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 “the surgical treatment of breast cancer is not only an invasive physical intervention, but can 

represent a deep incision in a woman’s body image” 

          J.Heil. 2011 
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General introduction 

History of breast cancer surgery 
The earliest reference to the surgical treatment of a bulging tumor of the breast can be found in the 
‘Edwin Smith Surgical Papyrus”, a series of 48 medical case presentations dating from the 17th 
century Before Christ (B.C). After lying in a tomb in Thebes, Egypt, for over thousands of years, the 
papyrus was sold to the antiquities dealer Edwin Smith in 1862 from an Egyptian dealer named 
Mustafa Agha.  
 

 
Fig 1. Hieroglyphic plates VI & VII of the Edwin Smith Papyrus at the Rare Book Room, New York Academy of Medicine. 

 
The text was translated by James Hendry Breasted, director of the oriental Institute at University of 
Chicago and published in 1930.1 While other papyri from that time prevailed magic and mysticism, 
this papyrus is extraordinary because it instructs the physician to examine the patient and look for 
revealing physical signs that may indicate the outcome of the injury. The beginning of all cases is 
translated with ‘if thou examines a man’.  However, it was customary to use 'man' for both sexes. 
James Breasted translated ‘man’ out of the old Egyptian letter ‘s’. This letter ‘s’ could also more 
generally be translated to ‘human’, thus representing a male as well as a female.  
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Case 45 
 Examination: If thou examines a man having tumors on his breast (and) thou findest that swelling 
have spread over his breast; if thou puttest thy hand upon his breast upon these tumors, (and) thou 
findest them very cool, there being no fever at all therein when thy hand touches him; they have no 
granulation, they form no fluid, they do not generate secretions of fluid, and they are bulging to thy 
hand 
Diagnosis: Thou should say concerning hem:”One having tumors. An ailment with which I will 
contend.” 
Treatment: there is no treatment. If thou finds tumors in any member of a man, thou shal treat him 
according to these directions. 
Gloss*: “Bulging tumors on his breast.”  Means the existence of swellings on his breast, large, 
spreading and hard; touching them is like touching a ball of wrappings; the comparison is to a green 
hemat fruit, which is hard and cool under thy hand like touching those swellings which are on his 
breast.1 
*a gloss is a kind of additional explanation by the author of the papyrus 
 

 An important moment in history is the rise of nature philosophy around 600-500 B.C. Natural 
phenomena (and so illnesses) were not only attributed to the gods and myths, but were trying to be 
explained by logically reasoning. 

Hippocrates, who lived on the Greek island Kos around 400 B.C, is traditionally regarded as 
the founder of medicine and medical ethics. The Hippocratic Oath required high ethical standards 
from medical doctors and its principles are considered important in 
professional and ethical education of medical doctors even today. 
Hippocrates was the first to use the word ‘carcinoma’ to describe 
swellings that are characterized by progressive and uncontrolled 
unnatural growth. The tumors seemed to have tentacles, like the legs of 
a crab, reaching out and grasping normal tissues. Hence, he called the 
condition ‘καρκίνος’ (karkinos/carcinos), which is the Greek name for 
crab.  

Claudius Galenus was a Greek physician (129-157 B.C) born in 
Pergamon. He traveled extensively, exposing himself to a wide variety 
of medical theories and discoveries before settling in Rome. He revered 
Hippocrates and adopted his humoral theory of disease.  Humorism is 
the doctrine of the four temperaments (blood, yellow bile, black bile 
and phlegm) where cancer was considered a systemic disease. Galen 
proposed that a breast tumor is a coagulum of black bile that is 
normally removed during menstruation, an idea that also explains the 
increased frequency of breast cancer in postmenopausal woman. He 
was the first to promote clear margins and urged surgeons to excise a 
tumor in a surrounding circle in the region where it borders on the 

Fig 2. Claudius Galenus of Pergamon. 

11 
 

healing tissue. Galen used the word ‘oncos’ (Greek for swelling) to describe all tumors, reserving 
Hippocrates' term carcinos for malignant tumors.       

 
Middle ages 

The middle ages, a period of roughly 1000 years, amputation of the breast was depicted by 
the church as a form of torture in the story of St. Agatha, the patron saint of breast disease. Born in 
Sicily to a noble family, Agatha was a devout Christian who dedicated her virginity to God.  Pursued 
by Quintianus, a prefect or governor, she rebuffed his advances.  He had Agatha arrested for being a 
Christian and forced her to renounce Christ. She was tortured in prison, bein burned with red hot 
irons and her breasts cut off. Luckily St. Peter appeared in a vision and healed her at some point. Her 
tomb has been a place of miraculous healing since her death. During this period, many miraculous 
cures were attributed to saints. Faith healing by the laying on of hands was among the remedies, a 
practice that endured to recent times.  

 

Fig 3. Matyrdom of St. Agatha from Livre d’images de madame Marie Beglion (ca 1285). 
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Early modern period 
Although cases of breast cancer are documented throughout history, it is not until the 17th 

century when the understanding of the nature of breast cancer and the beginning of modern surgery 
were initiated.2 The surgeon Jean Louis Petit (1674-1750; Paris) recommended total removal of the 
breast and any enlarged axillary lymph nodes. This was written in his book, “Traité des maladies 
Chirurgicales, et des Opérations qui leur conviennent” which was not published until 24 years after 
his death.3 Not far away from Petit, the German Lorenz Heister (1683-1758), professor of anatomy 
and surgery at the University of Altdorf and Helmstadt, was aware of the prognostic implications of 
axillary lymph node enlargement and recommended removal of axillary lymph nodes for complete 
excision of the cancer in his writings “A general system of surgery in three parts”. 3 

 

 

 

 

 
 
