, ER levels should not only be catego-
rised as positive or negative. Low ER levels < 10% need to be handled differ-
ently since they are more similar to triple-negative breast cancer (TNBC) than
to luminal (hormone-positive) tumours. Thus, omitting endocrine therapy may
be an option in these cases (16). In Sweden, ER positivity is defined as ER >
10 % (17).

2.5.2 HER2 (ERBB2)

Human epidermal growth factor receptor 2, known as HER?2, is a tyrosine ki-
nase receptor. It is coded by the ERBB2 gene and is overexpressed in approx-
imately 15% - 20% of all breast cancer. HER2 is both prognostic and predic-
tive. Overexpression of HER?2 is an adverse prognostic factor that is associ-
ated with poorly differentiated, high-grade tumours, high rates of cell prolif-
eration and lymph node involvement. About half of HER2-positive breast
cancer also expresses ER and/or PR. However, the levels are typically lower
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than in HER2-negative, hormone receptor positive breast cancer. All these
factors contribute to a greater risk of recurrence. HER2 gene amplification is
rare in cancers other than breast cancer. Eligible HER2-targeted therapy dra-
matically improves outcomes among patients with HER2-positive breast can-
cer (18).

2.5.3 Ki67

Breast cancer proliferation is a very important factor in the evaluation of dis-
ease aggressiveness and predicts prognosis and chemotherapy benefit. The nu-
clear protein Ki67 is expressed on proliferating tumour cells, reflecting the
portion of dividing cancer cells. There is no international consensus about the
scoring and cut-off values to discriminate between low, intermediate and high
proliferating tumours (15). In accordance with new guidelines from the Inter-
national K167 Working Group, since 2022, Swedish pathologists have used
these cut-offs: < 6% low, 6% - 29% intermediate and > 29% high (19).

2.6 Immunomarkers
2.6.1 Tumour-infiltrating lymphocytes (TILs)

Host microenvironment is an important factor in predicting response to im-
mune checkpoint inhibition. TILs are a mixture of pro-inflammatory immune
cells that are found in both the tumour and the surrounding stroma and are a
marker of immunogenicity. Clinical trials have confirmed TILs as a prognos-
tic biomarker, particularly in TNBC- and HER2-positive subtypes, where a
relationship between increased TILs and improved recurrence-free survival
has been shown. TILs also have a predictive value since high TILs have been
associated with higher rates of pathological complete response (pCR) to neo-
adjuvant treatment across all breast cancer subtypes (20).

2.6.2 Programmed cell death-1 receptor, ligand 1 (PD-L1)

PD-1 is an immune checkpoint inhibitor which is expressed on immune cells.
It is especially activated by PD-L1. Concerning cancer, the expression of PD-
L1 seems to be an immune escape mechanism. Studies have reported efficacy
of blocking PD-1/PD-L1 with immune checkpoint inhibitors (21).
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2.7 Molecular subtypes

Thanks to advancements in histopathological diagnostics and gene expression
made during the past 20 years, breast cancer today is viewed as a heterogenous
disease. The intrinsic classification of Perou and Sorlie divides breast cancer
into at least four distinct groups of molecular patterns which are based on a
50-gene expression signature (PAMS0) (15, 22). The four original groups can
be directly determined with a multigene assay or can be reconstructed with
immunohistochemistry (IHC) determined hormone receptors, HER2 status
and Ki67 into five surrogate intrinsic subtypes (22, 23):

o  Luminal A-like: ER and/or PR strongly positive, HER2 negative, low
proliferation and typically low grade. This is the most common sub-
type (60% - 70%) and the one with the best prognosis.

o Luminal B-like, HER2 negative: ER and/or PR weak positive, HER2
negative, higher grade and high proliferation. Approximately 10% -
20% of all breast cancer.

e Luminal B-like, HER? positive: As above, but HER2 positive.

e HER? positive, non-luminal: HER2 positive, ER and PR negative,
high proliferation and grade. HER2 positive breast cancer accounts
for 13% - 15% of all breast cancers.

e Triple-negative: HER2, ER and PR negative, high proliferation and
grade. Ten to fifteen percent of breast cancers and the one with the
worst outcomes.

These molecular subtypes are now used in clinical routine and could, in ac-
cordance with the St. Gallen consensus, guide systemic therapy decision-mak-
ing for breast cancer.

2.8 Multigene assay (MGAS)

Although surrogate intrinsic subtypes guide clinicians in decision-making re-
garding systemic treatment, there are often cases where it is challenging to
determine whether the subtype is Luminal A-like or Luminal B-like. Various
MGAs have become available to clinicians treating early-stage breast cancer
since the beginning of the 2000s. The most common ones are: Oncotype DX,
MammaPrint, Prosigna (PAM 50), EndoPredict and the Breast Cancer Index.
The benefit of using MGAs is to offer chemotherapy only to patients who are
likely to profit from it, while sparing other patients an unnecessary treatment.
Oncotype DX is the first MGA validated to predict the benefit of adjuvant
chemotherapy in hormone-positive early stage breast cancer (24). The
RxPonder study showed that postmenopausal women with ER-positive,
HER2-negative breast cancer and 1-3 lymph node metastases who have a 21-
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gene recurrence score of 25 or lower can safely exclude chemotherapy and
only be prescribed adjuvant ET (no difference in 5-year invasive disease-free
survival (IDFS) or death) (25). According to the Swedish national guidelines
(26), the routine in Sweden is to use MGA (Prosigna) in postmenopausal
women with lymph node-negative (should be considered even if 1-3 lymph
node metastases), ER-positive, HER2-negative breast cancer if there is any
uncertainty of the tumour subtype. Gene expression analysis with Oncotype
Dx can be considered for premenopausal women with lymph node-negative,
ER-positive, HER2-negative breast cancer where there is uncertainty regard-
ing the tumour’s risk categorization before choosing chemotherapy treatment.

2.9 Staging

The TNM staging system for cancer was developed in France by Pierre De-
noiw in the mid-1900s (27). This system is used to stage patients by T (tumour
size and invasiveness), N (number of lymph node metastases) and M (distant
metastases). Patients are further grouped into Stage 0 (in situ) to Stage IV
(distant metastases) (28). The American Joint Committee on Cancer (AJCC)
has standardised the TNM system for cancer staging. The most recent, eighth,
edition was globally adopted in 2018. The major change is the incorporation
of prognostic biomarkers such as tumour grade, hormone receptor and multi-
gene panel recurrence scores to allow a prognostic stage which will better cor-
respond with the patient prognosis (stage migration). For example, a patient
with a T2N1MO Grade 2-3 TNBC would be categorized as stage I1IB and not,
as previously, Stage IIB (27).

2.10 Treatment — a brief overview
2.10.1 Surgical treatment of the breast

Surgery of the primary tumour remains an important part of curative breast
cancer treatment. In the 1980s, two randomized trials were published, showing
that OS after BCS followed by adequate RT was similar to that following
mastectomy (29, 30). Over the past few decades, BCS has become the primary
surgical goal and has replaced mastectomy as standard treatment (22). Abso-
lute contraindications to BCS are the inability to obtain negative margins with-
out causing breast deformity, inflammatory breast cancer, and contraindica-
tions to RT (2, 31). Nowadays, multicentric cancer can be safely managed
with BCS if two or more lumpectomies can be done with satisfactory cosmetic
outcome (31).
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Previously, local recurrences (LRs) were higher after BCS than after mastec-
tomy (29, 32). Nowadays, LRs after BCS are much lower than before, at ap-
proximately 0.5% per year (33). The reason for this decreased risk of LR is
multifactorial. Improved patient selection, better quality surgery, better histo-
pathological evaluation of resection margins, more extensive use of systemic
adjuvant treatment and use of RT boost, have all contributed, especially in
younger patients (2, 34). The most important independent risk factors for LR
after BCS include positive margins and young age (32, 35) A meta-analysis
showed that positive resection margins increase the risk of LR with an odds ratio
(OR) of 2.44 in patients with invasive breast cancer (35). For breast surgery,
“no tumour on ink™ is now the accepted standard for clear margins (36). A re-
cently published systematic review and meta-analysis shows that even tumours
with closed margins (< 2 mm) are associated with increased distant recurrence
compared with wider margins (37). The authors recommend a minimum tu-
mour-free distance of 1 mm and a reappraisal of existing international guide-
lines. Concerning DCIS, the margins should be at least 2 mm, but wider margins
do not decrease the risk of LR (38). If DCIS is associated with invasive breast
cancer, it should be managed according to the invasive guidelines. In those
cases, the primary determinant of outcome is the biology of the invasive cancer
and the majority of patients will receive adjuvant systemic therapy (39).

Quality of life, patient satisfaction of aesthetic outcome and psychosocial as-
pects (anxiety, depression, body image, sexuality and self-esteem) are greater
after BCS than after mastectomy with or without reconstruction. Greatest mor-
bidity is seen after mastectomy alone (40-43). Mastectomy patients, with or
without immediate breast reconstruction (IBR), are more likely to have un-
planned reoperations for a complication compared to patients having BCS
(44). Additionally, data from multiple observational studies suggest that BCS
followed by RT is associated with better survival than after mastectomy with
or without RT (3, 45-49). Possible explanations for this could be RT, selection
bias, confounding by severity, unmeasured confounders or higher complica-
tion rates after mastectomy, which could have a negative impact on oncolog-
ical outcome (3, 47, 50). A causal relationship explaining the superior out-
come for BCS cannot be based on observational studies only, but the results
show that BCS is at least equivalent to mastectomy. For these reasons BCS
should always be performed in the absence of contraindications and if the pa-
tient does not have other preferences.

2.10.1.1 Oncoplastic surgery

Oncoplastic surgery was introduced in the early 1990s. The aim was to im-
prove long-term cosmetic outcomes after BCS and RT. There are now many
techniques available, which are frequently used when more than 20% of the
breast needs to be excised or if the location of the tumour is adverse (me-
dial/inferior). The techniques are divided into two groups: volume
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displacement and volume replacement. Many studies (no randomized trials)
have reported very good outcomes, similar to standard oncology outcomes,
after oncoplastic surgery (51).

2.10.1.2 Reconstruction

Breast reconstruction has become widely available and should be offered to
the majority of women undergoing mastectomy. Reconstruction can be imme-
diate, simultaneously performed at the time of mastectomy (for breast cancer
or as a risk reducing procedure), or delayed, at a later stage. Implant-based
reconstruction is less invasive as it does not include donor sites. It is usually a
shorter procedure, has a shorter hospital stay and a faster recovery, but the
patient may often need repeat surgeries (52). In cases of adjuvant RT, there is
a high risk of capsular contracture, worse aesthetic outcome and higher recon-
struction failure. Therefore, when RT is planned or even more importantly if
the patient had previous RT, then an autologous (patient’s own tissue) flap-
based reconstruction is often the preferred option (53). Autologous recon-
struction provides natural and long-lasting results but involves more extensive
surgery, needs enough donor tissue and may result in additional donor site
scars. In a newly published study, which examined the long-term results of
different breast reconstruction methods in Sweden, women with autologous
reconstructions were more satisfied with the results and breast appearance
compared to those with implants (54). Breast reconstruction is oncologically
safe, improves cosmesis and quality of life, and has few absolute contraindi-
cations (for example, inflammatory breast cancer and severe comorbidities
where prolonged surgical time would increase risks) (53).

2.10.2 Surgical treatment of the axilla

Lymph node status is one of the most important prognostic factors for patients
with breast cancer and is important in decision-making about adjuvant and
neoadjuvant treatment (NAT). Traditionally, the method of choice was axil-
lary lymph node dissection (ALND), which has a high frequency of arm mor-
bidity with shoulder pain, impaired movements, numbness and lymphoedema
(20% - 40%) (55). Early in the 2000s, sentinel lymph node biopsy (SLNB)
became established as the gold standard for axillar staging in breast cancer
patients with a clinically and radiologically negative axilla (56). Arm morbid-
ity and lymphoedema are significantly lower after SLNB than after ALND
(55). However, several studies have shown that in patients with low-risk
c¢T1INO breast cancer, even SLNB can be avoided without harming patients
(57-60). For example, the randomized controlled trial (RCT) SOUND showed
an isolated 5-year axillary recurrence rate of 0.4% and no detrimental effect
of distant disease-free survival (DDFS) in the group without any surgery in
the axilla. Additionally, adjuvant treatment did not differ between patients
who had an SLNB and patients who did not. Axillary surgery is just a staging
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procedure and it is likely that fewer and fewer will be performed in the future,
since guiding of adjuvant treatment will primarily rely on the use of biological
parameters such as subtype rather than clinicopathological variables such as
T- and N-stage.

The standard care for patients with metastases has been ALND, but this is no
longer the initial approach for most patients with limited axillary disease. Four
prospective randomised trials have reported no significant differences in lo-
coregional recurrence (LRR) or survival in patients who are clinically node-
negative with metastases in one or two sentinel lymph nodes and treated with
SLNB alone (61, 62) or with SLNB plus RT (63, 64).

These days, SLNB is performed after NAT. In patients with clinically node-
negative axilla before NAT, SLN identification rates (94% - 96%), false-neg-
ative rates (FNR, 6% - 7%) and nodal recurrence rates (<1.5%) are equal to
those for patients who undergo primary surgery. High rates (>40%) of nodal
pCR in patients with axillary metastases receiving NAT have questioned
whether these patients need ALND after NAT (31). Four prospective multi-
centre trials and a metanalysis have shown that it is accurate to perform SLNB
in patients with 1-3 axillary lymph node metastases before NAT who become
clinically node negative, if at least three SLN are excised and the method in-
cludes dual mapping (FNR <10%) (65-69). Targeted axillary dissection (TAD
= SLNB + removal of the marked lymph node metastasis) is an approach to
further decrease FNR (70). Metastases in the SLN after NAT and an initial
locally advanced tumour (T4) or = 4 lymph node metastases (N2/3) are still
often considered to be indications for ALND after NAT (31). Regarding iso-
lated tumour cells (ITC) in the axilla after NAT, the risk of residual metastasis
is significantly lower. In a retrospective multicentre study with a median fol-
low-up of 3.2 years, presented in San Antonio, USA, in 2023, and recently
published, the risk of axillary recurrence was not significantly higher, regard-
less of whether additional ALND was performed (71, 72). Regarding micro
metastasis in SNB after NAT, the Swedish national treatment guidelines still
recommend ALND. However, several studies (73-75) support the hypothesis
that the prognosis is similar between patients with pathologically node-nega-
tive (ypNO) status after NAT and those with ypNitc/micro after NAT, leading
many to consider regional RT instead of ALND as an adequate treatment for
ypN1micro. The MARI study (76) indicates that ALND or regional RT may
be overtreatment for patients with clinically node-positive (cN1) breast cancer
who achieve ypNO status after NAT. The study reports a 5-year axillary recur-
rence rate of 0.7% and an OS rate of 98% in patients who received no further
axillary treatment after achieving a pCR. Moreover, as presented at the 14"
European Breast Cancer Conference in Milan in March 2024, data from the
MARI study show (77) that patients with more than three clinical lymph node
metastases who become ypNO and do not undergo ALND but receive regional
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RT have a 5-year axillary recurrence rate of 2.9% and an OS rate of 95%,
compared to 3.5% and 90%, respectively, for patients without pCR who un-
derwent both ALND and regional RT. Consequently, even these patients
might avoid ALND in the future. However, more evidence is needed.

2.10.3 Chemotherapy

Chemotherapy reduces the risk of recurrence by about 30%. The absolute ben-
efit from neoadjuvant or adjuvant chemotherapy depends on the risk of recur-
rence. The optimal regimen for breast cancer patients consists of a taxane-
based regimen, often with anthracyclines in sequence, at least in high-risk pa-
tients. Standard CMF (Cyclophosphamide, Methotrexate and Fluorouracil) re-
duces breast cancer mortality by 20% - 25%. A further proportional reduction
of 15% - 20% could be achieved by the taxane-plus-anthracycline-based reg-
imen (78, 79). Simply put, chemotherapy is the standard of care for women
with TNBC and HER2+ breast cancer >5 mm, luminal B breast cancer >5-10
mm and for the majority of patients with lymph node metastases (usually not
if postmenopausal luminal A or luminal with low/intermediate genomic risk)

31).

Neoadjuvant chemotherapy (NAC) refers to systemic treatment before sur-
gery. In the past, NAC was reserved for patients with inoperable, locally ad-
vanced breast cancer. NAC is now used to allow BCS (downstaging) and pos-
sibly omit ALND and, in that way, reduce the extent and morbidity of curative
surgery (80). Thus, NAC allows improved cosmetic outcomes and reduces
postoperative complications such as lymphoedema. The first trial to compare
adjuvant chemotherapy and NAC was NSABP B-18 in 1997. Tumour size was
reduced in 80% of the patients and there was also a decrease in positive nodes,
but there was no significant difference in DFS or OS. However, outcome was
better in patients who achieved pCR than in those who did not (81). The ob-
servation that patients achieving pCR have a better prognosis has led to studies
investigating the use of additional adjuvant therapy in patients without pCR.
We now know that capecitabine adjuvant improves DFS and OS in patients
with TNBC who do not achieve pCR (82). In the same way, trastuzumab em-
tansine reduces the risk of invasive breast cancer recurrence or death by 50%
in patients with HER2-positive breast cancer (83). These studies show that
appropriate candidates for NAC are -- in addition to the above mentioned --
those in whom residual disease may prompt a change in therapy. NAC has
been accepted as a standard of care in patients with TNBC and HER2-positive
breast cancer >1-2 cm and/or clinically node-positive. In patients with luminal
B-like tumours, NAC can be used when a treatment decision can be made
without surgical information. Another advantage with NAC is that it allows
time for the genetic testing required for surgical treatment decision-making
(80).
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2.10.4 Endocrine therapy (ET)

Adjuvant ET for 5-10 years is the standard treatment for women with ER-
positive breast cancer (84).