Benjamin Bell (1749-1806), a surgeon at the Edinburgh Royal Infirmary, advocated a radical surgical 
procedure for all breast cancers. He gives a detailed description of the dissection of lymph nodes in 
his book ‘A system of surgery’ and precisely describes surgical techniques such as a pulling suture, 
which is still applied in modern surgery.4 
 

Fig 4. Illustration of a mastectomy in the 17th century from “a general system of surgery in three 
parts” by Lorenz Heister. By elevating the breast with large needles and treads, the breast was 
quickly amputated with a long knife.3 

13 
 

“Thus, when the glands in the armpit are affected, although they might frequently be pulled 
out by a hook, insinuated below the found skin at the sore in the breast, and made to penetrate one 
or more of the glands to be removed; yet it answers the purpose better in every respect, to lay the 
glands first bare by an inscision in the manner we have directed, and then to dissect them cautiously 
out with the scalpel. In the course of the dissection, a good deal of assistance may be obtained from 
passing a strong ligature thro’ the largest of the glands; by which the whole cluster with which it is 
connect may be considerably detached from the parts below, so as to admit of their being more easily 
cut out with the scalpel. And in many instances, these indurated glands run so near to the axillary 
artery, as to render it highly proper to use every probable means for rendering the dissection safe and 
easy.” 

        Benjamin Bell,  
Edinburgh Feb 10, 1784 

 
Galen’s humoral theory remained extremely popular throughout the 18th century.  All breast 
surgeries during these centuries were horrifying procedures, as the surgeons used breast clamps or 
ropes for traction, followed by a swift amputation at the base of the breast. Many patients died from 
post-operative shock, infection, or loss of blood and therefore breast surgeries were not performed 
frequently. 

 
Late modern period 

Frances Burney, an English novelist who married a 
French man from the highest social circles, described the 
horror of a breast amputation that she underwent in 
October 1811 because of the suspicion of breast cancer. 
She was operated in her own home by Napoleon’s 
surgeon, Baron Dominque Jean Larreyd. During the whole 
procedure, performed by seven men in black, she was 
entirely conscious while the only anesthetic was a glass of 
wine. This is one of the few first-hand reports from the 
perspective of the breast cancer patient and not made 
from the point of view of the surgeon or a later 
biographer.5 

It is important to realize that the patients in this 
period presented with large breast tumors and would not 
even be considered candidates for surgery today because 
the cancer was too advanced. Moreover, the diagnosis of 
breast cancer in this period based on a clinical diagnosis rather than a morphological bases with 
histological evidence.  Despite working without a microscope, Xavier Bichard (Paris, 1771-1802) was 
the first to introduce the notion of tissues as distinct entities. He described different types of tissues, 
including connective, muscle, and nerve tissue. He also recognized malignant neoplasia as abnormal 
tissue and suggested that diseases attacked tissues rather than whole organs.6 

Fig 5. Frances Burney, who detailly 
described her experience of undergoing a 
mastectomy in 1811 in a letter to her 
sister. 
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In the 19th century, also known as ‘the golden age of surgery’, antiseptic solutions, steam 
sterilization of instruments and the use of rubber gloves - developed for the theatre sister of William 
Halsted (later becoming his wife) because her hands were extremely irritated from the antiseptic 
solution - were the landmark events that significantly lowered complication rates. General anesthesia 
and blood transfusion further revolutionized the procedure and led to improved comfort for patients 
and allowed the surgeon to focus on precision rather than on rapid completion. Moreover, due to 
these successes, new surgical procedures were developed leading to an explosion of new 
instruments. 

The modern surgical treatment of breast cancer owes its origins in the mid-nineteenth 
century largely to the efforts of two German pathologists, Johannes Muller and Rudolph Virchow of 
the University of Berlin. Muller’s investigations had a major impact on the understanding of human 
tissues by showing that cancer was composed of cells rather than lymph.7  His student, Rudolf 
Virchow, is often referred to as the founder of cellular pathology. In 1855 he published his now 
famous aphorism “omnis cellula e cellula” (“every cell stems from another cell”). He stated that all 
diseases involve changes in normal cells, that is, all pathology is ultimately cellular pathology. 8 This 
insight led to major progress in the practice of medicine. From that moment, diseases could be 
characterized not merely by a group of clinical symptoms, but also by characteristic anatomical 
changes. In contrast to Galen, Virchow did not regard breast cancer as systemic at onset, but rather a 
local disease, amenable to cure with surgery. Virchow’s legendary contributions to medicine could be 
considered the launching pad for the post-Virchow era of diagnostic pathology as we know it today. 
From microscopic diagnosis to photomicrography, illustrating disease patterns to peers through 
publications or presentations, was just another short step. While microscopy offered magnification 
of tissues, it was the innovations in tissue processing (fixation and embedding), microtomy (section-
cutting) and finally the fine art of staining that allowed the pathologist’s eye to analyse the complex 
tissue patterns that define disease.9 These decisive developments resulted in improved 
understanding and distingishing of different type of diseases but also resulted in direct clinical 
consequences such as needle biopsy in the diagnosis of breast cancer.10 

At the end of the 19th century, European surgeons discussed the value of extensiveness of 
the surgeries, especially since lymph vessels of the breast do not cross the pectoralis muscle. In 
Germany the concept developed of cancer dissemination via the lymphatics thanks to the work of 
Richard von Volkmann, professor of Surgery of the surgical Clinic at Halle, and Lothard Heidenhain of 
Berlin, who published a detailed study of the spread of breast cancer in 1889. Volkmann himself, in 
1875, was advocating routine removal of the fascia over the pectoralis major together with the entire 
breast and an extensive portion of the overlying skin, together with removal of the entire fatty tissue 
of the axilla. If the underlying muscle was bound to the tumor, a thick layer of muscle was also 
excised.   

In this period, the American surgeon William Halsted (1852-1922) came to Europe and 
witnessed not only Volkmann’s surgeries. Halsted also studied with Virchow’s pupils and learned a 
range of surgical techniques in Europe. He brought this experience to the Johns Hopkins hospital in 
Baltimore where he was eventually appointed as Professor of surgery.  He came back with the idea of 
extending surgical boundaries of wide excision and gradually, surgeons were moving to the concept 
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of the radical mastectomy. The detailed technique was evolved by Willy Meyer (1858-1932) and 
William Halsted.  Halsted’s name became synonymous with the radical mastectomy when he 
published his work with radical mastectomy from the 50 cases operated at Johns Hopkins between 
1889 and 1894.11 

In Europe Hasted had learned that the disease spreads in an orderly fashion from the breast 
to the regional lymph nodes and then to distant sites and, although his German teachers didn’t 
perform such extensive surgery, Halsted was convinced that removing the breast, underlying 
pectoral muscles and ipsilateral axillary should be removed en bloc. From that moment, the fate of 
millions of women was sealed.  

 

 

“I went to the hospital feeling perfectly healthy and came out grotesquely mutilated – a mental and 
physical wreck.”  

 

These are the words of a woman who underwent a radical mastectomy in 1971, and reflects 
the feelings of many woman who were subjected to a radical mastectomy since it’s introduction by 
William Halsted.12The procedure resulted not only in severe disfigurement, but also weakened arm 
function as well as causing disabling lymphedema and lifelong pain.   

Halsted’s first report gives an explanation for excising the muscles: “It is impossible to 
determine with the naked eye whether or not the disease has extended to the pectoral muscles".13 
Since Volkmann found that cancer did not extend to the muscles, it is hard to understand why 
Halsted sacrificed the muscles. In his report in 1894, Halsted mentioned another reason for taking 
the muscles: 

 

 “The pectoralis major muscle... should be excised in every case of cancer of the breast 
because the operator is enabled thereby to remove in on piece all of the suspected tissue. The 
suspected tissue should be removed in one piece (1) lest the wound become infected by the division of 
tissue invaded by the disease, or of lymphatic vessels containing cancer cells, and (2) because seeds or 
pieces of cancerous tissue might equally be overlooked in a piecemeal extirpation.” 11 

 

Figure 6.A and B, Plates X and XI from Halsted's paper (from Johns Hopkins Hospital Reports 4:297, 1894-1895) showing his 
incision  (A) and dissection (B) for the radical mastectomy. 
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The third reason for Halsted’s removal of the muscles is suggested by his interest in local 
recurrence. He was entirely convinced that the efficiency of an operation is measured truer in terms 
of local recurrence rather than of ultimate cure.   

Geoffrey Keynes at Barts Hospital in London was one of the earlies critics of the Halsted 
procedure. Keynes came away from the battlefield of World War I and after years of putting maimed 
bodies back together, he became obsessed with conservative surgery. His vision was in line with the 
inheritance of Hippocrates ”Primum non nocere” meaning "first, do no harm." While most surgeons 
in the 1920s contemplated more extensive surgery to improve survival rates, although this was not 
based on evidence, Keynes thought about preserving – doing as little damage as possible.  In a letter 
to the Lancet in 1929 Keynes bemoaned the ‘severe and mutilating operation’ of Halsted and praised 
the success of radiotherapy. 12 