2.10.4.1 Tamoxifen

The selective oestrogen receptor modulator tamoxifen is used in premenopau-
sal women to reduce the effect of oestrogen on hormone-sensitive breast can-
cer cells. Five years of adjuvant tamoxifen reduces the 15-year risk of breast
cancer recurrence by 50% and death by 30% (85). Prolonged administration
of tamoxifen over 10 years was investigated in the ATLAS and aTTom trials
and resulted in a further survival benefit (absolute difference 2.8% (ATLAS)),
independent of menopausal status (86, 87).

2.10.4.2 Aromatase inhibitor (AI)

Al decreases the amount of oestrogen circulating by inhibiting the conversion
of androgen to oestrogen. In postmenopausal women, this aromatization is the
primary source of oestrogen and therefore Al is used for treatment of post-
menopausal women (84). Trials indicate that Al is more effective than tamox-
ifen. A meta-analysis (almost 32,000 postmenopausal women) shows that 5
years of Al reduces relative recurrence rates by about 30% and mortality rates
by about 15% compared with tamoxifen (88). The BIG 1-98 and ATAC stud-
ies compare tamoxifen versus Al versus a combination for 5 years. In addition,
to show that Al is better than tamoxifen, they indicate that sequential therapy
is better than tamoxifen alone and Al seems to be better than sequential ther-
apy (at least in ATAC) (89, 90).

2.10.4.3 Ovarian function suppression (OFS)

In premenopausal women, the production of oestrogen occurs mainly in the
ovaries. Therefore, the first adjuvant treatment used was bilateral oophorec-
tomy. Since the 1980s, luteinizing hormone-releasing hormone analogues
have been used as OFS. This is a reversible therapeutic option with results
similar to bilateral surgical oophorectomy (84). The SOFT and TEXT trials
studied the role of Als and tamoxifen in combination with OFS, versus tamox-
ifen alone. Women who remain premenopausal after adjuvant chemotherapy
and receive tamoxifen/Al plus OFS have an absolute increase in 5-year breast
cancer-free survival of 4.5%/7.7% versus tamoxifen alone (91). OS between
the groups showed no significant difference (92). An EBCTCG (Early Breast
Cancer Trialists” Collaborative Group) meta-analysis shows a reduction in re-
currence rates favouring Al over tamoxifen (absolute reduction of about 3%
in 5- and 10-year recurrence risk) in premenopausal women receiving OFS.
There was no difference in breast cancer or all-cause mortality, but this might
be explained by the limited duration of follow-up (median 8.0 years) (93). The
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St. Gallen consensus conference of 2015 recommends that higher-risk patients
should receive OFS in addition to adjuvant endocrine therapy (84).

2.10.5 CDK4/6 inhibitors

The cell cycle is driven by cycline-dependent kinases (CDKs), such as CDK4
and CDKG®, and is associated with tumour initiation and progression. CDK4/6
is considered to play a major role in tumour cell proliferation driven by oes-
trogen in breast cancer. In recent years, it has been established that targeting
the cell cycle is a rational option that could be combined with endocrine ther-
apy for breast cancer (94). Abemaziclib combined with ET is the first CDK4/6
inhibitor to demonstrate a significant improvement in IDFS in patients with
ER-positive, HER2-negative, node-positive, high-risk breast cancer (95).

2.10.6 Anti-HER? therapy

Trastuzumab is an antibody and was developed as a means of blocking the
tyrosine kinase-linked HER2 receptor. Different randomised trials have inves-
tigated the benefit of at least 1 year of trastuzumab combined with standard
adjuvant chemotherapy. This combination is associated with a statistically sig-
nificant improvement in both OS (37%) and DFS (40%), but has a risk of
severe cardiac toxicity. The improvements were observed in all subgroups,
suggesting a benefit irrespective of tumour size, hormone receptor status,
nodal status or patient age (96, 97). Two years of adjuvant trastuzumab has no
additional benefit (98). Two studies analysed 6 versus 12 months’ treatment
with trastuzumab. The PHARE study concluded that the standard duration
should remain 12 months (99), while the PERSEPHONE trial showed non-
inferiority for 6-month adjuvant trastuzumab (100). This result signals the po-
tential of reducing treatment duration and thereby toxicity and cost. Standard
treatment is nevertheless one year. The APT trial shows that de-escalating
treatment with just taxane (chemotherapy) and trastuzumab is possible for pa-
tients with small node-negative, HER2-positive breast cancer. The 7-year
BCSS was 98.6% and indicates a risk for overtreatment if more aggressive
treatment such as NAT is given to these patients (101).

Dual HER2 inhibition with trastuzumab and pertuzumab in the adjuvant set-
ting improves IDFS for patients with node-positive, HER2-positive breast
cancer (102). In the neoadjuvant setting, targeting HER2 with dual blockade
improves the pCR rate, which translates into long-term survival benefits. To-
day, this is the gold standard (103, 104).
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2.10.7 Immune checkpoint inhibitor

Pembrolizumab, an anti-programmed death 1 (PD-1) monoclonal antibody
has been used in patients with metastatic TNBC and has shown anti-tumour
activity and a range of mainly low-grade toxic effects. High-risk TNBC is
frequently associated with early recurrence and high mortality, and NAC is
the standard treatment. KEYNOTE-522 shows that, among patients with
TNBC, the addition of pembrolizumab to NAC leads to a significantly higher
percentage with pCR (105). A recently published follow-up shows that pem-
brolizumab neoadjuvant, followed by pembrolizumab adjuvant, results in sig-
nificantly longer event-free survival (37%) than NAC alone (106). The 2024
European Society for Medical Oncology (ESMO) congress reported that even
OS is significantly prolonged (107).

2.10.8 Radiation therapy (RT)

Whole-breast irradiation (WBI) of the breast after BCS halves the rate of LR
and reduces the breast cancer death rate by about a sixth (108). The tumour
bed is the area at highest risk for tumour cell contamination and a radiation
boost (additional dose of radiation to the tumour bed after WBI) improves
local control, with the largest absolute benefit in young patients. This boost
has no effect on long-term OS and increases the risk for moderate to severe
fibrosis (34). A shorter course of irradiation (3 weeks instead of 5-6) with
higher dose per fraction (hypofraction) has advantages as it reduces treatment
time, increases patient compliance, reduces waiting lists and costs. Hypofrac-
tion has rates of LRR and late adverse effects at least as favourable as standard
treatment (109, 110). Based on these data and convenience, hypofraction is
now considered the gold standard for adjuvant breast cancer radiotherapy. The
FAST-Forward study even showed that hypofraction (26 Gy in five fractions
over 1 week) is not inferior to the standard (40Gy over 3 weeks) for local
tumour control (111). The 10-year follow-up of the IMPORT LOW trial
demonstrates that it is safe to administer partial breast RT after BCS to patients
= 50 years old with NST tumours < 3 cm who have undergone radical surgery
(112).

Radiation therapy to the chest wall after mastectomy is recommended when
there are tumours > 5 cm, positive surgical margins when further surgery is
not possible or in case of pectoral muscle invasion. In cases of node-positive
breast cancer (at least > four), inflammatory breast cancer or chest wall/skin
infiltration, RT includes the chest wall and regional lymph nodes (113). RT
after mastectomy in high-risk patients who are node-negative significantly re-
duces the risk of LRR (114, 115). After mastectomy and ALND in node-pos-
itive breast cancer patients, locoregional RT reduces both LRR and breast can-
cer mortality (equal reduction in patients with <3 positive nodes as in patients
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with >4 positive nodes) (116). The results of the randomised SUPERMO (Se-
lective Use of Postoperative Radiotherapy After Mastectomy) is currently as-
sessing the role of irradiation in women with intermediate-risk breast cancer
following mastectomy (117). Locoregional RT in addition to WBI after BCS
in node-positive patients reduces the rate of breast cancer recurrence but does
not improve OS (118, 119).

Two ongoing studies are examining the extent of radiation based on the re-
sponse to NAC. In NSABP B51/RTOG, biopsy-proven, node-positive patients
who convert to node negativity after NAC are randomised to regional nodal
irradiation (in addition to WBI) or postmastectomy radiotherapy including
lymph nodes or no regional RT (120). The trial was presented at the 2023 San
Antonio Breast Cancer Symposium: the rates of invasive breast cancer-free
recurrence and OS were comparable between the 1,556 patients who received
regional nodal RT and those who did not (121). The Alliance 011202 trial is
examining the optimal approach to patients who remain node positive after
NAC. Patients with a positive SLN are randomised to completion ALND plus
nodal RT or nodal RT only. Patients in both arms receive WBI/chest wall RT
and RT to all undissected lymph nodes in the axilla, supraclavicular fossa and
internal mammary spaces (122). TAXIS is a similar study investigating the
possibility of avoiding ALND if ypN+ status remains after NAT (123).

2.11 Breast cancer recurrence

Breast cancer recurrence may occur in the ipsilateral breast, chest wall, re-
gional lymph nodes (ipsilateral axillary, internal mammary or infra/supracla-
vicular nodes), as well as distant sites and organs. Treatment options for LRR
include surgical resection, RT and systemic treatment based on histological
examination and staging. Distant metastases are usually treated with palliative
intent with systemic treatment, RT, resection of metastases and sometimes
even palliative surgery to the breast. In a population-based German study with
patients diagnosed between 1999 and 2009, the 10-year cumulative incidence
of recurrence was 16%, ranging from 9% in patients with tumour <2cm with-
out positive nodes to 34% in patients with tumours >5 cm with positive nodes.
For LLR and distant metastases alone, the results were 8% and 11% respec-
tively (124).

2.11.1 Loco-regional recurrence (LRR)

About 75% of LRR occurs during the first 5 years (115). LR after BCS or
mastectomy are diverse oncological events, differing in terms of clinical
presentation, surgical treatment and prognosis. LR after BCS often represents
growth of undetectable microscopic multifocal or multicentric tumour foci,
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and is not often associated with distant disease. [t may or may not be associ-
ated with a poor prognosis. In contrast, LR following mastectomy (subcuta-
neous nodules on the chest wall and dermal lymphatic) is usually a local man-
ifestation of disseminated disease. Risk factors for LRR include young age at
diagnosis, advanced tumour size, positive nodes, high grade, vascular inva-
sion, ER negativity, HER2 positivity, TNBC, extensive intraductal compo-
nent, positive resection margin and omitting an indicated adjuvant RT. Recur-
rence in ER-negative patients decreases over time, while among patients with
ER-positive tumours the risk is lower, but persists at about the same annual
rate for up to 20 years after diagnosis (124-126). LRR rates following BCS
are currently much lower than in the past, at approximately 0.5% per year (33).
The risk for LRR after BCS for DCIS is somewhat higher: the 10-year rate
has been reported as between 6% and 13% when RT is given as adjuvant
treatment (2).

All patients with LRR must undergo staging to diagnose possible metastatic
disease before surgery. Mastectomy is the gold standard after BCS plus RT.
A surgical approach is probably the best choice for local control even for LRR
after mastectomy, but cannot always be performed. The excision must be as
wide as possible, ideally at least two or three cm from the nodule. Sometimes
the use of a flap-based technique or skin grafting to close the defect will be
required (127). Axillary staging in LRR breast cancer is important for locore-
gional control and to predict prognosis (5-year DFS after ipsilateral breast re-
currence varies from 67% if node-negative and 51% if node-positive) (127).
Sentinel node identification is higher in patients who have undergone previous
SLNB (81%) compared to previous ALND (52%). Lymphatic mapping is im-
portant since aberrant lymphatic drainage pathways are common after previ-
ous surgery (17% following SLNB and 69% following ALND). Predominant
locations are in the contralateral axilla and internal mammary chain. More
than a quarter of positive nodes can be found in aberrant pathways (128).

Systemic treatment is used to decrease the risk of relapse and death in patients
with completely excised LRR. The CALOR trial is the first randomised trial
to confirm that chemotherapy prolongs DFS in patients with ER-negative
LRR. But adding chemotherapy to ET in patients with ER-positive LRR did
not provide any benefit (129). Tamoxifen significantly improves DFS in
breast cancer patients after local treatment for LRR (130).

Patients who develop LLR have worse DDFS and OS regardless of lymph

node status (131, 132). Approximately one in four patients who experience a
recurrence will eventually die from breast cancer (108).
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2.11.2 Systemic recurrence

Metastatic breast cancer affects between 19% (in the USA) and 50% (in parts
of Africa) of breast cancer patients, depending on the cure rate in their country.
Lungs, bones, liver, brain and distant lymph nodes are the most common met-
astatic locations. Lobular breast cancer has different patterns of dissemination
with frequent spread to the peritoneum, viscera, internal genital organs and
leptomeninges (133). Tumour size, nodal status, high histological grade and
vascular invasion are risk factors for distant metastases following BCS or mas-
tectomy. Additional risk factors after BCS are age < 35 years and microscopic
involvement of the excision margin (125).

Breast cancer with distant metastases is incurable. Enhanced treatment over
the past few decades has improved survival duration, with median survival
rates of between 2 (TNBC) and more than 5 years (luminal HER2 positive).
Metastatic breast cancer patients should be treated by a multidisciplinary team
of appropriate specialists (oncology, surgery, pathology, radiation, palliative
care, psychosocial and physiotherapy). The aim of treatment is palliation, in-
cluding prolongation of life and improvement or preservation of its quality,
and therefore the least aggressive treatment should be used (133). In a ran-
domised trial, there was no survival gain with breast surgery of the primary
tumour, although there appears to be a benefit in terms of local control (134).
Guidelines from the European Society for Medical Oncology (ESMO) state
that “surgery of the primary should not be offered as a routine practice but can
be discussed on a case-by-case basis and offered to selected patients” (135).

Less than 2% of breast cancer patients with Stages I and II have asymptomatic
metastatic disease, and therefore routine-intensive laboratory and imaging
staging is not indicated. Staging with computed tomography (CT) should be
considered in cases of an abnormal routine laboratory test, tumours > 5 cm,
clinically palpable regional lymph nodes, clinical signs of metastatic disease
and all Stages III and IV. PDG-PET/CT detects about 25% more metastases
compared to conventional imaging and can be considered in unconfirmed
cases (28). However, imaging is often inconclusive, and a biopsy confirming
the metastasis is obligatory before establishing the final diagnosis. A biopsy
is also paramount in order to confirm the biomarker status of the metastatic
tumour, as tumour phenotype can change relatively often (133). A substantial
proportion of patients with LRR will be diagnosed with distant metastases,
and, because of that, LRR is an indication for staging (28). Pooled data from
two randomised clinical trials for Stages I and II breast cancer show that 24%
of patients with LRR after BCS, and 33% of patients after mastectomy, were
diagnosed with concomitantly distant disease (28, 125).
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2.12 Prognosis and survival

The earlier breast cancer is recognised, the better the prognosis. Due to im-
provements in early detection and treatment, the prognosis for breast cancer
is generally good. For women with breast cancer in England, 85% will survive
their cancer for 5 years or more and 75% for 10 years or more. The 5-year
relative survival by stage for women in England diagnosed between 2013 and
2017 are: Stage I (tumour < 2 c¢m, node negative or micrometastasis) 98%,
Stage II (tumour < 5 cm with 0-3 positive nodes or > 5 cm and node negative)
90%, Stage I1I (= 4 positive nodes and/or tumour with direct extension to the
chest wall and/or to the skin or inflammatory breast cancer) 70% and Stage
IV (distant metastasis) 25% (28, 136). In 2021, the relative 5- and 10-year
survival in Sweden was 92.8% and 87.8% respectively. Men have a slightly
worse prognosis, probably due to diagnosis at a later stage (91.1% and 78.3%
respectively) (137).
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3 Infections

3.1 General

Infections are ubiquitous, impacting individuals globally to varying degrees.
Lower respiratory infections represent the deadliest contagious disease world-
wide, ranking as the 4th leading cause of death according to the World Health
Organization (WHO) (138). In 2015, two conditions, upper respiratory infec-
tions and diarrheal diseases, each affected over a billion people, with a stag-
gering 17.2 billion and 2.4 billion cases respectively (139). Healthcare-asso-
ciated infections (HAI) constitute a substantial proportion of healthcare-re-
lated harm and are linked to significant expenses (140). In developing nations,
SSIs are the most prevalent HAI in hospitals, with a pooled cumulative inci-
dence of 5.6 per 100 surgical procedures (141).