Between 1930-1943 Patey and Dyson published a comparison between patients undergoing 
their operation (which spared the pectoralis major, but removed the minor) with the standard radical 
mastectomy. They found no difference in survival or local recurrence rates between the two 
groups.15 Kennedy and Miller were the first to develop simple mastectomy. In their series of cases 
from 1927 to 1956 the pectoral fascia is removed in bloc with the breast, but neither the pectoralis 
muscles nor the axillary lymph nodes are removed.16 Madden and  Auchincloss described the  
“modified” radical mastectomy in 1965, in which both the pectoralis major and the pectoralis minor 
were preserved but with dissection of the axillary lymph nodes.17,18 Oncological outcomes were 
similar to those using the radical mastectomy. Although some the modifications to the Halsted 
procedure were undertaken, the surgical approach to breast cancer remained relatively static for 
more than eighty years. The Halsted mastectomy actually survived until the 1980’s until prospective 
randomized controlled trials arise. It seems that before this period, individual surgeons have chosen 
the Halsted technique more for emotional than scientific reasons. Data regarding the Halsted 
mastectomy were obtained from poorly executed reviews of case records rather than from 
meticulous analyses of prospective studies with al long follow-up. Actually, Halsted’s  reports on 
breast surgery were anecdotal and lacked the statistical analyses and long-term follow-up that are 
considered standard today and there was no firm evidence that Dr. Halsted's operation enhanced 
patient survival. Moreover, medicine in the 19th century United States depended on Europe for 
scientific developments and the Halsted mastectomy mirrored – as well as served – American 
surgeons’ nationalist rivalry with European surgeons. 
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The dawn of breast-conserving therapy 
Over the past 70 years, breast-conserving surgery has been defined in many ways, including such 
approaches as lumpectomy, tylectomy, wide local excision or quadrantectomy, always including an 
axillary lymph node dissection. After World War II, high-voltage external beam radiation allowed for 
more effective and safer delivery of radiation to the breast.  In 1948 Robert McWhirter, a surgeon at 
the Royal Infirmary in Edinburgh, was the first to report on the performance of less extensive surgery 
with the aim of improving cosmetic outcome. He laid the foundation of current breast-conserving 
treatment with his paper entitled “The value of simple mastectomy and radiotherapy in the  
treatment of cancer of the breast”. 19 However, it took until the eighties before partial mastectomy 
and adjuvant breast radiotherapy became the official therapy of early stage breast cancer due to a  
couple of large randomized studies. These studies were initiated by two pioneers in breast cancer 
surgery: Professor Umberto Veronesi of Milan and Professor Bernard Fisher of Pittsburg.  In the 
Milan I trial (1973–1980) Veronesi et al. randomized 701 breast cancer patients with tumors less than 
2 cm into either Halsted mastectomy or quadrantectomy with axillary dissection and breast 
radiotherapy. The first results were published in 1981 and showed no difference in disease-free 
survival (DFS) and overall survival (OS).20  
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Figure 7. Cosmetic outcomes after different types of breast surgery of the left breast. 
A. Halsted mastectomy  
B. Radical mastectomy 
C. Breast conserving surgery with poor cosmetic outcome 
D. Breast conserving surgery with excellent cosmetic outcome 
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The study update with a 20-years follow up confirmed these preliminary findings. 21 In 1974, another 
randomized trial began in the United States, led by Fisher: the National Surgical Adjuvant Breast and 
Bowel Project (NSABP) B-04.  They recruited 1765 breast cancer patients and in case of a clinically 
negative axilla, patients were randomized into three groups, Group 1: Halsted’s radical mastectomy 
including breast muscles and axillae, Group 2: total mastectomy (thus without resection of the 
pectoral muscles) without ALND but with axillary radiotherapy and finally Group 3: total mastectomy 
without ALND. The last group underwent a delayed axillary dissection only in case of appearance of 
clinically positive axillary nodes during follow-up.  Results after a follow up of more than 25 years, 
showed no benefit in overall survival and disease-free survival from radical mastectomy among the 
three groups of women with negative nodes.22 Of particular interest were their observations 
regarding the axillary treatment. In group 1, 40% of the clinically node negative patients had a 
histologically positive node after ALND.  Since the study was  a randomized controlled trial, in group 3 
also 40% of the patients would have histologically positive nodes, however these nodes were 
unremoved because they did not underwent standard ALND. In only 15% of the patients, these 
histologically positive nodes became clinical apparent and therefore these 15% underwent an 
(delayed) axillary dissection. The other 25% of the patients with histologically positive nodes 
remained subclinical and this did not influenced survival. In addition, if you compare group 1 and 2, 
Fisher was the first to show that axillary radiotherapy is equal effective as ALND.  
In 1976, again initiated by Fisher, the NSABP B-06 trial was launched, which randomized 1851 
patients to total mastectomy, lumpectomy alone or lumpectomy with breast radiotherapy. Even 
after 25 years of follow-up, overall survival and disease-free survival were similar between the three 
groups, but radiotherapy was shown to reduce the breast recurrence rate after lumpectomy.23  
The Netherlands started to participate in the international studies on breast conserving therapy in 
the 1980’s. At that moment, the Dutch surgeon Joop van Dongen and radiotherapist Harry Bartelink 
from The Netherlands Cancer Institute - Antoni van Leeuwenhoekhuis, took part in the European 
Organization for Research and Treatment of Cancer (EORTC, Brussel) 10801 trial. 24 
This randomized controlled trial compared a modified radical mastectomy to breast conserving 
therapy (lumpectomy, ALND and radiotherapy) in stage I and stage II breast cancer patients. After a 
median follow-up of 6 years, overall survival and local recurrence rates do not differ significantly 
between the two study arms.24  
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The dawn of axilla conserving surgery  
Even as recently as the early 21th century, axillary lymph node dissection (ALND) was still a standard 
procedure. However, the paradigm shift towards a less invasive surgical strategy for the breast has 
now extended to the treatment of the axillary lymph nodes. ALND, as a means for achieving local 
disease control, carries an indisputable and often unacceptable risk of post-operative complications 
such as seroma, infection and lymphedema.  Moreover, up to 75% of the patients experience long-
term side effects as a result of this procedure.25,26 Well-known sequela after ALND are a decreased 
range of motion of the shoulder, grip strength, increased arm volume due to edema, pain and 
sleeplessness. Thereby, axillary lymph node dissection will have a negative impact on how a patient 
experiences her activities of daily living (ADL) functioning and quality of life.26,27  
The sentinel lymph node (SN) procedure was introduced in the 1990’s. The concept of a sentinel 
lymph node is based on the orderly progression of tumor cells within the lymphatic system. 
Metastasis to regional lymph nodes is not a random event, and the primary draining or sentinel node 
will be the first to contain metastases. Biopsy of this sentinel node can accurately predict axillary-
node involvement. First in animal studies, Donald Morton and associates at the John Wayne Cancer 
Center in Santa Monica successfully developed a blue dye (isosulfan blue or Patent blue-V) method 
for identification of the sentinel lymph node, which was reproduced in patients with cutaneous 
melanoma.28,29 The first clinical use of blue dye only in breast cancer showed to have many 
drawbacks, as was shown by Giuliano et al. In patients with breast cancer an identification rate of 
65.5% was reported. 30 The feasibility of combining the blue dye method with a peri-tumoral 
injection of technetium 99mTc-colloidal albumin (99mTc-CA) and the handheld gamma probe for 
identification of the SN was proven in the Free University Hospital in Amsterdam.31 Using the 
handheld gammaprobe during surgery, a 92% identification rate was obtained.32 Moreover, the SN 
procedure was proven to be a save procedure: after 3 years in only 1% of patients with a negative 
sentinel node, an axillary recurrence appeared.33 This combination of blue dye and 99mTc-CA is up till 
now regarded the standard method for identification of the sentinel lymph node and is not only 
employed in breast cancer but also in many other malignancies such as melanoma and vulva 
carcinoma.   

After several studies confirmed that sentinel lymph node-negative patients without further 
axillary dissection show similar survival and locoregional control, the SN procedure was adopted as 
the standard of care for patients with clinically node-negative breast cancer. 34 Understandably, the 
SN procedure has almost no morbidity and thereby results in a better quality of life than ALND. 
Leaving the serious sequalae of ALND behind for the majority of patients by introduction of the SN 
procedure, the way for the patient to really evaluate her cosmetic outcome was opened. 