3.2 SSI

SSI is one of the most commonly reported types of HAI, about 20% of all
HAIs in Europe in 2011-2012 (142). The incidence of postoperative SSI fol-
lowing breast cancer surgery ranges from 0% - 26% (143, 144). A compre-
hensive review by O’Conner et al. (145) based on 99 studies and nearly
500,000 patients, reported a mean SSI incidence of 13.1%. The predominant
causative bacteria identified were S. aureus, E. coli and P. aeruginosa. Factors
known to elevate SSI risk are high age, obesity, diabetes, smoking (current or
recent) and recent chemotherapy. Additional risk factors include hyperten-
sion, an ASA score of 3 or 4, a history of previous breast surgery or chest
irradiation, insertion of a breast implant or tissue expander, inadequate
prophylactic antibiotic dosing, increased intraoperative bleeding, haematoma,
seroma, postoperative drain, the placement of a second drainage tube, and pro-
longed or bilateral procedures (146-151). Mitigating the risk for SSI after
breast cancer surgery is crucial for several reasons. An SSI can delay the ini-
tiation of adjuvant treatment, cause morbidity, increase health care costs and
result in reconstruction failure. A study from the USA estimated an additional
cost over $4,000 per patient with an SST (152). In 2012, the total annual cost
for the five major healthcare-associated infections in the USA was $9.8 bil-
lion, with SSIs accounting for the most with 33.7% of the total cost (140).
Prolonged hospitalization and increased morbidity due to an SSI also
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adversely affect the patient’s health-related quality of life (142). Moreover,
some evidence suggests that an SSI may elevate the risk for breast cancer re-
currence (145, 153-156), although these data are not yet conclusive. For in-
stance, Murphy et al. have identified an increased risk for systemic recurrence
in patients with wound complications compared to those without (155) and
Beecher et al. have demonstrated a six-fold higher risk for breast cancer re-
currence in patients with an SSI following immediate breast reconstruction
(154). De Boniface et al. showed an association between major postoperative
complications and worse OS and BCSS (157), and there are other studies
showing worse outcomes after postoperative complications (145, 153, 156).
Conversely, other studies indicate a lack of conclusive evidence on this topic
(158-162). A systematic review and meta-analysis reveals that postoperative
complications are associated with recurrence and survival outcomes in ap-
proximately half of the included studies, concluding that the relationship be-
tween postoperative complications and prognosis is complex (50).

One RCT showed that patients without risk factors undergoing standard breast
cancer surgery do not require routine antibiotic prophylaxis (163). Patients
suffering from an SSI have a risk of prolonged time to adjuvant oncological
treatment. Evidence indicates that delays in cancer treatment can negatively
impact oncological outcomes, with longer delays further exacerbating these
adverse effects (164-166) It is important to understand risk factors for SSI
after breast cancer surgery in order to develop infection-prevention strategies
and improve surgical and maybe even oncological outcomes.
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4 Theoretical link between SSI and recurrence

There is a theoretical link between SSI and breast cancer recurrence. In 1863,
Rudolf Virchow identified the presence of white blood cells in malignant tis-
sue, leading him to propose a connection between inflammation and cancer.
Since the 1990s, an increased understanding of the inflammatory microenvi-
ronment and cancer tissue has enhanced this hypothesis (167). Experimental
studies suggest that many factors involved in wound healing can stimulate
tumour growths. TNFa, VEGF, and pro-inflammatory cytokines such as in-
terleukin 1 and 6 are examples of factors that have been studied (167-171).
One theory is that the release of local and systemic inflammatory mediators
(cytokines, chemokines and growth factors) interacts with remaining tumour
cells. This could stimulate tumour growth and increase the recurrence risk
(154, 171). Growth factors released into the blood stream can stimulate the
proliferation of distant metastases (171, 172). Infection results in a greater in-
flammatory response, and animal studies have shown that an SSI increases
angiogenesis and the incidence of recurrence after cancer surgery (173).

Trauma caused by surgery and other stress factors may activate dormant micro
metastases and cause local or distant recurrence (170). Cell-mediated immun-
ity is important in controlling circulating tumour cells (174). However, sur-
gery can cause immunosuppression. There are several theories about what
causes this, such as the anaesthesia itself, anaesthesia drugs, hypothermia, tis-
sue damage, blood loss, transfusion, pain, perioperative anxiety and stress.
The mechanism behind this probably involves local factors and pro-inflam-
matory cytokines such as IL 6 and 8 and CNS-mediated neuroendocrine feed-
back. The suppression of cell-mediated immunity postoperatively may in-
crease the recurrence risk. It is suggested that this, in combination with angi-
ogenesis, tissue damage and the release of growth factors, increases the risk
of distant metastases. The extent and duration of immunosuppression is cor-
related with the degree of tissue damage (171). Laparoscopic surgery reduces
cell-mediated immunity to a lesser degree than open surgery. Animal studies
have shown that minimally invasive surgery reduces the development of me-
tastases, probably due to decreased immunosuppression (less tissue damage,
bleeding, a lower neuroendocrine response and less pain) (175).
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Breast cancer recurrence can manifest after extended latency periods, ranging
from years to decades (108). One hypothesis to explain this phenomenon is
cancer dormancy, a stage in cancer progression where residual disease re-
mains asymptomatic (176-178). The perioperative period is crucial in deter-
mining oncological outcomes (179). Adjuvant therapy, aimed at eradicating
residual microscopic disease, is typically initiated no earlier than one month
post-surgery due to concerns regarding wound healing. Studies have sug-
gested that perioperative administration of cyclooxygenase-2 (COX-2) and 3-
adrenergic blockade may benefit breast cancer patients by reducing systemic
inflammation and inhibiting multiple pathways related to metastasis (171,
180, 181). Additionally, some researchers propose that immunomodulatory
interventions during the perioperative period could potentially improve sur-
vival (171, 182).

Thus, a postoperative SSI with its inflammatory response could theoretically
stimulate subclinical micro metastases and promote recurrence. This hypoth-
esis is supported by evidence from other malignancies, such as the increased
risk of recurrence following infection after colon cancer surgery (183). Like-
wise, infectious complications after surgeries for head/neck and gastric can-
cers, are correlated with poorer outcomes (184, 185).
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5 Aims

The overall aim of this thesis was to evaluate whether there is an association
between postoperative complications and oncologic outcomes in breast cancer
patients.

More specifically, the aims were:

L To investigate whether the risk of systemic recurrence, LRR,
overall death and breast cancer-specific death was increased after
SSI (Papers I and III).

II. To investigate whether the risk of systemic recurrence, LRR, over-

all death and breast cancer-specific death was increased after other
local surgical or major local surgical complications (Paper III).

I11. To investigate whether the risk of systemic recurrence, LRR,
overall death and breast cancer-specific death was increased after
major systemic infections or other major event (mainly Paper IV
and partly Paper I)

IV. To assess risk factors for SSI and to examine whether there are
other risk factors for other postoperative complications, such as
wound dehiscence, skin necrosis, haematoma and flap failure
(Papers II and III).
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6 Materials and Methods

6.1 Data source and patients
6.1.1 Paper 1

In connection with a project during my specialization in surgery, it was de-
cided to conduct a medical record review of all patients within the Uppsala
region who underwent breast surgery between 2009 and 2010, with the inten-
tion of investigating the frequency of SSI. Since we had data on which patients
had suffered an SSI, the idea arose of investigating whether they had worse
oncological outcomes, since some studies had shown such an association. All
patients who underwent BCS or mastectomy to treat breast cancer between
January 2009 and December 2010 were included. Patients with distant metas-
tasis at surgery or within three months after surgery, and those who had other
cancer at pathological anatomical diagnosis, were excluded

6.1.2 Paper I1

To investigate risk factors for SSI and other postoperative complications in
order to try to reduce them, forms with specified pre-chosen variables for
breast cancer patients undergoing surgery at the Uppsala University Hospital
between May 2017 and May 2019 were created. Thus, wound complications
were prospectively registered. The surgeon filled out the first form on the day
of surgery. The second form was filled out approximately three weeks later at
the postoperative clinical appointment, by the breast nurse or the surgeon. The
third form was filled out after approximately four weeks by the oncologist at
the patient’s first postoperative visit to the oncology department. If there were
missing data, the patient’s electronic records were scrutinized for complete-
ness. Recordings of seromas were not noted in patients charts or records on a
regular basis, so this information was deemed unreliable. The follow-up for
postoperative complications was at least 30 days or until reoperation, which-
ever came first. The reason for selecting a 30-day follow-up period after sur-
gery, rather than 90 days, was due to the clinical routine of postoperative fol-
low-up visits with the surgeon approximately three weeks after surgery and
new consultations with the oncologist approximately four weeks after surgery.
Choosing a 90-day follow-up would have necessitated an additional visit
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solely for the study, which was not feasible. Patients who underwent BCS or
mastectomy for breast cancer were included.

6.1.3 Papers Il and IV

Most of the studies showing an association between SSI and worse oncologi-
cal outcomes are small (from a few hundred to just over one thousand pa-
tients), which should not allow for adjustments of a sufficient number of var-
iables in the multivariate analysis, increasing the risk for uncontrolled con-
founding. Because of this, despite the results from Study I, we wanted to con-
duct a large study and decided to use BCBaSe 3.0. This is a population-based,
nation-wide database including individuals diagnosed with breast cancer in
Sweden between 2007 and 2019, created for the purpose of facilitating popu-
lation-based epidemiological breast cancer research. BCBaSe 3.0 integrates
individual-level records from the National Quality Register for Breast Cancer
(NKBC) with national demographic and health care registers maintained by
the National Board of Health and Welfare, Statistics Sweden, and the Swedish
Social Insurance Agency.
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The NKBC contains detailed clinical data on patient and tumour characteris-
tics, treatment, and follow-up. Its completeness is high, exceeding 99%, as
verified through cross-linkage with the National Cancer Register, which man-
dates reporting by law. The proportion of missing values is less than 5% for
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most variables, and the reported information generally exhibits high exact
concordance (186). The National Cancer Registry records data on all cancer
diagnoses, including site and date, ICD code, morphological SNOMED code,
and basis for diagnosis. It is estimated to cover more than 96% — 98% of all
incident malignant tumours in Sweden, with 98% of diagnoses being morpho-
logically verified (187, 188). The National Cause of Death Register records
information on the date of death, underlying and contributing causes of death
according to ICD (189). Overall, 96% of individuals in the Cause of Death
Register have a specific cause of death recorded, with the accuracy of death
certificates for breast cancer estimated at 93.1% (190). The National Patient
Register encompasses comprehensive data on hospital inpatient and outpatient
care, detailing up to eight diagnostic codes per patient encounter as per the
International Classification of Diseases (ICD), alongside information on sur-
gical interventions, and admission and discharge dates. This register is reputed
to encompass approximately 99% of hospital admissions (191). The National
Prescribed Drug Register catalogues all medications dispensed by Swedish
pharmacies, categorised by the Anatomic Therapeutic Chemical (ATC) clas-
sification system, and includes dispensation dates as well as the quantity of
defined daily doses (DDD) (192, 193). The Total Population Register main-
tains records on individuals’ life status (alive or deceased), residential address,
birth country, and migration details (194). In addition, LISA provides granular
data on socioeconomic factors including marital status, highest educational
attainment, disposable income, occupation, type of housing, country of birth
and that of one’s parents (195, 196). However, data from the Multi-Generation
Register, the Swedish Medical Birth Register and the MIDAS database were
not utilized in this particular study.

The studies included all patients who underwent surgery for primary invasive
breast cancer or DCIS between January 1%, 2008, and September 30", 2019.
The reason for inclusion from 2008 and not from 2007, was because the
NKBC was established in 2008. Patients with a history of invasive breast car-
cinoma or DCIS prior to January 2008, those presenting with distant metasta-
sis at the time of or within three months of the primary surgery, and those with
distant metastases originating from other malignancies were excluded. Addi-
tionally, a sensitivity analysis was conducted, excluding all patients with any
prior malignancy before the diagnosis of breast cancer. Monitoring for sys-
temic recurrence and survival analysis commenced 90 days after surgery, and
one year after surgery for LRR, and continued until the patient’s death or the
conclusion of the study on December 31, 2019.
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6.2 Study design

6.2.1 Paper 1

Retrospective cohort study. Conducted within the Uppsala region from 2009
to 2010.

6.2.2 Paper I1

Prospectively registered cohort study. Conducted at the Uppsala University
Hospital from May 2017 to May 2019.

6.2.3 Papers Il and IV

Population-based cohort studies using the BCBaSe 3.0 database. Nationwide
study with breast cancer patients from January 2008 to September 2019.

6.3 Methods and further considerations
6.3.1 Paper 1

All patients underwent breast surgery, with exposure categorized as SSI, other
postoperative infections, or no infection within 90 days of surgery. SSI was
defined as treatment with antibiotics and/or drainage due to erythema or pu-
rulent discharge, with or without fever. Consequently, only SSIs categorized
as Grade II or higher according to the Clavien-Dindo classification were in-
cluded. Other infections were documented when patients received antibiotic
treatment without erythema or purulent discharge from the breast. The defini-
tion of SSI varies significantly in the literature. Despite having a clear defini-
tion, it was still challenging to determine which patients should be classified
as having an SSI during the review of medical records. Since white blood cell
count (Lpk) and C-reactive protein (CRP) were not routinely measured and
cultures were rarely available, it was difficult to ascertain whether the patients
had an infection. To accurately identify patients with an SSI, a prospective
registration where Lpk, CRP and wound cultures (when possible) are manda-
tory, would be necessary. However, the method used to identify SSIs was con-
siderably better than relying solely on diagnostic International Classification
of Diseases (ICD) codes, as SSIs were rarely coded, at least from 2009 to
2010.

The predictors included age at surgery, body mass index (BMI), smoking sta-
tus, diabetes, NAT, the number of surgeries in the breast/axilla during 2009
and 2010, type of breast and axillary surgery, seroma aspiration, adjuvant
chemotherapy, RT, ET, tumour size on pathology, tumour type, tumour grade,
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histologic subtype, and lymph node status. Routine antibiotic prophylaxis was
not administered.

6.3.2 Paper I1

In an effort to make the SSI definition even more distinct, SSI was defined as
at least one of the following: 1) purulent discharge, 2) positive wound culture
or 3) treatment with antibiotics, drainage or an incision in conjunction with at
least one of the following: A) increasing erythema, B) local heat and swelling,
or C) increasing pain. Unfortunately, Lpk and CRP were not routinely meas-
ured to diagnose SSI, but a wound culture was routinely taken if an SSI was
suspected. The possible risk factors analysed were: age at the time of surgery,
BMI, smoking status, diabetes, baseline surgery (primary surgery or reopera-
tion), type of breast and/or axillary surgery, antibiotic prophylaxis, the main
surgeon, the assisting surgeon, reoperation within 24 hours, operation time
and breast specimen weight. According to clinical routines, all patients who
underwent a mastectomy received drainage until the following day, whereas
patients who underwent BCS did not. Consequently, drainage was not consid-
ered a separate risk factor, as it was inherently part of the surgical procedure.
Similarly, NAT was not included as a risk factor for SSI, based on findings
from a quality follow-up of breast cancer surgeries conducted in Uppsala from
2014 to 2015 (where NAT was not a risk factor for SSI (OR 0.83 (95% CI
0.186, 3.672)). All breast cancer surgeries performed on each individual pa-
tient were included. This led to the data file becoming cumbersome to manage
and even difficult to describe in the text. Another, more pragmatic way to rec-
ord these data, and a learning point, is to register each patient once and use the
final surgical procedure in the breast/axilla as the exposure.

6.3.3 Papers Il and IV

In Study II1, the primary exposure was SSI within 90 days of surgery. An SSI
was identified based on the presence of specific diagnostic or intervention
ICD-10 codes (T857, T814, HWB00, HWCO00) or the dispensation of antibi-
otics (flucloxacillin JO1CFO5 or clindamycin JO1FF01) within 4 to 90 days
following surgery. Since surgeons sometimes prescribe patients prophylactic
antibiotics, especially patients undergoing reconstructive procedures, we did
not include patients receiving antibiotics immediately in connection with sur-
gery in the SSI definition. For the sake of completeness, we also investigated
bleeding or wound complications (defined by at least one of the following
diagnostic or interventional codes (ICD; T810, T811, T817, HWDOO,
HWEO00, HWAO00, T813, HWF00)) and unspecified local complications
(T854, T856, T858, T859, T812, T815, T818, T818W, T819, T889, HWW99)
registered within 90 days of surgery. Any local complication was defined as
SSI and/or bleeding or wound complication and/or unspecified local compli-
cation. Complications were further classified into early (within 30 days of
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surgery) and late (31-90 days after surgery) occurrence. The reason for doing
so was that, although the traditional definition of postoperative complications
often refers to 30 days after surgery, a clinical quality-control study (non-pub-
lished) performed at the Uppsala breast unit in 2014 and 2015, showed that
the mean time to an SSI was 47 days.

Since the hypothesis was that a major complication causes a significantly
more extensive inflammatory response than a minor complication, the deci-
sion was to sub-group complications. A major complication was defined as
one necessitating readmission or an additional surgical intervention, whereas
a minor complication did not require such measures. To further investigate
risk factors for SSI in a large cohort, a separate analysis with primary surgery
as exposure and SSI as the outcome was performed. However, those data were
only presented in the supplementary files because it was merely a secondary
analysis, to avoid making the article too lengthy.

Despite not showing an association between SSI and worse oncological out-
come in Study III, the hypothesis was that a major systemic infection, for ex-
ample pneumonia, would result in a significantly more extensive systemic in-
flammatory response compared with SSI. That hypothesis was examined in
the same cohort, which includes 167 times more patients than the cohort in
Study I, where infections other than SSI did not show a statistically significant
connection to the oncological outcome. The primary exposure in Study IV
was defined as the occurrence of a major systemic infection within 90 days of
surgery. Secondary exposures included any systemic infection or other major
event within 90 days of surgery. A systemic infection was identified using the
following ICD-10 codes: N39.0, N30.9 (urinary tract infection), J09-J18
(pneumonia), R50.8, R50.9 (fever of unknown origin), JO3 (tonsillitis), K57
(diverticulitis), L08, L03, LO1, A46 (skin infection), A40, A41 (sepsis), JO1
(sinusitis), H66 (otitis), 133, 138, 139 (endocarditis), 140, 141 (myocarditis),
G04, GOS5 (encephalitis), GO0, GO1, G02, GO3 (meningitis), M86 (osteomye-
litis), N10 (acute pyelonephritis), J00-JO6 (upper respiratory infection), J20-
J22 (lower respiratory infection), BO2 (herpes zoster), A00-A09 (gastroenter-
itis), B15, B16, B17 (acute hepatitis), L04 (acute lymphadenitis), A15-A19
(tuberculosis), A48, A49 (other bacterial infections), A80-A89 (virus infec-
tion of the central nervous system), B33, B34, B99 (unspecified virus infec-
tion), and A69.2 (Lyme disease). Alternatively, a systemic infection was de-
fined as the dispensation of antibiotics within 90 days of surgery, classified
under JO1, excluding flucloxacillin (JO1CF05) or clindamycin (JO1FFO1) (de-
fined as SSI) or ciprofloxacin (JOIMAO02) when administered during adjuvant
chemotherapy from 2008 to 2011 (during which time ciprofloxacin was used
as antibiotic prophylaxis in the Panther study). A major systemic infection was
defined as readmission because of that infection. Systemic infections were
categorized as early (within 30 days of surgery) or any (0-90 days after
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surgery). Other major events were defined using the following ICD-10 codes:
161, 163, 164 (stroke), 126 (pulmonary embolism), and/or 121, 122 (myocardial
infarction).

Predictors in both studies were: age at surgery, country of birth, the highest
level of education (9 years or less (primary), 10-13 years (secondary), or >13
years (tertiary)), family income (low (Q1: 0% - 25%), middle (Q2-Q3: >25%
- 75%), or high (Q4: >75%)), menstrual status, hypertension, obesity, diabe-
tes, autoimmune disease, immunodeficiency, the Charlson Comorbidity Index
(CCI), breast cancer detection mode, breast cancer laterality, the year of breast
cancer surgery, the region of residence at surgery, type of primary treatment
(surgery or NAT), type of final breast/axillary surgery, the number of surger-
ies, RT, time to RT, chemotherapy, ET, anti-HER?2 therapy, invasivity (inva-
sive/in situ), tumour (T) stage, histological tumour type, NHG, ER, PR, HER2,
Ki67, subtype and nodal (N) stage. Detailed information and definitions of the
predictors are described in Study III. Unfortunately, the registers lack infor-
mation about smoking habits, alcohol consumption, BMI and usage of prophy-
lactic antibiotics, which of course is a limitation when studying postoperative
complications. Furthermore, the variable “time to adjuvant chemotherapy” in
the NKBC was inadvertently erased by The National Board of Health and
Welfare during the process of linking the registers.

6.4 Outcomes and statistical methods

All analyses in Studies I and II were performed using SPSS (IBM, Armonk,
New York, USA). In Study I, the analyses were done together with my main
supervisor and in Study II, by myself with a re-count by my supervisor. In
Studies III and IV, all analyses were performed using R version 4.3.1 (R Foun-
dation for Statistical Computing, Vienna, Austria), through specific files
available by “remote server access” on the research Q-portal administered by
the North Regional Cancer Centre (RCC). All processing of the original data
and all statistical analyses in these studies were conducted by or in collabora-
tion with statisticians. All tests in all studies were two-sided and p <0.05 was
considered statistically significant.

6.4.1 Paper 1

The primary outcome was systemic recurrence of breast cancer, including re-
currence in the supraclavicular fossa. For this analysis, patients who under-
went surgery for in situ tumours were excluded. The secondary outcomes en-
compassed LRR, defined as recurrence in the ipsilateral breast or axilla, as
well as BCSS and OS. Kaplan-Meier curves and unadjusted/adjusted Cox re-
gressions were used to assess the relationship between SSI/other postoperative
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infection and breast cancer recurrence. OS, BCSS and distant recurrence-free
survival (DRFS) were calculated with the Kaplan-Meier method.

6.4.2 Paper I1

The primary outcome assessed was the identification of risk factors for SSI,
while the secondary outcome focused on risk factors for other wound compli-
cations (wound dehiscence, skin necrosis, haematoma requiring surgical inter-
vention, and flap failure). The outcomes were dichotomized into two categories:
the presence of SSI or other wound complications and the absence of SSI or
wound complications within 30 days of surgery. The association between pre-
dictors and outcome was analysed using simple logistic regression. Multiple lo-
gistic regression was performed to adjust for confounding predictors.

6.4.3 Papers Il and IV

The primary outcome was the incidence of systemic breast cancer recurrence.
This was characterized by the detection of ICD-10 codes C780-C788, C790-
C791, C793-C799, C771, C772, C778 or a recorded death attributed to breast
cancer occurring more than three months after surgery. The cohort for this
analysis was restricted to those diagnosed with invasive breast cancer. The
secondary endpoints were LRR, OS, and BCSS. Since the registration of LRR
is not reliable in Sweden except in the Stockholm/Gotland region, the follow-
ing definition was created: LRR encompassed instances of relapse within the
same breast or regional lymph nodes as identified by ICD codes C50, D05
(with the exception of D05.0 indicating lobular carcinoma in situ (LCIS)), or
codes C792, C770, C773, C778, and C779 when paired with Z853 and/or in-
stances where RT was targeted at the breast and was administered more than
one year following primary surgery. Additionally considered were ICD inter-
vention codes signifying surgeries for ipsilateral breast cancer in either the
breast or axillary regions (HAB0O, HAB40, HAB99, HAC10, HACI15,
HAC20,HAC22, HAC99, PJA10, VXA20, PJA42, VXK21, HAF00, HAF99)
conducted more than one year after the initial surgery. In order not to include
secondary plastic surgery interventions in the LRR definition, such interven-
tion codes, not associated with diagnosis codes for either invasive carcinoma
or DCIS, were excluded.

DREFS, and the cumulative risk of LRR, OS and BCSS were estimated utiliz-
ing the Kaplan-Meier method. The effect of exposure was subjected to uni-
variable analyses using the log-rank test. The relationship between exposure,
various predictors, and outcomes was examined through multivariable Cox
regression analysis. A stepwise adjustment procedure was done in Study IV
in order to easily see how the different variables affected the outcome. First,
we adjusted for patient characteristics (age, year of surgery, region of
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residence). Second, for the same variables as Model 1 plus disease character-
istics (T-stage, subtype, N-stage, histological tumour type). Third, for the
same variables as Model 2 plus comorbidity (CCI). Fourth, for the same vari-
ables as Model 3 plus socioeconomic factors (country of birth, highest level
of education, family income). Fifth, for the same variables as Model 4 plus
surgical treatment (type of primary treatment, final breast/axillary surgery,
number of surgeries). Sixth, for the same variables as in Model 5 plus onco-
logical treatment (RT, chemotherapy, ET, anti-HER2 therapy). To determine
which predictors should be included in the multivariable analysis, a Directed
Acyclic Graph (DAG) was employed for each study. The results are articu-
lated as Hazard Ratios (HR) accompanied by 95% Confidence Intervals (CI).

In Study 111, a supplementary analysis was conducted aimed at identifying risk
factors for SSI, where both univariable and multiple logistic regression anal-
yses were conducted to control for confounders that are clinically significant.
These results are expressed as OR with 95% CI.

For Study 111, a power analysis was conducted utilizing data from prior studies
(124,145, 197, 198). The parameters included a 10% incidence of SSI following
breast cancer surgery and a 20% rate of systemic recurrence. The margin (3) for
systemic recurrence was established at 1.08. Consequently, a sample size of
57,920 patients was determined to achieve a power of 0.80 with a type I error
rate of 0.05. The margin (&) was based on the following reasoning: if a total of
20% of all patients experience a systemic recurrence, and 19.8% suffer from a
systemic recurrence in the no-SSI group, that would be 21.4% in the SSI group.
This could be viewed as a HR of 1.08 over the defined study period and is thus
considerably less than HR 2.52 (155) and HR 6.15 (154). Reasonably, a relative
difference of less than 1.08 ought not to have a clinically relevant difference.
When choosing a 20% rate of systemic recurrence, the aim was a 10-year fol-
low-up. Given that the median follow-up period was shorter than anticipated, at
approximately five years, only 9.6% of cases experienced systemic recurrence
which would increase the risk of a type 2 error. However, a higher SSI rate of
15.7%, compared with the 10% anticipated in the power calculation would the-
oretically have the reverse effect on the risk of a type 2 error.

6.5 Ethical considerations

The Ethical Review Act (Act 2003:460) (199) governs the ethical review of
research involving human subjects and biological material from humans. The
purpose of this legislation is to protect individual human beings and uphold
respect for human dignity in research. Research that entails physical interven-
tions or affects the research participants requires their consent, with the fun-
damental principle being that consent is always necessary. The General Data
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Protection Regulation (GDPR) governs consent in research by requiring that
it be voluntary, specific, informed, and unambiguous. Regarding consent for
retrospective cohort studies, there are several important aspects to consider,
and there may be certain exceptions to the requirement for consent, especially
if it is difficult or impossible to obtain consent from all individuals whose data
are used. Although retrospective cohort studies may have exceptions from the
consent requirement, they must still undergo ethical review and adhere to strict
ethical guidelines to protect participants’ privacy and rights in accordance
with GDPR. Research on previously collected personal data that involves a
negligible privacy intrusion can normally be approved without the require-
ment for informed consent. The same applies to research on extensive amounts
of pseudonymized data where the code key remains with the registry holder
and where the possibility of identifying any person in the material is virtually
non-existent. Reviewing medical records could be perceived by some individ-
uals as an invasion of privacy. Another potential risk is that sensitive data
might fall into the wrong hands. However, these risks are considered unlikely
regarding this thesis, because the possibility of identifying any individual in
the material is negligible. Furthermore, the knowledge gains are assessed to
be significantly greater than the risks to the research participants in the articles
of the thesis.

Studies I and II were approved by the Regional Ethical Committee at Uppsala
University (DNR 2018/312). Concerning Studies III and IV, the construction
of BCBaSe 3.0 was approved by the Ethical Committee (DNR 2019-02610,
2020-00886, 2020-06302) with an amendment for the present studies (DNR
2022-01020-02).
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7 Results

7.1 Paper I

A total of 492 patients were included in the study, with a mean age of 62 + 13
years, ranging from 29 to 94 years. The mean BMI was 25.8 + 4.8, ranging
from 15.4 to 48.8. Among the study cohort, 439 patients had invasive breast
cancer, while 53 had in situ tumours. The median follow-up period was 8.4
years, ranging from 0.2 to 10.1 years.

Seventy patients (14.2%) of all patients and 62 (14.1%) of those with invasive
breast cancer had an SSI. Additionally, 49 patients (10.0%) of all patients and
43 (9.8%) of those with invasive cancer had an infection other than SSI.

LRR was observed in 26 patients, and systemic recurrence in 55 patients. The
median time to LRR was 3.0 years (0.7-10.1), and to systemic recurrence, it
was 2.6 years (0.4-10.1). The 5-year OS rate was 86.5 +2.9%, BCSS was 94.6
+ 2.0%, and DRFS was 90.6 + 2.9%.

Unadjusted analysis revealed a significant increase in the risk of systemic re-
currence following an SSI (Log-rank test, p = 0.035, Fig. /. Kaplan-Meier
analysis), whereas no significant association was found between SSI and LRR
rates (p = 0.31).

In the univariate analysis, several factors were associated significantly with
systemic recurrence, including age at surgery, receiving NAT, type of breast
and axillary surgery, seroma aspiration, tumour size, tumour grade, histologic
subtype, and lymph node status (7able I).
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Fig 1 Kaplan-Meier analysis of distant recurrence in patients with and without surgi-
cal site infection. p = 0.035 (Log-rank test)

The occurrence of SSI did not predict systemic recurrence rates in the multivar-
iate Cox regression analysis (7able 1). However, tumour size and lymph node
status remained significant predictors in the multivariate analysis (7able 1).

Infections other than SSI were not associated with systemic recurrence (HR

1.57, p=0.249) (Table 1) or LRR (HR 2.49, p = 0.068) in the univariate anal-
ysis, and thus, further multivariate testing was not pursued.
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Table 1 Unadjusted and adjusted Cox regression analysis of factors associated with
systemic recurrence with a median of 8.4 years’ follow-up, based on patients with
invasive breast cancer (n=439)

Age at surgery 439 1.02 (1.001, 1.046) 0.038  1.02(0.992,1.038)  0.201
BMI (kg/m?)

18.5-24.9 189 1.00 (reference)

<185 12 0.00 (0.000, 0.000) 0.974

25-29.9 143 1.09 (0.596, 2.009) 0.772

>30 80 1.15 (0.562, 2.364) 0.699
Smoker

No 228 1.00 (reference)

Yes 74 0.45 (0.158, 1.279) 0.134

Previous 111 1.43 (0.804, 2.557) 0.222
Diabetic

No 420 1.00 (reference)

Yes 19 1.00 (0.243, 4.101) 0.998
Neoadjuvant chemotherapy

No 430 1.00 (reference) 1.00 (reference)

Yes 9 3.25(1.014, 10.420) 0.047  1.53(0.429, 5.471) 0.512
No. of surgeries (breast/axilla)#

1 381 1.00 (reference)

>1 58 0.82 (0.350, 1.913) 0.643
Breast surgery

Breast-conserving surgery 264 1.00 (reference) 1.00 (reference)

Mastectomy 175 3.70 (2.094, 6.542) 0.000 1.42(0.676, 2.978) 0.355
Axillary surgery

Sentinel node biopsy 247 1.00 (reference)

Axillary clearance 150 2.90(1.631, 5.149) 0.000

No surgery 42 1.71 (0.580, 5.029) 0.331
Seroma aspiration

No 381 1.00 (reference) 1.00 (reference)

Yes 58 2.18(1.146, 4.150) 0.018  0.84(0.350, 2.026) 0.702
Adjuvant chemotherapy

No 269 1.00 (reference)

Yes 170 1.68 (0.977, 2.873) 0.061
Adjuvant radiotherapy

No 132 1.00 (reference)

Yes 294 0.89 (0.478, 1.654) 0.710

Previous radiotherapy 13 2.61(0.858, 7.922) 0.091
Adjuvant hormone therapy

No 103 1.00 (reference)

Yes 336 0.61 (0.344, 1.089) 0.095
Tumour size

T1 230 1.00 (reference) 1.00 (reference)

T2 177 5.58 (2.670, 11,672) 0.000 2.78(1.234, 6.242) 0.014

T3 30 13.00 (5.272, 32.064) 0.000 5.36(1.889,15.210) 0.002
Tumour type

Ductal 360 1.00 (reference)

Lobular 54 1.26 (0.593, 2.678) 0.547

Other invasive types 25 0.32 (00.44, 2.342) 0.263
Tumour grade

1 77 1.00 (reference) 1.00 (reference)

2 231 10.02 (1.363, 73.637) 0.024 4.10(0.540,31.171) 0.172

3 125 15.73 (2.124, 116.462) 0.007 3.90(0.464,32.796) 0.210
Histological subtype

Luminal A 220 1.00 (reference) 1.00 (reference)

Luminal B 116 2.01(1.027,3.943) 0.041  1.42(0.682,2.962) 0.348

HER 2+ ER+ 26 2,06 (0.692, 6.110) 0.195  1.02(0.270, 3.870) 0.974

HER 2+ ER- 21 3.38(1.248,9.172) 0.017  1.85(0.500, 6.811) 0.358

Triple negative 56 2.54 (1.165, 5.556) 0.019  2.68(0.984,7.311) 0.054
Lymph node status

NO 271 1.00 (reference) 1.00 (reference)

N1 92 2.87 (1.465, 5.637) 0.002 2.21(1.075,4.528) 0.031

N2 45 8.04 (4.179, 15.470) 0.000 3.89(1.770,8.552) 0.001
SSl

No 377 1.00 (reference) 1.00 (reference)

Yes 62 1.97 (1.037, 3.756) 0.038 0.99(0.414,2.340) 0972
Other infection

No 390 1.00(reference)

Yes 49 1.57(0.734, 3.302) 0.249
SSI and/or other infection

No 334 1.00(reference)

Yes 105 1.79 (1.016, 3.168) 0.044

551; Surgical Site Infection, #During years 2009-2010
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7.2 Paper 11

The study cohort comprised 592 patients who underwent a total of 707 proce-
dures. The mean age was 62 + 13 years, with a range of 24 to 96 years. The
mean BMI was 26.2 + 4.7, ranging from 16.0 to 47.0.