Over the last decade, the search for a less invasive surgical treatment of the axilla has been 
ongoing, and the recent American College of Surgeons Oncology Group (ACOSOG) Z0011 trial has 
been practice changing. This trial was designed to determine whether ALND impacted survival in 
selected SLN positive patients. The trial enrolled patients with clinical T1-2N0M0 breast cancer with 
one or two positive sentinel lymph nodes, undergoing BCS and adjuvant whole breast radiotherapy. 
At median follow-up of 6.3 years, there were no differences in locoregional recurrence or overall 
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The dawn of axilla conserving surgery  
Even as recently as the early 21th century, axillary lymph node dissection (ALND) was still a standard 
procedure. However, the paradigm shift towards a less invasive surgical strategy for the breast has 
now extended to the treatment of the axillary lymph nodes. ALND, as a means for achieving local 
disease control, carries an indisputable and often unacceptable risk of post-operative complications 
such as seroma, infection and lymphedema.  Moreover, up to 75% of the patients experience long-
term side effects as a result of this procedure.25,26 Well-known sequela after ALND are a decreased 
range of motion of the shoulder, grip strength, increased arm volume due to edema, pain and 
sleeplessness. Thereby, axillary lymph node dissection will have a negative impact on how a patient 
experiences her activities of daily living (ADL) functioning and quality of life.26,27  
The sentinel lymph node (SN) procedure was introduced in the 1990’s. The concept of a sentinel 
lymph node is based on the orderly progression of tumor cells within the lymphatic system. 
Metastasis to regional lymph nodes is not a random event, and the primary draining or sentinel node 
will be the first to contain metastases. Biopsy of this sentinel node can accurately predict axillary-
node involvement. First in animal studies, Donald Morton and associates at the John Wayne Cancer 
Center in Santa Monica successfully developed a blue dye (isosulfan blue or Patent blue-V) method 
for identification of the sentinel lymph node, which was reproduced in patients with cutaneous 
melanoma.28,29 The first clinical use of blue dye only in breast cancer showed to have many 
drawbacks, as was shown by Giuliano et al. In patients with breast cancer an identification rate of 
65.5% was reported. 30 The feasibility of combining the blue dye method with a peri-tumoral 
injection of technetium 99mTc-colloidal albumin (99mTc-CA) and the handheld gamma probe for 
identification of the SN was proven in the Free University Hospital in Amsterdam.31 Using the 
handheld gammaprobe during surgery, a 92% identification rate was obtained.32 Moreover, the SN 
procedure was proven to be a save procedure: after 3 years in only 1% of patients with a negative 
sentinel node, an axillary recurrence appeared.33 This combination of blue dye and 99mTc-CA is up till 
now regarded the standard method for identification of the sentinel lymph node and is not only 
employed in breast cancer but also in many other malignancies such as melanoma and vulva 
carcinoma.   

After several studies confirmed that sentinel lymph node-negative patients without further 
axillary dissection show similar survival and locoregional control, the SN procedure was adopted as 
the standard of care for patients with clinically node-negative breast cancer. 34 Understandably, the 
SN procedure has almost no morbidity and thereby results in a better quality of life than ALND. 
Leaving the serious sequalae of ALND behind for the majority of patients by introduction of the SN 
procedure, the way for the patient to really evaluate her cosmetic outcome was opened. 

Over the last decade, the search for a less invasive surgical treatment of the axilla has been 
ongoing, and the recent American College of Surgeons Oncology Group (ACOSOG) Z0011 trial has 
been practice changing. This trial was designed to determine whether ALND impacted survival in 
selected SLN positive patients. The trial enrolled patients with clinical T1-2N0M0 breast cancer with 
one or two positive sentinel lymph nodes, undergoing BCS and adjuvant whole breast radiotherapy. 
At median follow-up of 6.3 years, there were no differences in locoregional recurrence or overall 
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survival between the two groups.35 Actually, these survival findings are consistent with those of the 
earlier mentioned randomized trial by Fisher et al. in clinically node negative patients in 1971, 
showing that positive axillary nodes will become clinical manifest in only a small amount of patients.  
The Z0011 results have significantly impacted practice by decreasing rates of ALND and thereby the 
extensive morbidity related to ALND in a large group of breast cancer patients, improving their daily 
quality of life.  We have not reached the end of the paradigm shift towards less extensive surgery of 
the axilla yet. This is illustrated by the treatment with hormonal therapy only in combination with the 
omission of the sentinel node in hormone receptor-positive patients aged over 70 years.36 
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Goals in breast-cancer treatment  
Breast-conserving therapy (BCT) refers to breast-conserving surgery (BCS), followed by whole breast 
irradiation to eradicate microscopic residual disease. Breast-conserving therapy is the preferred 
therapeutic procedure in early-stage breast cancer.  
Breast cancer affects woman of all ages and the worldwide incidence of breast cancer is currently 
around 1.5 million cases per year.37 In the Netherlands, more than 14,500 women are diagnosed with 
breast cancer each year, and during their lifetime 1 in 8 women will be faced with this diagnosis, 
making breast cancer the most common cancer amongst women.38 Nowadays, greater patient 
awareness and population screening in combination with improved mammography and ultrasound 
techniques have led to stage migration; currently a majority of patients are diagnosed in an early 
stage. Together with the introduction of more effective adjuvant therapy, survival rates have 
increased significantly. For stage I breast cancer (T1N0) thirty years ago survival was 87%, whereas 
this number has increased to 94% currently (thus based on a diagnosis ten years ago). Overall, 
Patients diagnosed with breast cancer in the period 1989-1993 had a 5-year survival rate of 77%, by 
2008-2012 this number has increased to 87%.39 In addition, the advances in early diagnoses have also 
resulted in an increased use of BCS. In the Netherlands, three out of four patients with invasive 
breast cancer are now treated with breast-conserving therapy.40 Of these patients treated with 
breast conserving therapy (excluding patients after neoadjuvant chemotherapy) 78% have a clinical 
T1 tumor, 21% a T2 tumor and only 1% a T3 tumor.    
 