As detailed in Table 2, there were 66 instances (9.3%) of SSI and 95 cases

(13.4%) of wound complications among the 707 surgeries. The mean time to
the onset of SSI was 17.4 days, with a range from 2 to 36 days.

Table 2 Complication rates

Ssl 66 (9.3)
Wound dehiscence 25 (3.5)
Skin necrosis 16 (2.3)
Haematoma (requiring surgery) 15(2.1)
Flap failure 1(0.1)

Wound complication? 95 (13.4)

Values are number (per cent). SSI; Surgical Site Infection #SSI, wound dehiscence, skin necrosis, haematoma requiring
surgery, flap failure

Table 3 presents the infection and wound complication rates based on the type
of breast and axillary surgery performed. SSI occurred in 9.2% of patients
following BCS, 19% after oncoplastic BCS, and 2.3% after doughnut
mastopexy with SLNB. Among patients who underwent ALND, 9.9% expe-
rienced SSI. Wound complications were observed in 19.5% of patients after
mastectomy without IBR and in 32.4% of those with IBR.
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Table 3 Infection and Wound complication rates

BCS (n=292) 23 (7.9) 28(9.6)
No axillary surgery (n=65) 3 (4.6) 3(4.6)
SNB (n=196) 18(9.2) 23(11.7)
Axillary clearance (n=28) 2(7.1) 2(7.1)
Axillary sampling (n=3) 0(0.0) 0(0.0)
Oncoplastic BCS (n=99) 15 (15.2) 16 (16.2)
No axillary surgery (n=25) 2(8.0) 3(12.0)
SNB (n=58) 11 (19.0) 11 (19.0)
Axillary clearance (n=15) 2(13.3) 2(13.3)
Axillary sampling (n=1) 0(0.0) 0(0.0)
Doughnut mastopexy (n=66) 1(1.5) 6(9.1)
No axillary surgery (n=14) 0(0.0) 2 (14.3)
SNB (n=43) 1(2.3) 4(9.3)
Axillary clearance (n=8) 0(0.0) 0(0.0)
Axillary sampling (n=1) 0(0.0) 0 (0.0)
Mastectomy (no reconstr) (n=154) 20 (13.0) 30(19.5)
No axillary surgery (n=36) 9 (25.0) 9 (25.0)
SNB (n=64) 5(7.8) 12(18.8)
Axillary clearance (n=42) 5(11.9) 8(19.0)
Axillary sampling (n=12) 1(8.3) 1(8.3)
Immediate reconstruction (n=37) 4 (10.8) 12 (32.4)
SNB (n=414) 39 (9.4) 56 (13.5)
(regard|less of breast surgery)

Axillary clearance (n=111) 11 (9.9) 14 (12.6)
(regardless of breast surgery)

Reoperation (within 24 hours) (n=16) 4 (25)

Values are number (per cent). SSI; Surgical Site Infection BCS; Breast Conserving Surgery SNB; Sentinel Node Biopsy
# SS1, wound dehiscence, skin necrosis, haematoma requiring surgery, flap failure

In the unadjusted analysis, BMI > 25, oncoplastic BCS, reoperation within 24
hours, and prolonged surgery duration (90-120 minutes) were identified as
significant risk factors for SSI. However, in the multiple regression analysis,
a BMI of 25-30 (OR 1.98, p = 0.036) and a BMI > 30 (OR 2.85, p = 0.003)
remained the sole significant predictors for SSI (Table 4).
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Table 4 Unadjusted and adjusted logistic regression analysis of factors associated with SSI

Age at surgery (years| (n=707)
<46 79 1.00 (reference)
46-60 228 1.91 (0.71, 5.14) 0.204
61-74 299 1.41 (0.52, 3.80) 0.497
=74 101 1.45 (0.47, 4.51) 0.523
BMI {kg/m?) (n=705)
18.5-24.9 o9 1.00 (reference) 1.00 (reference)
<185 11 0.00 (0.00, 0.00) 0.999  0.00(0.00, 0.00) 0.993
25-30 247 1.90 (1.02, 3.56) 0.088  1.98(1.05, 3.75) 0.036
%30 138 2.90 (1.49, 5.64) 0.002  2.85(1.43, 5.567) 0.003
Tobacco user (n=700)
No 627 1.00 (reference)
Yes 73 1.04 (0.46, 2.37) 0.925
Diabetic (n=707)
No 5] 1.00 {reference)
Yes L] 2.26 (0,96, 5.34) 0.064
Baseline surgery prime surg (n=707)
Yes 609 1.00 (reference)
No 98 0.85 (0.57, 0.26) 0.415
Breast surgery (n=707)
BCS 232 1.00 {reference) 1.00 {referance)
Oncoplastic BCS 99 2.09 (1.04, 4.19) 0.038  2.02(0.91, 4.51) 0.084
Doughnut mastopexy 66 0.18 (0.02, 1.36) 0.096  0.18(0.02, 1.36) 0.095
Mastectomy no reconstruction 154 1.75 (0.93, 3.29) 0.0B5  1.59(0.81, 3.12) 0.178
Immediate reconstruction a7 1.42 (0,46, 4.35) 0542  1.62(0.37, 7.01) 0.521
Only anillary surgery 59 0.63 (0.18, 2.16) 0.459  0.79(0.22, 2.85) 0.720
Axillary surgery (n=707)
Sentinel node biopsy 414 1.00 (reference)
Axillary clearance 111 1.06 (0.52, 2.14) 0.876
Axillary sampling 18 0.57 (0.07, 4.37) 0.585
Only breast surgery 164 0.97 (0.52, 1.81) 0.919
Antibiotic prophylaxis (n=662)
No 335 1.00 {reference)
Yes 327 1.31 (0.78, 2.22) 0.305
Main operater (n=707}
Breast Surgeon 604 1.00 (reference)
Resid/Surg (other subspec) + BS ass 83 1.07 (0.49, 2.32) 0.875
Surgeon (ather subspec) 20 1.76 (0.50, 6.20) 0.378
Assistant (n=707)
Only scrub nurse 266 1.00 (reference)
One assistant 404 1.15 (0.67, 2.00) 0.615
Two assistants a7 2.15 (0.87, 5.70) 0.125
Reoperation (within 24 hours) [n=707)
No 631 1.00 (reference) 1.00 (reference)
Yes 16 3.38 (1.06, 10.80) 0.040 2,67 (0.79, 9.10) 0.115
Surgery time (minutes) [n=707}
<60 242 1.00 {reference) 1.00 {referance)
60-89 279 1.73 (0.86, 3.47) 0,122  1.45(0.69, 3.03) 0.322
90-120 153 2.59 (1.28, 5.27) 0,009 1.71(0.75, 3.88) 0.202
»120 83 1.98 (0.82, 4.76) 0.127  1.18(0.37,3.74) 0.782
Breast specimen weight (g) (n=299)
<16 34 1.00 (reference)
16-50 108 2.64 (0.32, 21.90) 0.368
51-100 55 6.46 (0.78, 53.46) 0.084
>100 102 3.99 (0,50, 32.11) 0.194
S51; Surgical Site Infection, BCS; Breast-Conserving Surgery, prime sung; primary sungery, Resid/Surg; Resident/Surgeon, BS; Breast sungeon;
E iality, Ass; Asd Eigram
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The risk factors for wound complications were similar to those for SSI, with the
exception of the type of breast surgery. In the adjusted analysis, mastectomy
without IBR (OR 2.27, p = 0.006) and mastectomy with IBR (OR 4.42, p =
0.008) were identified as significant risk factors. BMI of 25-30 (OR 1.75,p =
0.036) and a BMI > 30 (OR 1.93, p = 0.032) were also significant predictors.

7.3 Paper III

The inclusion criteria were met by 87,558 patients. Patients with a history of
breast cancer or DCIS, distant metastasis from other cancers, or distant metas-
tasis within three months of breast cancer surgery were excluded (Fig. 2), re-
sulting in a cohort of 82,102 patients, of whom 513 (0.6%) were men.

Included in LRR &

: " Included in systemic
survival analysis

recurrence analysis

DCIS = Ductal Cancer in Situ; LRR = Locoregional recurrence

Fig 2 Flow chart

The mean (s.d.) age was 63 years (13), ranging from 19 to 104 years. Among
the patients included in the study, 73,313 certainly had invasive breast cancer
(219 cases with missing data) and 8,570 had in situ breast cancer. Among pa-
tients not treated with adjuvant chemotherapy who experienced an SSI, 21.3%
initiated RT within 60 days, compared to 28.2% (P < 0.001) of patients with-
out an SSI. The median (range) follow-up period was 4.8 years (0-11.8) for
systemic recurrence, 5.0 years (0-11.8) for OS/BCSS, and 4.5 years (0-11.0)
for LRR.
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Overall, 12,875 patients (15.7%) experienced an SSI within 90 days of sur-
gery, with 1.3% having a major SSI. Additionally, 9.5% had an SSI within 30
days of surgery (Table 5).

Table 5 Complication rates (within 90 days) in a population-based cohort of 82,102
individuals diagnosed with breast cancer in Sweden 2008-2019

Ssi 12,875 (15.7)
early 7,830 (9.5)
late 6,900 (8.4)

Major S5l 1,072 (1.3)

Bleeding or wound complication 5,710(7.0)
early 4,843 (5.9)
late 1,332 (1.6)

Major bleeding or wound complication 1,751 (2.1)

Unspecified local complication 1,663 (2.0)
early 991 (1.2)
late 773 (0.9)

Major unspecified local complication 590 (0.7)

Any local complication® 17,294 (21.1)

early 11,920 (14.5)
late 8,149 (9.9)
Maijor local complication* 3,214 (3.9)

Values are number (per cent). ¥S5I, bleeding/wound/unspecified local complication; S5I; Surgical Site Infection

A total of 2,770 patients (3.7%) experienced LRR, while 7,033 patients (9.6%)
had a systemic recurrence. The 5- and 10-year DRFS rates were 91.2% (95%
CI190.9-91.4) and 84.6% (84.1-85.0) for patients without an SSI, compared to
87.6% (86.9-88.2) and 80.7% (79.5-81.7) for patients with an SSI.

In the unadjusted analysis, the risk of systemic recurrence (HR 1.36, p <
0.001), overall death (HR 1.26, p < 0.001), and breast cancer-specific death
(HR 1.49, p <0.001) were all significantly increased after an SSI (Fig. 3b-d),
but not the risk of LRR (HR 0.92, p = 0.132) (Fig. 3a).
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Fig 3 Kaplan-Meier analysis in patients with and without SSI: a) LRR, b) systemic
recurrence, ¢) overall death, d) breast cancer-specific death

After adjusting for age, country of birth, highest level of education, family
income, CCI, region of residence, primary treatment, final breast and axillary
surgery, number of surgeries, T-stage, subtype, and N-stage, the occurrence
of'an SSI was still significantly associated with higher overall death (HR 1.06,
p = 0.030), but not with systemic recurrence (HR 1.05, p = 0.089) or breast
cancer-specific death (HR 1.07, p = 0.102) (Table 6). In the sensitivity analy-
sis excluding all patients with any malignancy before the breast cancer diag-
nosis (n = 7,418), the risk of systemic recurrence was not significant (HR 1.04,
p =0.171), nor was the association with all-cause death (HR 1.05, p = 0.098).
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Table 6. Adjusted Cox regression analysis of risk of SSI on time to locoregional re-
currence, systemic recurrence, overall death and breast cancer death

Locoregional recurrence 75,469 0.98 (0.88-1.09) 0.657
Systemic recurrence 73,157 1.05 (0.99-1.12) 0.089
Overall death 81,938 1.06 (1.01-1.11) 0.030
Breast cancer death 81,938 1.07 (0.99-1.15) 0.102

Adjusted for age, country of birth, highest level of education, family income, CClI, region of residence,
primary treatment, final breast and axillary surgery, number of surgeries, tumour stage, subtype and
nodal stage; SSI Surgical Site Infection

Other complications

A total of 5,710 patients (7.0%) experienced bleeding or wound complica-
tions, and 1,663 patients (2.0%) encountered unspecified complications (7a-
ble 5). After adjusting for age, country of birth, highest level of education,
family income, CCI, region of residence, primary treatment, type of final
breast and axillary surgery, number of surgeries, T-stage, subtype, and N-
stage, the occurrence of unspecified complications was significantly associ-
ated with systemic recurrence (HR 1.22, p = 0.005). However, it was not sig-
nificantly associated with all-cause death (HR 1.07, p = 0.298), breast cancer-
specific death (HR 1.14, p = 0.183), or LRR (HR 1.19, p = 0.171) (Table 7).
This significant association persisted in the sensitivity analysis (HR 1.22, p =
0.006).
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Table 7. Adjusted Cox regression analysis of risk of unspecified complication on time
to locoregional recurrence, systemic recurrence, overall death and breast cancer death

Locoregional recurrence 75,469 1.19 (0.93-1.53) 0.171
Systemic recurrence 73,157 1.22 (1.06-1.40) 0.005
Overall death 81,938 1.07 (0.94-1.22) 0.298
Breast cancer death 81,938 1.14 (0.94-1.37) 0.183

Adjusted for age, country of birth, highest level of education, family income, CClI, region of residence,
primary treatment, final breast and axillary surgery, number of surgeries, tumour stage, subtype and
nodal stage; SSI Surgical Site Infection

Bleeding or wound complications were not significantly associated with any
of the outcomes. Within 90 days of surgery, 17,294 patients (21.1%) experi-
enced local complications, with 3.9% classified as major (2.8% major within
30 days). After adjusting for the same predictors, the occurrence of any major
local complication was significantly associated with all-cause death (HR 1.11,
p = 0.027), but not with systemic recurrence (HR 1.08, p = 0.184), LRR (HR
0.95, p = 0.628), or breast cancer-specific death (HR 1.05, p = 0.526). The
significant relationship with all-cause death did not persist in the sensitivity
analysis (HR 1.09, p =0.106).

An analysis conducted exclusively on patients from the Stockholm/Gotland
region also did not reveal any association between SSI and any of the out-
comes. Among these patients, 546 (3.3%) experienced LRR, and 1,573 (9.8%)
developed systemic recurrence.

Secondary analysis concerning risk factors for developing SSI

In the adjusted analysis, patients aged 40-49 years (p = 0.041) and 50-64 years
(p <0.001) were more likely to experience an SSI, as were patients with obe-
sity (p < 0.001) and higher CCI scores (p < 0.001). Conversely, patients with
middle (p = 0.003) and high (p < 0.001) family income had a lower risk of
SSI. Patients with an SSI had large tumours more frequently (T2, p < 0.001;
T4, p = 0.016), were node-positive (p < 0.001), and had non-luminal A sub-
types (p < 0.001). The SSI rate was linked significantly to mastectomy +IBR,
ALND, and sampling (p < 0.001), while NAT was not a risk factor. The risk
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of SSI increased with the number of surgeries a patient underwent (p <0.001).
Furthermore, the region of residence was significantly associated with the risk
of SSI (p <0.001). Due to multicollinearity, age was included in the multivar-
iable analysis instead of menstrual status, and family income was included
instead of the highest level of education. Similarly, CCI was included, but not
hypertension, diabetes, autoimmune disease, or immunodeficiency, while T/N
stage and subtype were included instead of the mode of detection.

7.4 Paper IV

The patients included here are the same as those in Study III, resulting in the
same cohort of 82,102 patients (Fig. 2).

Overall, 1,461 patients (1.8%) experienced a major systemic infection within
90 days of surgery, with 348 patients (0.4%) affected within the first 30 days.
In total, 11,870 patients (14.5%) suffered from a systemic infection within 90
days, of whom 3,559 patients (4.3%) had an early systemic infection. In addi-
tion, 516 patients (0.6%) experienced other major event within 90 days, in-
cluding 178 patients (0.2%) with a stroke, 262 patients (0.3%) with a pulmo-
nary embolism, and 81 patients (0.1%) with a myocardial infarction.

Among patients not treated with adjuvant chemotherapy who experienced a
major systemic infection within 90 days of surgery, the mean (s.d.) time to RT
was 79.7 days (42.4), compared to 71.9 days (31.0) for those without a major
systemic infection (p <0.001).

A total of 2,770 patients (3.7%) had an LRR, and 7,033 (9.6%) had a systemic
recurrence. The 5- and 10-year DRFS rates were 90.7% (95% CI 90.5-90.9)
and 84.1% (83.7-84.5), respectively, for patients who did not experience a
major systemic infection within 90 days of surgery. In contrast, these rates
were 84.4% (82.1-86.4) and 76.3% (72.6-79.6) for patients who did experi-
ence a major systemic infection.

In the unadjusted analysis, all risks, except for LRR, were significantly ele-
vated following a major systemic infection within 90 days of surgery. Specif-
ically, the HR was 1.78 for systemic recurrence (p <0.001), 0.89 for LRR (p=
0.483), 2.20 for overall death (p <0.001), and 2.17 for breast cancer-specific
death (p <0.001). (Fig 4a-d).
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Fig 4 Kaplan-Meier analysis in patients with and without major systemic infection
within 90 days a) systemic recurrence, b) LRR, c) overall death, d) breast cancer-
specific death

After adjusting for patient characteristics, disease characteristics, comorbidi-
ties, socioeconomic factors, surgical and oncological treatments, major sys-
temic infection within 90 days remained significantly associated with higher
rates of systemic recurrence (HR 1.23, p = 0.003), overall death (HR 1.47, p
<0.001), and breast cancer-specific death (HR 1.27, p = 0.008), but not with
LRR (Table 8). The sensitivity analysis, which excluded all patients with any
prior malignancy before the breast cancer diagnosis (n=7,415), did not alter
these results (systemic recurrence: HR 1.21, p=0.012; overall death: HR 1.45,
p <0.001; breast cancer-specific death: HR 1.28, p = 0.008).