 

 
Figure 8. 5-year survival of invasive breast cancer in the Netherlands between 1989-2012.39 
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Primary goal of breast-conserving surgery 
The primary goal of BCS is to remove the breast cancer with tumor-free margins. Margins positive for 
tumor cells are associated with a high risk of local recurrence and therefore require additional local 
surgical therapy such as re-excision or even mastectomy.41-42 In case of focally involved margins 
(<4mm) after BCS in the Netherlands, re-excision can be omitted if whole-breast irradiation including 
a boost is given.43 Although obtaining clear margins is the most important goal of a surgeon, studies 
worldwide report tumor-involved margins of up to 40%.44-48 Direct comparison of studies is difficult 
due to the use of varying definitions for positive and close margins. For example, Danish National 
Guidelines recommend tumor-free margins ≥ 2 mm49, whereas other European countries such as 
Germany and France have BCS guidelines on margin status that indicate that patients with margins ≤ 
1 mm should undergo additional surgery.50,51 In the Netherlands and the United States (US), 
guidelines for BCS state that all specimens without tumor cells at the inked margins are tumor-free 
margins.52 However, in the US, approximately one in four women treated with BCT undergo a re-
excision, and nearly half of these procedures are performed with the rationale of obtaining wider 
clear margins in women whose margins were already negative, as defined by no ink on the tumor.52,53 

Evidently, there is a persisting international and individual controversy regarding the definition of 
tumor margins. It is, however, important to note that today the range of local recurrence rates is 
very low (2%-5%) and more widely clear margins (than no ink on tumor) do not significantly decrease 
the rate of in breast cancer recurrence.42,54 Additional local therapies can result in discomfort, 
surgical complications, compromised cosmetic outcomes, emotional distress, increased healthcare 
costs and have been associated with patient preference for conversion to bilateral mastectomy.55  

Secondary goals of breast-conserving surgery 
Together with increasing breast cancer incidence, the improved outcomes of breast cancer 
treatment have resulted in a growing number of breast cancer survivors. This has led to increased 
interest in secondary outcomes, including cosmetic outcome and quality of life (QoL).  
It should be noted that studies regarding secondary outcomes measured in patients from the era 
when axillary dissection were performed standardly all have a historical character like the Halsted 
procedure. The life-long morbidity associated with ALND overrides the treatment-related cosmetic 
status as a predictor of QOL therefore a true ‘clean’ analysis of secondary outcomes and satisfaction 
has only been possible for 20 years.  
Although BCT is considered the least disfiguring treatment option for breast cancer, BCT does not 
guarantee an acceptable cosmetic outcome. Unfortunately, up to half of patients will have a fair or 
poor cosmetic outcome after BCT, as measured by panel, objective evaluation methods or self-
assessment.56-76 (See table 1)  
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Table 1. Cosmetic outcome after breast conserving surgery per type of measurement 

Panel evaluation         
Fair/Poor 

Objective evaluation    
Fair/Poor 

 
Self-assessment    
Fair/Poor 

Rochefordiere1992 6-16%     Patterson1985 6% 

Sneeuw1992 40%     Sneeuw1992 46% 

Taylor1995 19%     Taylor1995 13% 

Al-Ghazal 1999 28% Al-Ghazal1999 21%     

Christie1996 51%     Christie1996 11% 

Johanson2002 53%     Johanson2002 27% 

Cetintas2002 16%     Cetintas2002 18% 

Hoeller2002 46%     Hoeller2002 38% 

Vrieling et al.2000 18%     Hill Kayser2011 29% 

Lyngholm2013 50%     Lyngholm2013 12% 

Parvez2014 22%     Parvez2014 19-24% 

Haloua2014 51% Haloua2014 41%   

Kim2014 37% Kim2014 22% Hau2013 8-11% 

Santos2015 20% Santos2015 20% Santos2015 2% 

Karanlik2015 8-20%* Hennigs2015 18-32% Hennigs2016 21% 

    Yu2016 18% Dahlback2016  16% 
*including patients treated with NACT (fair/poor outcomes in 8% after NACT versus 20% in patients after 

primary surgery) 

 
In an ideal situation, BCS would consist of a complete excision of the breast tumor, while sacrificing 
as little healthy breast tissue in effort to achieve an acceptable cosmetic outcome. However, ideal 
situations are rare and in many cases an unnecessarily large volume of healthy breast tissue is 
excised along with the tumor, while clear margins are not assured.46,77,78 
Excision volume is a key determinant affecting cosmetic outcome after BCT.59,60,64,75, 79-83 The gold 
standard for volume measurement is the direct method using water displacement. Weight and 
volume are roughly comparable, although this technique does lead to a small underestimation of 
volume (volume=7.236+0.9353weight(g) cm3). In the absence of direct volume measurement or 
weight, an alternative is to use the formula for an ellipsoid (4/3𝜋𝜋𝜋𝜋 x length x width x height).84 
High excision volumes are rarely related to the size of the tumor and this led to the introduction of 
the calculated resection ratio (CRR). The CRR is a tool to define the amount of tumor and the excess 
healthy breast tissue in a surgical specimen, indicating excess resection of healthy tissue. The CRR 
represents a comparison of the total resection volume to the optimal resection volume. The optimal 
resection is the spherical tumor volume plus an arbitrarily chosen, tumor-free resection margin of 
1cm. This means that, in an ideal situation, the specimen volume is equal or smaller than the optimal 
resection volume and the CRR is ≤ 1. For example, in a retrospective study, 10.7% of 726 patients 
with T1-T2 tumors still had positive or focally positive margins when the CRR was > 4.0, meaning that 
the tumor was often located eccentrically in the surgical specimen.46 In another, national pathology 
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study of all breast conserving surgeries in 2012‐2013 in the Netherlands, margins were tumor‐
involved in 498 (5.4%) and focally involved in 1021 cases (11.0%) of cases. The median CRR in these 
patients were 2.32 (range 0.10‐104.17; SD 3.23), indicating the excision of 2.3 the optimal resection 
volume. This unacceptably high rate of tumor‐involved margins occurs despite a large amount of 
healthy breast tissue resection and thus potentially carries a risk of high rates of cosmetic failure.85 

Ultrasound guided surgery (USS)   could potentially improve these primary outcomes and 
therefore the Cosmetic Outcome of the Breast After Lumpectomy Trial (COBALT) was initiated in 
2010. The primary goal was to compare ultrasound guided surgery and palpation guided surgery 
(PGS) in palpable breast cancer.  
This multicenter randomized controlled trial recruited 134 patients with palpable T1‐T2 invasive 
breast cancer between 2010‐2012. A dramatic difference in margin involvement was seen: only 2 
(3%) of the 65 patients in the USS group showed tumor involved margins, compared to 12 (17%) of 
the 69 patients in the PGS group. USS also resulted in reduced excision volumes, 38cc vs 58cc and 
reduced CRR 1.0 vs 1.7 in PGS.86 These findings suggest that USS could lead to improved cosmetic 
outcome and quality of life compared to PGS. These outcomes will be studied in the current thesis.  

Evaluation of cosmetic outcome  
Methods for cosmetic evaluation of BCT can be divided into subjective (single observer, a panel of 
observers or patient self‐evaluation) and objective methods. Current advice for cosmetic outcome 
assessment suggests combining both evaluation methods.67,71,87‐89 
The moment of evaluation is extremely important due to the ongoing deterioration of cosmetic 
outcome of the breast for up to several years after surgery. These protracted changes are related to 
the development of fibrosis caused by radiation therapy, and specifically the radiation boost. As 
major changes in breast appearance occur within 3 years of initial treatment, this would be an 
appropriate time to assess long‐term cosmetic outcomes.89‐90 
 
The most popular scale for cosmetic evaluation at this moment was already introduced by Harris et 
al. in 1979. They investigated the cosmetic outcomes in 31 patients with stage I/II breast cancer 
treated with primary radiotherapy .91   

Cosmetic outcome is scored on a Likert scale: 
1. Excellent  the treated breast is almost identical to the untreated one. 
2. Good   the treated breast is slightly different from the untreated breast. 
3. Fair   obvious difference between the two sides without major distortion. 
4. Poor    the treated breast is seriously distorted. 

  

25 
 

A. Panel evaluation 
Cosmetic outcome rated by a panel is a more reliable method compared to a single observer.67,87,89 

Photographic assessment using standard positions can allow for comparative evaluations by different 
observers. A reliable overall cosmetic outcome can be achieved using a panel with any constitution of 
at least 3 observers.67 A downside of photographic assessment is that treatment outcome measures, 
such as edema, telangiectasia and atrophy, are less easily assessed than during live assessment.60,92 
There is as yet no standard questionnaire for panel evaluation of breast cosmesis. 

B. Objective assessment 
The ultimate cosmetic objective of BCT is obtaining two identical breasts; therefore, the key 
parameter in the objective evaluation of cosmetic outcome after BCT has been the measurement of 
asymmetry. In 1985, Pezner et al. produced a quantitative scoring system (Breast Retraction 
Assessment). Using a marked acrylic sheet placed over the patient’s thorax, he calculated the upward 
and inward retraction of the treated versus the non‐treated breast.93 In the last decade, software 
such as the ‘Breast Cancer Conservative Treatment.cosmetic results’ (BCCT.core) was developed.94,95 
The primary advantages of this type of objective evaluation are the rapidity of results and the 
possibility of objective comparison of patients from different centers worldwide. One of the 
limitations of these methods is the inability to evaluate in three dimensions 

C. Patient self-evaluation 
The patient’s own view of her cosmetic outcome is a very important process since it is the patient 
who will have to live with the results of treatment. As most healthcare aims to reduce symptoms, 
minimize disability, and improve the quality of life, these are aspects that only patients can assess. A 
patient’s judgment and satisfaction are based not only on purely cosmetic results, but also on more 
complex elements (e.g. physical appearance, age, and environmental factors).87 Because these 
factors are poorly amenable to quantification, low reproducibility is the major drawback of self‐
evaluation.  

Questionnaires are generally used to ascertain the patient’s own perception of breast 
appearance after BCT. Patient‐reported cosmetic outcome can be based on only one question 
regarding the comparison of the treated breast with the contralateral breast.59,73‐74,93 Other 
questionnaires are more extensive, with up to nine questions on breast‐specific factors such as 
breast size, shape or color of the breast.57‐58,560,66,75,82,96‐98 The first patient questionnaires to include 
breast‐specific factors were developed in the era of axillary lymph node dissection. The serious 
morbidity associated with ALND have overrided treatment‐related cosmetic results in this period.96 
Gaining insight into the breast factors in the ‘sentinel node era’ will help to identify the shortcomings 
of the (surgical) procedure in case of a poor result.  The influence of breast‐specific factors for 
patients on the overall cosmetic outcome or satisfaction remains unclear. Fortunately, the COBALT 
study gives us the opportunity to investigate the influence of these factors taken into account 
patient, tumor and treatment related items.  
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Patient’s reported cosmetic outcome versus satisfaction. 
A variety of descriptions and definitions are used for patient self‐assessment of the breast after 
surgery: cosmetic (or aesthetic) outcome60‐61,73‐74,98, as well as satisfaction82,99‐100, or both57‐58,80,101. 
These two definitions are often used interchangeably but in studies describing both outcomes, the 
outcomes seem to differ from each other.57‐58,101 In the footsteps of Frances Burney, the growing 
attention to the patient’s opinion of treatment is justified. Perioperative counseling and expectations 
regarding the treatment seem to have an important role in patient reported outcomes (PROM’s) and 
therefore it is important to gain more insight into the current results regarding these two outcomes 
as well as their course in time.  
 