The adjusted outcomes for patients who experienced an early major systemic
infection were even more pronounced, with significantly higher rates of sys-
temic recurrence (HR 1.66, p < 0.001), overall death (HR 1.79, p < 0.001),
and breast cancer-specific death (HR 1.86, p < 0.001). There was also a sig-
nificantly increased risk of LRR (HR 1.84, P =0.015) (Table 8). These results
were consistent in the sensitivity analysis.

Any systemic infection within 90 days was significantly associated with
higher rates of overall death (HR 1.10, p <0.001) in the adjusted analysis, but
not with systemic recurrence (HR 1.02, p=0.557), LRR (HR 1.06, p=0.302),
or breast cancer-specific death (HR 1.04, p = 0.371). In addition to overall
death, early systemic infection (HR 1.18 (CI 1.10-1.28) was associated with
increased risk of LRR (HR 1.37 (CI 1.16-1.61).
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Table 8. Stepwise adjusted Cox regression analysis of risk of major systemic infection
and/or major event on time to systemic recurrence, locoregional recurrence (LRR),
overall death and breast cancer-specific death

Systemic recurrence
(n=73157)
Systemic infection
early 2.37(1.83-3.05) 1.96 (1.52-2.53) 1.72(1.34-2.22) 1.68 (1.30-2.17) 1.67 (1.29-2.15) 1.69 (1.31-2.18) 1.66 (1.29-2.14)
within 90 days ~ 1.78 (1.55-2.04) 1.70 (1.48-1.95) 1.23(1.07-1.41) 1.21 (1.06-1.39) 1.21(1.05-1.38) 1.20(1.05-1.38) 1.23 (1.07-1.41)
Major event 1.86 (1.47-2.35) 1.64 (1.30-2.08) 1.27 (1.00-1.60) 1.24(0.98-1.58) 1.23(0.97-1.56) 1.25(0.98-1.58) 1.24(0.98-1.57)
LRR
(n=75469)
Systemic infection
early 1.76 (1.08-2.88) 1.83 (1.12-2.99) 1.90 (1.16-3.11) 1.88 (1.15-3.08) 1.85(1.13-3.03) 1.92(1.17-3.14) 1.84(1.12-3.02)
within 90 days 089 (0.65-1.22) 0.91(0.66-1.24) 0.96 (0.70-1.33) 0.96 (0.70-1.31) 0.95 (0.69-1.31) 0.97 (0.71-1.33) 0.99 (0.72-1.36)
Major event 0.74(0.40-1.38) 0.78 (0.42-1.46) 0.82 (0.44-1.52) 0.81(0.44-1.51) 0.82(0.44-1.52) 0.82(0.44-1.53) 0.87 (0.46-1.61)
Overall death
(n=81938)
Systemic infection
early 3.47 (2.88-4.16) 2,05 (1.71-2.47) 1.93 (1.61-2.33) 1.82(1.52-2.19) 1.80 (1.50-2.17) 1.83 (1.52-2.21) 1.79 (1.49-2.15)
within 90 days 2.20(1.97-2.45) 1.87 (1.68-2.08) 1.55(1.39-1.72) 1.48 (1.33-1.65) 1.47 (1.32-1.64) 1.45(1.30-1.62) 1.47 (1.32-1.64)
Major event 2.97 (2.52-3.51) 1.95 (1.65-2.30) 1.64 (1.39-1.94) 1.61(1.37-1.91) 1.58 (1.34-1.86) 1.62(1.37-1.91) 1.62 (1.37-1.91)
Breast cancer-
specific death
(n=281938)
Systemic infection
early 2.99 (2.18-4.10) 2.22 (1.62-3.05) 1.87 (1.36-2.57) 1.84(1.34-2.52) 1.82 (1.32-2.49) 1.88 (1.37-2.59) 1.86 (1.35-2.55)
within 90 days ~ 2.17 (1.82-2.58) 1.98 (1.67-2.36) 1.25 (1.05-1.49) 1.25 (1.05-1.49) 1.24 (1.04-1.48) 1.25(1.05-1.48) 1.27(1.06-1.51)
Major event 2.10(1.54-2.86) 1.73(1.27-2.36) 1.20 (0.88-1.64) 1.19 (0.87-1.62) 1.16 (0.85-1.58) 1.20 (0.87-1.64) 1.19 (0.87-1.62)
m2: for (age, year of surgery and region of residence); M3: + disease characteristics (T stage, subtype, N stage and histological tumor type); Ma: + comorbidity
(can; ms: (country of birth, of education and family income); M6: primary treatment, final gery and number of surgeries); M7: +

oncological treatment (RT, chemotherapy, endocrine therapy and anti-HER2 therapy). CCl Charlson comorbidity index; RT Radiotherapy

After adjustment, patients who experienced another major event did not ex-
hibit a significantly higher risk of systemic recurrence (HR 1.24, p = 0.074),
LRR (HR 0.87, p = 0.650), or breast cancer-specific death (HR 1.19, p =
0.286). However, they did demonstrate a significantly increased risk of overall
death (HR 1.62, p <0.001) (Table 8). This significant association persisted in
the sensitivity analysis (HR 1.62, p <0.001).
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8 Discussion

&.1 Breast cancer and SSI

Breast cancer is the most frequently diagnosed malignancy and the leading
cause of cancer-related mortality among females globally, with an estimated
2.3 million new cases and 685,000 deaths in 2020 (200). In most cases, breast
cancer is a treatable condition, with survival rates continuing to improve due
to advancements in screening and treatment (201). The majority of breast can-
cer patients undergo surgery at some stage of their treatment. Complications
specific to breast surgery can negatively impact quality of life, lead to recon-
struction failure, delay the administration of adjuvant therapies and increase
healthcare costs. One study suggests an incremental cost of over $4,000 US
per patient in the event of an SSI (152) The most common postoperative com-
plication is seroma, followed by SSI, and chronic neuropathic postoperative
pain (146, 149, 150). Many of these wound complications are relatively minor
and typically managed on an outpatient basis, making it challenging to deter-
mine precise incidence rates. Consequently, the reported postoperative SSI
rates after breast cancer surgery vary widely, often ranging from 0% to 26%
(143-145, 149). The reason for this variation is likely due to differing defini-
tions of SSI and varying lengths of follow-up periods. In Study I, 14.2% of
patients suffered an SSI within 90 days of surgery and in Study III, the rate
was 15.7%. Within 30 days, 9.3% had an SSI in Study I, and 9.5% in Study
III. These findings are thus, in accordance with the existing literature (143,
145, 149). Major SSI, requiring readmission or additional surgical interven-
tion is reassuringly low at 1.3% within 90 days of surgery in Study I1I. Despite
a clear definition in Study I, it was challenging to determine retrospectively
from medical records whether an SSI had occurred. The more precise defini-
tion of SSI and the prospective data collection in Study II increased the relia-
bility of the SSI data. The definition in Study III is broad, and although anti-
biotic prescriptions were defined as starting from day 3 after surgery, some
patients will be classified as having had an SSI even though they received
antibiotics prophylactically. Additionally, some patients may have been pre-
scribed flucloxacillin or clindamycin for infections other than SSI. However,
our definition must be considered adequate based on the proportion of patients
classified as having had an SSI.
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8.2 Risk factors for SSI

In the unadjusted analysis of Study II, risk factors for SSI included a BMI >
25, oncoplastic BCS, reoperation within 24 hours, and surgery duration of 90-
120 minutes. However, in the adjusted analysis, only a BMI > 25 remained a
significant risk factor, although there was a trend towards increased SSI fol-
lowing oncoplastic BCS (HR 2.02, p = 0.084). While obesity (BMI > 30) is a
well-known risk factor for SSI (146, 148-150, 158), Study II indicates that
even being overweight (BMI 25-30) is associated with a doubled risk of SSI.

Several previously identified risk factors for SSI were not significant in Study
I1. Although age, diabetes, and smoking are known to influence SSI rates (146,
149-151), the current study found that age and smoking were not significant
risk factors. However, there was a trend towards a higher risk of SSI in patients
with diabetes. A meta-analysis revealed that smoking was not a significant
risk factor for SSI, whereas diabetes was (148). Despite numerous studies sug-
gesting that smoking is a risk factor for SSI (146, 147, 149-151), evidence
remains conflicting. In Study II, only 73 patients were current smokers, which
may have influenced the lack of correlation between smoking and SSI.

Previous studies have demonstrated an association between ALND and SSI
(155, 198). However, this correlation was not observed in the Study II cohort.
In our earlier study involving a cohort from 2009 and 2010, the incidence of
SSI was three times higher for breast surgeries that included ALND compared
to those without (198). This discrepancy may be attributed to changes in clin-
ical protocols for antibiotic prophylaxis, which were administered to all pa-
tients undergoing ALND in the later period, whereas only a few selected cases
received such prophylaxis in the 2009-2010 period. The absolute percentage
of patients with SSI following ALND was 22.2% (39/176) in the 2009-2010
cohort compared to 9.9% (11/111) in the Study II cohort.

The frequency of SSI was low (<10%) for BCS, particularly for doughnut
mastopexy, despite the absence of antibiotic prophylaxis. In contrast, the SSI
frequency was significantly higher for oncoplastic BCS, with mastectomy
alone exhibiting the highest SSI rate. The elevated SSI rate in the mastectomy-
only group was likely influenced by confounding factors, as the most fragile
patients, unsuitable for reconstruction and/or axillary surgery, were selected
for mastectomy alone according to clinical routine. Additionally, patients un-
dergoing reconstruction and/or ALND received antibiotic prophylaxis, which
was not administered to those undergoing mastectomy alone.

In Study II1, obesity was identified as a risk factor for SSI, consistent with the

findings of Study II. The study also found that more extensive surgeries, such
as mastectomy +/-IBR and ALND, increased the risk of SSI. Furthermore, the
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age group of 40-65 years was a risk factor, possibly due to the higher preva-
lence of oncoplastic surgery and reconstructions in this demographic. Unfor-
tunately, smoking data were not available in the NKBC during the period stud-
ied. However, we found that patients with lower family income had an in-
creased risk of SSI, and smoking rates are higher among individuals with
poorer socioeconomic conditions (202). Thus, smoking is likely a contributing
factor to the higher SSI risk observed in patients with lower family income.
We did not examine diabetes separately but used the CCI, which includes di-
abetes. Not surprisingly, a higher CCI index was a risk factor for SSI. Further-
more, there were regional differences in SSI rates, which could be partially
explained by the varying frequencies of different surgical procedures across
regions. Other risk factors for SSI identified in Study III were reoperations,
higher T- and N-stage and breast cancer subtypes other than luminal A. Many
of these are known risk factors for SSI (146, 148, 149, 151, 203). The reason
we were able to identify multiple risk factors for SSI in Study III compared to
Study II is probably partly due to the lager number of variables examined and
partly because the larger cohort size allowed for the testing of additional var-
iables.

8.3 Wound complications and risk factors

In Study II, the wound complication (SSI, wound dehiscence, skin necrosis,
haematoma requiring surgery, flap failure) frequency was 13.4% within 30
days of surgery, with the highest rates among patients undergoing mastectomy
(19.5%) and mastectomy +IBR (32.4%). Despite the difference in the defini-
tion between the two studies, 14.5% suffered any local complication (SSI,
bleeding/wound/unspecified local complication) within 30 days of surgery
and 21.1% within 90 days in Study III. Since Study II was a prospectively
registered study, the definition of any local complication in Study III seems
adequate.

Risk factors for wound complications in Study II include BMI > 25 and mas-
tectomy, particularly when combined with IBR (which carried a risk more
than 4 times higher than that for BCS). In reconstructive and oncoplastic sur-
gery, extensive tissue manipulation is common, which can compromise the
blood supply to the flaps, leading to necrosis and flap dehiscence (146). Proper
surgical technique, grounded in adequate training and knowledge of flap blood
supply, is essential to prevent these complications. Reoperation for surgical
bleeding is more frequent after mastectomy than after BCS (160). Seroma is
also more common after mastectomy than BCS (204). Haematoma and seroma
are known risk factors for SSI (148) and likely contribute to other wound com-
plications, increasing the risk of such complications after mastectomy.
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Therefore, achieving adequate haemostasis, handling tissue gently, and clos-
ing the incision without tension are crucial to avoid complications.

Given that excess weight is the sole modifiable significant predictor for the
onset of SSI or wound complications following breast cancer surgery, it be-
comes imperative to incorporate this factor into preoperative discussions with
affected women. It is crucial for patients to understand that a BMI exceeding
25 may elevate their susceptibility to postoperative complications, potentially
delay the initiation of adjuvant treatment (158) and possibly even increase the
risk for breast cancer recurrence (145, 153-156). The probability of encoun-
tering such complications escalates in tandem with increasing obesity levels.
For individuals grappling with overweight or obesity issues, delayed recon-
structive surgery after targeted weight reduction presents a viable strategy
worth considering. In cases where BCS is feasible, opting for mastectomy may
not be advisable due to a higher incidence of postoperative complications, and
moreover, some studies even suggest that the oncological outcome is worse
(3, 45-49).

8.4 Antibiotic prophylaxis

Administering antibiotic prophylaxis for breast cancer surgery was recom-
mended in the 2010 report by the Swedish Agency for Health Technology
Assessment and Assessment of Social Services (SBU) regarding antibiotic
prophylaxis in surgical procedures (205). The conclusions drawn in the report
are based on studies from various parts of the world, where infection issues
and patterns often differ from those in Sweden (144). The SBU project group
called for data from Swedish studies. At that time, antibiotic prophylaxis was
only administered to patients at increased risk for SSI (after NAC, before re-
operation, during reconstruction, and in the presence of other specific patient
risk factors). Following the review of medical records, which formed the basis
for Study I, antibiotic prophylaxis was started at Uppsala University Hospital,
for patients undergoing ALND due to the high infection risk (13% for BCS +
ALND and 22.8% for mastectomy + ALND). Following a quality review of
breast cancer surgeries conducted in Uppsala in 2014 and 2015, antibiotic
prophylaxis was also started for surgeries expected to last more than 90
minutes, as longer operation times were observed to increase the risk of SSI.
Because of the short half-life of cloxacillin, an additional dose was recom-
mended if surgery was still ongoing after 90 minutes. After Study I, antibiotic
prophylaxis was also recommended for patients with BMI > 25.

One plausible explanation for the higher risk of SSI in patients with BMI > 25

is that being overweight or obesity may result in reduced effectiveness of
prophylactic antibiotics due to the increased body mass, as antibiotic
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penetration into adipose tissue is relatively poor (206). For instance, Olsen et
al. have demonstrated that receiving a suboptimal dose of prophylactic antibi-
otics is associated with a 5.1-fold increase in the likelihood of developing SSI
in breast surgeries (147).

In Sweden, there is no standardised protocol for antibiotic prophylaxis in
breast cancer surgery. Different regimens are used, from antibiotic prophy-
laxis administered to all patients undergoing breast operations, including those
for benign lesions, to antibiotic prophylaxis only to selected patients. Some
hospitals administer per oral prophylaxis, whereas other hospitals administer
intravenous prophylaxis.

A study by Xue et al. found that the efficacy of antibiotic prophylaxis in pre-
venting SSIs was not statistically significant (148). Furthermore, in the PAUS
study (RCT), there was no significant reduction in SSI at 30 days post-breast
cancer surgery in patients who received a single dose of antibiotic prophylaxis
preoperatively (163). Conversely, a cohort study indicated a substantial reduc-
tion in SSIs when antibiotic prophylaxis was administered exclusively to pa-
tients at high risk (207). When controlling for confounding variables, it was
observed that antibiotic prophylaxis led to an 81% decrease in the risk of SSIs
among high-risk breast cancer surgery patients. Penel et al. recommend re-
serving antibiotic prophylaxis for cases where patient-specific risk factors are
present rather than employing it as a standard practice. Study II suggests that
patients with a BMI > 25 and those undergoing oncoplastic breast surgery may
derive the most benefit from antibiotic prophylaxis. This is in addition to pre-
viously recognized risk factors such as obesity, NAC, reoperation, reconstruc-
tion, ALND, surgeries exceeding 90 minutes in duration, and other specific
patient risk factors.

8.5 Association between complications and oncological
outcomes

In Studies I and III, SSI was not significantly associated with systemic recur-
rence or LRR. In Study III, SSI was associated with worse OS, but not with
BCSS.

Study III does not conclusively rule out an elevated relative risk of systemic
recurrence below 8%, which corresponds to an absolute risk difference of
0.8% - 1.6% when the estimated risk of recurrence is between 10% and 20%.
However, this potential risk difference is considered small from a clinical per-
spective. Conversely, other research has indicated a significantly greater rela-
tive risk for systemic recurrence in patients who have suffered an SSI after
breast cancer surgery. Notably, Murphy et al. (155) identified a more than
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twofold increase in the risk for systemic recurrence in patients with wound
complications compared to those without, with a HR of 2.52 (1.69-3.77). Sim-
ilarly, Beecher et al. (154) reported a sixfold increased risk for breast cancer
recurrence (HR 6.15 (3.33-11.33) in patients with SSI following IBR. Never-
theless, given the findings at hand, it is improbable that such an elevated risk
for systemic recurrence after SSI following breast cancer surgery would apply
to the general population of breast cancer patients.

Although the adjusted analysis was non-significant, the unadjusted analysis
indicated a higher risk of systemic recurrence in patients with SSI, suggesting
that confounding factors may influence the risk of recurrence. ALND is a
well-known risk factor for SSI (198, 203), and axillary lymph node metastasis
also increases the risk of systemic recurrence (124). Therefore, this is likely
an important confounding factor. In the study by Murthy et al., all patients
underwent ALND, whereas in the current studies, most patients underwent
SNLB only, which may influence the results. Murthy et al. and Beecher et al.
also used the Nottingham Prognostic Index (good, intermediate, and poor),
calculated from NHG (1, 2, or 3), N-status (no positive nodes = 1, 1-3 nodes
= 2, and >3 nodes positive = 3), and tumour size (0.2 x size in cm), while the
current studies calculated these predictors individually. Interestingly more ad-
vanced breast cancer subtypes increased the risk of SSI in Study III, which
may be another confounding factor influencing the risk of systemic recurrence
since more advanced subtypes are associated with worse prognosis. It is cru-
cial to adjust for potential confounders affecting both the risk of SSI and on-
cological outcomes to reduce the risk of overestimating the influence of com-
plications. Many of the published studies are relatively small and limited by
missing data when performing multivariable adjustments, increasing the risk
of uncontrolled confounding (153-156). The definition of complications and
the length of follow-up also vary between studies, leading to diverse results.
Moreover, several published studies have shown no relationship between
complications and oncological outcomes (158-161, 198).

In Study III, SSI exhibited an increased unadjusted absolute 5-year risk for
all-cause death of 2.8% (2.3 — 3.2). This finding aligns with another large
Swedish population-based registry study, which reported a 5-year all-cause
death rate that was 6.2% (4.6 - 7.8) higher in patients experiencing major local
complications (bleeding, wound complication, SSI and/or unspecified local
complications in connection with the initial surgery or requiring readmission)
within 30 days of breast cancer surgery (157). In that study, 3.2% suffered a
major local complication within 30 days after surgery, compared to 3.9%
within 90 days and 2.8 % within 30 days after surgery in Study III. Both stud-
ies demonstrated that more extensive surgery was significantly associated
with a higher rate of local complications. Moreover, patients with postopera-
tive complications had a higher comorbidity burden, likely impacting OS.
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Local major complications were associated with all-cause death in both stud-
ies. In Study III, the association between SSI/major local complications and
OS did not remain significant in the sensitivity analysis, possibly due to deaths
from other cancers (competing causes of death). It is plausible to speculate
that postoperative complications after breast cancer surgery could activate
dormant micro metastases from other cancers, leading to poorer oncological
outcomes. The HR for all-cause death was nearly identical in the sensitivity
analysis (SSI: 1.05/major local complications: 1.09) compared to the entire
cohort (SSI: 1.06/major local complications: 1.11), indicating a potential
power issue. Nonetheless, there is no substantial difference in OS between
patients with and without SSI/major local complications.

Patients who experienced an SSI had a significantly longer time to the initia-
tion of adjuvant RT, regardless of whether they received adjuvant chemother-
apy. This is important, as evidence suggests that delays in cancer treatment
can negatively impact oncological outcomes, with longer delays further exac-
erbating the prognosis (164-166).

Bleeding or wound complication was not significantly connected with any of
the outcomes in Study III. This is in line with another large Danish registry
study, which also showed no correlation between reoperation for bleeding af-
ter breast cancer surgery and breast cancer recurrence (160).

In Study I1I, 1,663 patients (2.0 %) suffered an unspecified local complication
within 90 days of surgery. The definition includes patients who have experi-
enced complications from implants, accidental punctures or injuries during
surgical procedures, foreign bodies inadvertently left in the surgical wound
after surgery, other specific complications related to surgery not classified
elsewhere, nonspecific procedural complications, and additional reoperations
on the mammary gland. Interestingly, patients who experienced an unspeci-
fied local complication within 90 days of surgery had an increased risk of sys-
temic recurrence (HR 1.22 (1.06-1.40)). This may be because these complica-
tions more frequently lead to delayed initiation of oncological treatment. Un-
fortunately, since we do not have data on time to chemotherapy, this cannot
be confirmed in the current study. Another theory is that many of these com-
plications were classified as major (35% (590/1,663)) compared to SSI, where
only 8.3% (1,072/12,875) of infections were classified as major. It is reason-
able to assume that a major complication induces a significantly greater in-
flammatory response.

There are data that support a link between cancer and inflammation. It is esti-
mated that 20% of all cancer-related deaths are associated with infection and
inflammation (167, 208). The relationship between inflammation and cancer
is now widely accepted (167, 168, 208). Inflammatory cells contribute to
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tumour progression through various mechanisms, including the secretion of
growth factors, the enhancement of angiogenesis and lymph angiogenesis, the
induction of DNA damage, and remodelling of the extracellular matrix to aid
in invasion. These cells also facilitate the dissemination of tumour cells by
coating them with receptors that allow for their transport through lymphatic
channels and capillaries, while helping them to evade host defence mecha-
nisms (168). Therefore, a postoperative complication, with its associated in-
flammatory response, could theoretically activate subclinical micro metasta-
ses and promote cancer recurrence. This hypothesis is corroborated by evi-
dence from other malignancies, which have shown that postoperative infec-
tious complications are associated with worse survival outcomes (183-185).

8.6 Systemic infection/other major event and
association with oncological outcomes

In Study I, 10% of the patients suffered an infection other than SSI within 90
days of surgery. In Study IV, 14.5% suffered a systemic infection within 90
days of surgery and 4.3% within 30 days of surgery. The likely reason for this
discrepancy is that in Study IV, the search was conducted using diagnostic
codes and/or records of antibiotic prescriptions, whereas Study I involved a
review of medical records carried out locally in the province of Uppland. This
means that patients who sought care for a systemic infection in other provinces
were not identified. In Study IV, 1.8% had a major systemic infection within
90 days of surgery, whereof 0.4% were within the first 30 days.

In Study I, infection other than SSI was not associated with the rate of sys-
temic recurrence or LRR on unadjusted analysis and further multiple testing
was not performed.

In the nationwide Study IV, experiencing a major systemic infection within
90 days was associated with higher rates of systemic recurrence (HR 1.23, p
=0.003), overall death (HR 1.47, p <0.001), and breast cancer-specific death
(HR 1.27, p = 0.008). Early systemic infection was even more clearly associ-
ated with the aforementioned outcomes (systemic recurrence (HR 1.66, p <
0.001), overall death (HR 1.79, p < 0.001), and breast cancer-specific death
(HR 1.86, p <0.001)) and was also linked to LRR (HR 1.84, p=0.015). How-
ever, any systemic infection within 90 days was only significantly associated
with higher rates of overall death (HR 1.10, p < 0.001). It appears that only
major infections are linked to worse oncological outcomes, whereas simpler
infections with a lesser inflammatory response do not affect prognosis. This
observation aligns with a previously published Swedish study by De Boniface
et al. (157), who found that patients with major postoperative local
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complications within 30 days of surgery had poorer overall and BCS survival.
Moreover, in Study III, SSI did not increase the risk of recurrence or death.
However, we observed that patients with unspecified local complications had
a higher risk of systemic recurrence (HR 1.22, CI 1.06 - 1.40). And as de-
scribed above, unspecified complications were classified as major considera-
bly more frequently than SSI (35% versus 8%). It is reasonable to assume that
major complications lead to a significantly greater inflammatory response,
contributing to poorer outcomes.

Another factor could be that major complications more frequently delay adju-
vant oncological treatment. In Study IV, patients with major systemic infec-
tions had a significantly longer time to RT compared to those without major
systemic infections. Unfortunately, data on the time to chemotherapy were
lacking, but it is reasonable to assume that chemotherapy may also need to be
postponed due to major systemic infections. Furthermore, it is unfeasible to
control for all variables (residual confounding). These patients may have an
inherent susceptibility to postoperative infections, which could also affect
their diminished effectiveness or suboptimal response to adjuvant therapy, ul-
timately resulting in poorer oncological outcomes.

It has been suggested that the perioperative period is critical in determining
oncological outcomes (179-182). During this short period, factors such as
heightened stress, inflammatory responses, and pro-angiogenic or growth fac-
tors may contribute to the advancement of pre-existing micro metastasis (171,
182). Adjuvant oncological treatment, aimed at eradicating residual micro-
scopic disease and reducing the risk of recurrence and death (79), is typically
initiated no earlier than one month after surgery due to concerns about wound
healing. Data support the fact that delays in adjuvant treatment increase the
risk of recurrence and death (164, 166, 209), and postoperative complications
may result in delayed adjuvant treatment (158), as seen in Studies III and I'V.
Conversely, major systemic infections predominantly affect the elderly and
patients with comorbidities, who often do not receive the most effective adju-
vant treatment, which could potentially contribute to a higher risk of recur-
rence and death. Furthermore, one can speculate whether the systemic inflam-
matory response to a major systemic infection may affect residual microscopic
disease, and potentially facilitate recurrence.

Surprisingly, in Study IV, patients with any early systemic infections not only
had an increased risk of overall death (HR 1.18 (1.10-1.28), but also a higher
risk of LRR (HR 1.37 (1.16-1.61). Patients who experienced a systemic infec-
tion within 30 days of surgery had an increased unadjusted absolute 5-year
risk for LRR of 1.4% (0.7-2.2) and a 10-year risk of 1.7% (0.5-3.2). This cor-
responds to a relative risk increase of 38% for a 5-year LRR. The likely reason
for the discrepancy between the results in Studies [ and IV is the difference in
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cohort size, which resulted in far fewer LRR events in Study I (26 patients
compared to 2,770 in Study 1V). Additionally, the ability of a registry study
to identify the majority of patients affected by infections other than SSI may
also have contributed. It can be speculated that the systemic inflammatory re-
sponse to a systemic infection may influence residual microscopic disease,
potentially promoting LRR. Moreover, the observed association in this study
between any early systemic infection and LRR, unlike the relationship be-
tween SSI and LRR noted in Studies I and III, could be due to the significantly
more extensive systemic inflammatory response following conditions such as
pneumonia, compared to SSI. Additionally, defining SSI is challenging, and
it is likely that some patients classified as having SSI may not actually have
the condition, whereas diagnoses of systemic infections like pneumonia are
generally more reliable. The finding that only early systemic infection is as-
sociated with LRR reinforces the theory that the perioperative period is crucial
for prognosis.

In Study IV, 0.6% suffered other major events within 90 days of surgery, con-
firming that serious complications and major events following breast surgery
are uncommon. According to previous data, both the mortality rate and the
risk of thromboembolism are less than 1% (210, 211). In Study IV, other major
events were not associated with systemic recurrence, LRR or breast cancer-
specific death, but were associated with overall death (HR 1.62 (1.37-1.91)).
The observation that patients experiencing a systemic infection or other major
event exhibit reduced OS, even after adjustments, may appear self-evident.
This is because the likelihood of such events increases with advancing age
(212-215), and these events can be life-threatening.

To more clearly understand how different variables influenced the outcomes,
a stepwise adjustment was conducted in Study IV, similar to the approach used
in de Boniface’s study (157). In addition to the variables adjusted for in Study
111, we included the year of surgery and histological tumour type. Furthermore,
we added oncological treatments (RT, chemotherapy, ET and anti-HER2 ther-
apy) at the final stage of the adjustment model. In Study III, we chose not to
include oncological treatments because they are determined by disease and
surgical factors. As shown in the Table 8, there is essentially no difference
between Model 6 and Model 7, which supports the concept that treatment fac-
tors do not add additional explanatory power.

To the best of our knowledge, no studies prior to those in this thesis, have
investigated whether systemic infection or other major event, (stroke, pulmo-
nary embolism and/or myocardial infarction) affects oncological outcome af-
ter breast cancer surgery. Breast cancer recurrence can manifest after latency
periods that span from years to decades. One hypothesis explaining these la-
tency periods is cancer dormancy, a phase in cancer progression during which
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residual disease exists but remains asymptomatic (176-178). It has been sug-
gested that the perioperative period is a critical window influencing the risk
of recurrence (179). Surgical procedures suppress cell-mediated immunity
through both local and systemic physiological responses. This immunosup-
pression, often referred to as ‘surgical stress’, along with tissue damage, trig-
gers the activation of the sympathetic nervous system and the endocrine stress
response. Additionally, tissue damage induces the local release of prostaglan-
dins and catecholamines as part of the inflammatory response (171, 174, 175,
179). The severity and duration of immunosuppression are directly propor-
tional to the extent of the surgery, i.e. the degree of tissue damage (175) and
it may take weeks to months for the immune system to fully recover. During
this period, patients are more susceptible to potentially life-threatening infec-
tions such as pneumonia and sepsis (175). Given these considerations, it is
theoretically possible that postoperative complications, such as systemic in-
fections, pulmonary embolism, stroke, or myocardial infarction, could stimu-
late subclinical micro metastases and promote recurrence due to their second-
ary inflammatory response (168, 216). These considerations and this hypoth-
esis prompted the investigation in Study IV.

8.7 Strengths and limitations

Currently, there is no universally accepted gold standard for diagnosing SSI.
A review by O’Conner et al. highlighted significant variation in the criteria
used to define SSI, with 45% of the studies not defining it at all (145). The
main strength of Study II is that it is prospective and the SSI definition is clear,
as was also the case in Study I. Another strength of Study I is its relatively
long follow-up period for all cases, which is longer compared to other studies
on this topic (154, 155, 159). One limitation of Studies I, II and III is the po-
tential underestimation or overestimation of the true incidence of SSI due to
the absence of wound cultures in many cases. Although Study II recom-
mended obtaining wound cultures, it was sometimes challenging to establish
a clear SSI diagnosis. For instance, in cases of fever and erythema of the breast
without discharge or seroma, a wound culture was not possible. Consequently,
not all patients underwent a wound culture. In Study II, wound cultures were
taken in 59.1% (n=39) of patients with a clinical SSI diagnosis, and 64.1%
(n=25) of these had a positive culture. This rate is higher compared to the
review by O’Conner et al., where only 10% of the studies used a culture-pos-
itive result to establish an SSI (145). Another limitation is that tests for Lpk or
CRP were not routinely conducted. These tests could potentially aid in the
diagnosis of SSI. However, due to logistical constraints in the outpatient
clinic, they were rarely performed. Despite these limitations, the frequency of
SSI in Study II is likely more reliable due to its prospective design.
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Furthermore, the relatively consistent frequency of SSI across the studies sup-
ports the validity of our SSI definitions. Regarding Study II, seroma was un-
fortunately not assessed using any validated or quantitative methods, such as
ultrasound, during the study period. The patient charts/forms contained an un-
reasonably low number of seroma diagnoses, rendering this data unreliable.
Consequently, it was not feasible to analyse seroma formation, which repre-
sents an additional limitation of the study.

The primary strengths of Studies III and IV include the large cohort size and
the national, population-based setting with high-validity registries, which pro-
vide nearly complete coverage and follow-up. Additionally, the availability of
comprehensive data on numerous potential confounders allowed for thorough
adjustments in the multivariate analysis. However, these studies also have lim-
itations, such as the lack of information on smoking habits, alcohol consump-
tion, BMI, time to adjuvant chemotherapy, and the use of prophylactic antibi-
otics. Another potential limitation is the under-reporting of systemic and LRR
in the registers, which could lead to an underestimation of the true recurrence
rate. Nevertheless, in Studies III and IV, with a median follow-up of 4.8 years,
9.6% of patients developed a systemic recurrence. This aligns with a previous
Swedish study where 7.5% of breast cancer patients diagnosed between 2009
and 2016 experienced a systemic recurrence (217). This supports the adequacy
of recurrence reporting in the current study. With regard to LRR, breast cancer
patients undergoing BCS in the MINDACT trial had an 8-year cumulative
LRR incidence of 3.2% (range 2.7-3.7%) (218), compared to 3.7% in Studies
IIT and IV with a median follow-up of 4.5 years. These findings, along with
the observation that the proportion of systemic and locoregional recurrences
was approximately the same across the entire cohort as in the Stockholm/Got-
land region, further validate the adequacy of recurrence reporting in the cur-
rent studies. However, it should be noted that the median follow-up period is
relatively short, given the ongoing risk of late recurrences in oestrogen recep-
tor-positive breast cancer (108, 197).

Furthermore, since the incidence of SSI noted in the current studies is in line
with previously published studies (143, 145), the present SSI definition is con-
sidered adequate. However, for patients undergoing reconstruction, the SSI
definition in Study III may be less reliable, as those with primary implant-
based reconstruction are likely to receive prolonged antibiotic prophylaxis or
treatment even with ambiguous SSI symptoms.

The shorter-than-expected median follow-up period and the lower recurrence
rates than anticipated in the power calculation (Study III) should be taken into
account. However, a post-hoc analysis of the sample size revealed a higher
SSI rate (15.7%) than initially expected (10%).
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Finally, a limitation of registry studies is the inability to definitively establish
causal relationships. However, not all research questions can be adequately
addressed through RCTs (219). We believe that a large registry study, such as
Studies III and IV, which allows for the adjustment of important confounders,
provides the best possible evidence for our research question.
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9 Conclusions

In conclusion, this thesis shows no association between SSI following breast
cancer surgery and systemic recurrence or death. However, it suggests that
major postoperative systemic infections are associated with a higher risk of
recurrence and death in breast cancer.

Study-specific conclusions:

I) Neither SSI nor other infections following breast cancer surgery
are associated with increased risk of LRR or systemic breast
cancer recurrence. Instead, factors associated with both SSI and
recurrence may account for the correlation observed in previous
studies.

1) BMI > 30 is a significant risk factor for SSI and other wound
complications. However, even a BMI between 25 and 30 is linked
to a doubled risk of SSI and wound complications. Both mastec-
tomies +/-IBR, are risk factors for wound complications.

111) SSI following breast cancer surgery does not significantly impact
the risk of systemic recurrence, LRR, overall death or breast can-
cer-specific death. However, unspecified local complications are
associated with a higher risk of systemic recurrence. Risk factors
for SSI include age 40-64 years, obesity, higher CCI scores, low
family income, larger tumours, lymph node metastases, non-lu-
minal A subtypes, extensive surgeries, and region of residence.

V) Major systemic infection within 90 days of surgery is associated
with increased risk of systemic recurrence, overall death, and
breast cancer-specific death, but not with LRR. Other major
events are only associated with overall death.

72



10 Future perspectives

Understanding the risk factors for SSI and other wound complications follow-
ing breast cancer surgery is crucial for developing prevention strategies, im-
proving outcomes, and reducing morbidity and costs in breast cancer patients.
Antibiotic prophylaxis should be administered on an individual basis and tai-
lored to the needs of overweight or obese patients to ensure adequate tissue
levels. The data from this dissertation form the basis for the guidelines on an-
tibiotic prophylaxis in breast surgery currently being developed at Stockholm
South General Hospital. These guidelines will subsequently be discussed fur-
ther in the Stockholm region.

Prioritizing the principle of surgical de-escalation is essential: opting for BCS
over mastectomy when both options are viable, utilizing NAT to facilitate
BCS, and choosing TAD instead of ALND. Additionally, careful patient se-
lection for IBR and oncoplastic BCS is of utmost importance.

The finding that SSI, one of the most common complications after breast can-
cer surgery, does not seem to be associated with worse oncological outcomes
has important clinical implications. It reassures both patients and physicians
that the risk of systemic recurrence after SSI is not increased to clinically rel-
evant levels and does not necessitate more aggressive adjuvant treatment or
follow-up. However, it remains essential to continue efforts to minimize local
complication rates to alleviate patient suffering. However, emphasis should
also be placed on minimizing systemic infections, and in case of an infection,
administering timely and appropriate treatment, which may potentially im-
prove outcomes. Future studies should investigate interventions to reduce the
risk of postoperative complications.

Several studies indicate that prophylactic wound treatment with negative pres-
sure wound therapy can reduce the risk of wound complications, particularly
for high-risk patients undergoing reconstruction or reduction mammoplasty
(220-227). While the positive effects of negative pressure wound therapy are
well-documented, there are no RCTs on high-risk patients undergoing com-
plex oncologic plastic breast surgery. To the best of our knowledge, negative
pressure wound therapy is not routinely used prophylactically for breast pa-
tients in Sweden. Therefore, we propose to investigate whether prophylactic
negative pressure wound therapy reduces wound complications for high-risk
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Swedish patients undergoing breast surgery. If proven effective, this method
should be used more frequently to reduce wound complications and alleviate
the suffering these complications cause our patients. Additionally, this would
lead to reduced healthcare costs and decrease the risk of delaying important
adjuvant treatments.

74



11 Svensk sammanfattning (Summary in
Swedish)

Brostcancer dr den vanligaste cancersjukdomen hos kvinnor i Sverige och
2022 diagnostiserades 8,486 kvinnor med brostcancer och 1,374 kvinnor dog
av brostcancer (5). Globalt insjuknade ca 2,3 miljoner kvinnor i brostcancer
2022 och 685,000 dog av brostcancer (200). Brostcancer hos mén ér ovanligt,
2022 insjuknade 57 (0,7 %) méin i Sverige (5).

Kirurgi ar oftast forstahandsbehandling vid brostcancer och majoriteten ope-
reras med brostbevarande kirurgi, men fortfarande opereras cirka en fjardedel
med mastektomi (borttagande av hela brostet), med eller utan direktrekon-
struktion. Stralbehandling, cytostatika, endokrin terapi, monoklonala anti-
kroppar och immunterapi anvédnds som tilldggsbehandlingar (228).

Den relativa dodligheten i brostcancer har minskat avsevért under de senaste
decennierna, framst pa grund av inférandet av generell mammografiscreening
och forbattrade kompletterande onkologiska behandlingar (229). Lokala ater-
fall i brostet eller lymfkortlarna har ocksa minskat och ligger nu pa cirka 0,5%
per ér. (33) En del patienter som upplever lokala éterfall kommer dven att
drabbas av fjarrspridning (metastaser), vanligast till lungor, lever, skelett och
hjarna (28, 133). Fjarrspridning av brdstcancer drabbar fran cirka 20 % av
patienterna i véstvirlden till cirka 50% i vissa delar av Afrika (133). Ungefar
var fjarde patient som far aterfall berdknas do till foljd av sin brostcancer
(108). Den relativa fem- och tiodrsoverlevnaden for kvinnor i Sverige var éar
2021 92,8% respektive 87,8 % (137).

I Sverige genomgar ungefdr 92 % av de som drabbas av brdstcancer kirurgisk
behandling (230). Senaste artiondet har allt fler operationstekniker utvecklats,
bland annat for att minska antalet patienter som behdver ta bort hela brostet.
Onkoplastik kirurgi férenar tumoérkirurgi med plastikkirurgiska tekniker, for
att mojliggora borttagandet av stdrre tumorer och dndé kunna bevara brostets
form och symmetri och har blivit allt mer vanligt forekommande. Termen
onkoplastik myntades pa 1980-talet nir cytostatika och stralbehandling bidrog
till att mer konservativ kirurgi var mojlig vid avancerad brostcancer. Malet
var att 6ka livskvalitet och minska morbiditet (231).

75



Komplikationer efter brostkirurgi kan leda till simre livskvalitet, 5kad morbi-
ditet, 6kade sjukvardskostnader, fordrojd start av adjuvant behandling (onko-
logisk efterbehandling) och att en rekonstruktion gar forlorad. Den vanligaste
komplikationen efter brostkirurgi dr serom. Blodning, postoperativ sarinfekt-
ion och kronisk neuropatisk sméirta ar andra frekvent forekommande kompli-
kationer (146). Den postoperativa sarinfektionsfrekvensen efter brostcancer-
kirurgi varierar stort i litteraturen (0-26 %) (144, 145). Efter brostcancerki-
rurgi kan en sarkomplikation medfora forlangd tid till adjuvant behandling.
Denna fordrojning till onkologisk behandling kan péverka det onkologiska ut-
fallet negativt (164-166). Sarkomplikationer &dr &ven kostsamma och en studie
fran USA uppskattar kostnaden for en patient som drabbas av en postoperativ
sarinfektion till ca 4,000 dollar (152). Vidare finns det data som indikerar att
sarkomplikationer efter brostcancerkirurgi kan forsamra det onkologiska ut-
fallet (145, 153-157). Det finns séledes méanga skél till att efterstrdva att
minska sérkomplikationer efter brostkirurgi.

Redan 1863, upptickte Rudolf Virchow vita blodkroppar i malign vévnad och
drog slutsatsen att det finns ett samband mellan cancer och inflammation
(167). Denna teori har sedan dess fatt 6kat stod, och det uppskattas att cirka
20% av alla cancerrelaterade dodsfall dr associerade med infektion och in-
flammation (208). Sambandet mellan inflammation och cancer ar numera all-
mint accepterat (167, 168, 208).

Perioden runtomkring operationen har foreslagits vara kritisk for att bestimma
det onkologiska utfallet (179-182). Under denna korta tidsperiod kan flera fak-
torer, sdsom Okad stress, inflammatoriska reaktioner och pro-angiogena
och/eller tillvaxtfaktorer, bidra till utvecklingen av befintliga mikrometastaser
(171, 182). En postoperativ komplikation med dess inflammatoriska respons
kan teoretiskt stimulera subkliniska mikrometastaser och frimja aterfall.
Denna teori stdds av andra maligniteter dér till exempel infektion efter kolon-
canceroperation okar risken for dterfall (183). Infektiosa komplikationer efter
operation for hals- och magcancer korrelerar ocksd med samre utfall (184,
185). Aterfall av brostcancer kan utvecklas med latensperioder som striicker
sig fran ar till artionden. En teori om dessa latensperioder &r cancer dormancy,
ett stadium i cancerprogressionen dir kvarvarande sjukdom é&r ndrvarande
men forblir asymtomatisk (176-178). Adjuvant behandling som syftar till att
utrota kvarvarande mikroinvasiv sjukdom initieras vanligtvis tidigast en ma-
nad efter operationen och kan darfor ha begrinsad effekt pa de potentiellt sti-
mulerade mikrometastaserna orsakade av den inflammatoriska responsen pa
grund av komplikationer inom den forsta manaden. Patienter som drabbas av
postoperativa komplikationer har en risk for forlangd tid till adjuvant onkolo-
gisk behandling. Data indikerar att forseningar i cancerbehandling kan pa-
verka onkologiska utfall negativt, med langre forseningar som ytterligare for-
viarrar dessa negativa effekter (164-166) Att forstd riskfaktorer till
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komplikationer efter bréstcanceroperation dr avgorande for att utveckla in-
fektionsforebyggande strategier och forbéttra det kirurgiska och kanske dven
onkologiska utfallet (145, 153-157). Avhandlingen avser att undersoka om det
finns en association mellan komplikationer efter brostcancerkirurgi och onko-
logiskt utfall samt att undersoka riskfaktorer till komplikationer.

I Studie I var syftet att undersdka den foreslagna associationen mellan posto-
perativ sarinfektion efter brostcancerkirurgi och aterfall av brostcancer. Som
ett sekundart mal studerades dven en mdjlig koppling mellan nadgon postope-
rativ infektion (sdsom urinvégsinfektion eller lunginflammation) och &terfall
av brostcancer. Den forsta studien dr en populationsbaserad, retrospektiv ko-
hortstudie som inkluderade alla patienter som genomgick bréstcancerkirurgi
fran januari 2009 till december 2010 i Uppland. Data inkluderade patient-,
behandlings- och tumoéregenskaper, infektionsfrekvenser och utfall. Totalt in-
kluderades 492 patienter, med en medianuppfoljning pa 8,4 ar. Medelaldern
var 62 + 13 ar. Sjuttio (14,2 %) av patienterna drabbades av en postoperativ
sarinfektion och 49 (10,0 %) fick en annan infektion inom 90 dagar frén op-
erationen Totalt fick 26 patienter lokalt aterfall och 55 fjarrspridning av sin
brostcancer. Patienter som drabbats av postoperativ sarinfektion hade signifi-
kant 6kad risk for fjarrspridning i ojusterad analys, men detta observerades
inte 1 den justerade analysen. Daremot forblev storre tumorstorlek och lymf-
kortelmetastas signifikanta riskfaktorer for aterfall av brostcancer. Andra
postoperativa infektioner var inte associerade med aterfall. Sammanfattnings-
vis var varken postoperativ sarinfektion eller annan postoperativ infektion as-
socierade med sdmre onkologiskt utfall.

Studie II &r en prospektivt registrerad kohortstudie, med syftet att undersoka
riskfaktorer for srinfektioner och andra postoperativa sarkomplikationer efter
brostcancerkirurgi. Patienter som genomgick brostbevarande kirurgi eller
mastektomi i Uppsala mellan maj 2017 och maj 2019 inkluderades. Data in-
kluderade patient- och behandlings karakteristika samt infektions- och andra
sarkomplikationsfrekvenser. Studien omfattade 592 patienter som genomgick
707 ingrepp. Det forekom 66 (9,3%) sarinfektioner och 95 (13,4%) sérkom-
plikationer. Studien bekraftar att BMI > 30 &r en riskfaktor for sarinfektioner
och andra sarkomplikationer, men dven att BMI 25-30 &r associerat med en
fordubblad risk for sdrinfektioner. Mastektomi med eller utan omedelbar re-
konstruktion var bada riskfaktorer for sdrkomplikationer och det fanns en
trend for att onkoplastisk brostbevarande kirurgi var en riskfaktor for sarin-
fektioner.

Studie III och IV ir registerstudier dér vi anvinde oss av forskningsdatabasen
BCBaSe 3.0 (Breast Cancer DataBase Sweden), dir NKBC (Nationellt Kva-
litetsregister for BrostCancer) dr ldnkat till hdlso- och sjukvardsregister samt
demografiska databaser via socialstyrelsen, statistiska centralbyran och
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forsikringskassan. Patienter som genomgick kirurgi for primir brdstcancer i
Sverige fran januari 2008 till september 2019 inkluderades.

Det primira syftet med Studie III var att undersdka om postoperativ sarin-
fektion efter brostcancerkirurgi 6kar risken for fjarrspridning av brostcancer.
Sekundara syften var att bedoma péaverkan av sarinfektion pa risken for loko-
regionalt aterfall (LRR), brostcancer-specifik Gverlevnad (BCSS) och total
overlevnad (OS). For fullstandighetens skull registrerades dven andra lokala
kirurgiska komplikationer. Av de 82,102 patienter som inkluderades i studien,
drabbades 15,7% en sarinfektion och 21,1% av nagon form av sarkomplikat-
ion inom 90 dagar efter operation. Sarinfektion var inte signifikant associerad
med fjarrspridning, LRR eller BCSS efter justering for andra patient/behand-
ling/tumorfaktorer. Sarinfektion var daremot associerat med samre OS, men
den associationen forsvann i en analys som exkluderade alla patienter med
nagon form av cancer fore brostcancerdiagnosen. Som bifynd sag vi att pati-
enter som drabbats av ospecificerad sarkomplikation hade signifikant hogre
risk for fjarrspridning. Riskfaktorer for postoperativ sarinfektion inkluderade
alder 40-64 ar, fetma, komorbiditet (hogre CCl-index), 14g familjeinkomst,
storre tumorer, lymfkortelmetastaser, mer aggressiv tumor subtyp, omfattande
operationer och bostadsregion.

I Studie IV var syftet att utvérdera risken for fjarrspridning av brostcancer
efter allvarliga (major) systemiska postoperativa infektioner som krévde sjuk-
husinldggning (t ex sepsis eller lunginflammation) eller annan storre hindelse
(stroke, hjartinfarkt eller lungemboli). Studien undersokte &ven dessa hindel-
ser inverkan pd LRR, OS och BCSS. Av de studerade patienterna drabbades
1,8 % (1,461 patienter) av en allvarlig systemisk infektion inom 90 dagar efter
operationen, dir 0,4 % (348 patienter) drabbades inom 30 dagar. Dessutom
upplevde 0,6 % (516 patienter) en annan storre hindelse inom 90 dagar. En
allvarlig systemisk infektion inom 90 dagar efter operationen var signifikant
associerad med en 6kad risk for fjarrspridning samt total och brostcancer-spe-
cifik dodlighet. Patienterna som drabbades av en sadan infektion inom 30 da-
gar efter operationen hade dven en 6kad risk for LRR. Andra storre hindelser
visade sig endast vara signifikant associerade med 6kad total dodlighet.

Sammanfattningsvis stodjer inte denna avhandling hypotesen att postopera-
tiva sérinfektioner okar risken for aterfall eller dod. Det 4r sannolikt att andra
faktorer, som dr kopplade till bdde postoperativa sérinfektioner och aterfall,
bidrar till den association som tidigare studier har observerat. Ddremot iden-
tifierades en signifikant koppling mellan allvarliga systeminfektioner och
bade aterfall samt total och brostcancer-specifik dédlighet. Savitt vi vet har
effekterna av systeminfektioner eller andra storre hindelser efter brostcancer-
kirurgi inte studerats tidigare. Det verkar som att mindre infektioner, som har
en begrinsad paverkan péd det generella inflammationssvaret, inte paverkar
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prognosen. Men att, allvarligare infektioner och komplikationer, som har ett
storre generellt inflammationssvar, ar associerade med en hogre risk for ater-
fall och dod i brostcancer. Alla mdjliga atgarder bor vidtas for att minska fre-
kvensen av komplikationer och systeminfektioner efter brostcancerkirurgi,
dels for att minska det lidande dessa hiandelser orsakar véra patienter. Dels for
att detta leder till minskade sjukvardskostnader, minskar risken for att viktig
adjuvant behandling fordréjs, minskar forlusten av rekonstruktioner och moj-
ligen dven forbéttrar det onkologiska utfallet.
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