Quality of life 
There is no doubt that BCT, compared to mastectomy, improves various QoL factors such as body 
image, sexual functioning, pain, and arm symptoms.68,93,99,102 Nevertheless, BCT still negatively 
influences aspects of QoL. As stated earlier, many patients experience unsatisfactory cosmetic results 
after BCT, with consequent negative effects on QoL.58‐59,97‐98 In addition, chemotherapy, extensive 
axillary surgery and hormonal therapy will all impact the patient’s physical and emotional wellbeing. 
In order to fully understand the impact of oncologic breast treatment and achieve optimal QoL, 
patient‐reported outcome measures are essential. 
In the 1990’s, the Functional Assessment of Cancer Therapy‐Breast (FACT‐B) was developed and is 
still one of the most frequently used questionnaire in the US.103 The European equivalent is the 
European Organization for Research and Treatment of Cancer Quality of Life Questionnaire‐Core 30 
(EORTC QLQ‐C30), including the EORTC Breast Cancer Module 23 (QLQ‐BR23) which was developed 
in 1996. 104‐105 Both include a general questionnaire applicable to all cancer patients, and a module 
specific for breast cancer patients. The general modules were developed in light of the consequences 
of chemotherapeutic treatment, the EORTC QLC‐C30, for example, was validated in patients with 
non‐metastatic lung cancer.105 The breast cancer module also measures disease‐specific rather than 
surgery‐specific factors, and particular issues related to BCT are not well addressed. For example, the 
EORTC QLQ‐BR23 asks several questions related to chemotherapeutic rather than surgical treatment, 
such as “Did food and drink taste different than usual?”, “Have you lost any hair?” and “Were you 
upset by your loss of hair?”. In addition, the EORTC QLQ‐BR23 and FACT‐B focus primarily on physical 
functioning (questions developed prior to the SN era) and, to a lesser extent, psychological 
functioning; questions measuring health‐related quality of life, body image, sexual functioning or 
satisfaction with appearance are less well represented.106 It seems that functional parameters such 
as arm edema, stiffness and arm movement are stronger predictors of QoL than cosmetic 
outcome.96,97 The recently developed Breast‐Q‐BCT questionnaire shows promise in the evaluation of 
patient‐reported outcomes as it addresses current (surgical) issues related to QoL. In addition, it 
contains both a pre‐ and postoperative module. A baseline measurement before treatment is 
extremely important in order to fully understand how treatment influences Qol.107 Next to the 
questionnaire regarding cosmetic outcomes, the patients from the COBALT study filled in the EORTC 
QLQ‐C30 and ‐BR23 pre‐operatively, at 3,6,12 and 136 months and therefore are perfectly suited to 

27 
 

gain more insight regarding the relation between cosmetic outcome and surgical specific quality of 
life in the SN‐era, including their course over time.  
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Breast conserving surgery in the 21th century 
As stated earlier, breast conserving therapy has only gained interest in the past 40 years and survival 
has increased due to stage migration and improved systemic therapies. This evolution has resulted in 
development of surgical techniques and changes in systemic treatment strategies in order to 
improve primary and secondary outcomes. 

I. Improvement of surgical accuracy  
To achieve adequate clear margins while excising a minimal amount of healthy tissue, a range of 
localization techniques have been developed for non-palpable lesions such as wire-guided 
localization (WGL), radio occult lesion localization (ROLL), radioactive seed localization (RSL) or 
ultrasound-guided surgery (USS). The ideal localization procedure would be non-stressful for the 
patient and would allow accurate targeting and removal of the lesion centralized in the specimen, 
while removing as little tissue as possible and achieving tumor-free margins. Supported by an 
extensive body of literature, USS meets all of these objectives. USS overcomes the issues associated 
with other techniques because it does not require preoperative localization at the radiology or 
nuclear department and is a non-invasive procedure.   
In the case of palpable tumors, surgeons are performing blind surgery and trusting to pre-operative 
imaging and their tactile skills. The Cosmetic Outcome of the Breast After Lumpectomy Trial 
(COBALT) was the first multicenter randomized controlled trial for palpable cancer comparing USS 
with PGS, with the aim of improving both oncological and cosmetic outcomes. Not only did the 
increased accuracy of USS in the localization of the central point of the tumor led to less margin 
involvement for invasive cancer and reduction of excision volumes, it also allowed complete 
resection of additional DCIS (which is not visible on ultrasound).86  Moreover, throughout the 21st 
century, the exceptional results in terms of reduction of margin involvement, secondary surgery and 
excision volumes by USS have not only been reported in palpable tumors, but also in non-palpable 
tumors.48, 108-117 

Furthermore, USS as a method can be easily learned by surgeons and is cost-effective due to reduced 
additional therapy as a direct result of negative margins.117-118 Therefore, USS should now be 
considered the gold standard and its advantages recognized by all surgeons performing BCS.119 
Regrettably, the breakthrough represented by this simple and non-invasive technique has been 
largely overlooked and today far too many surgeons still use palpation-guided techniques.  
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II. Chemotherapy before surgery instead of afterwards.  
In recent years, neoadjuvant chemotherapy (NACT) has been increasingly used in operable 

breast cancer patients who have an indication for systemic chemotherapy at the time of 
presentation. The safety of preoperative chemotherapy for patients with resectable breast cancer 
has been confirmed by two large randomized trials: the National Surgical Adjuvant Breast and Bowel 
Project B-18 trial120and the European Organization for Research and Treatment of Cancer 10902 
trial.121 Although patients undergoing NACT do not benefit in terms of overall survival and 
progression-free survival when compared to patients who received chemotherapy in the adjuvant 
setting, NACT seems to have several advantages.122-127 NACT can convert candidates for mastectomy 
to candidates for breast-conserving surgery, NACT can potentially reduce excision volumes in 
patients with large tumors who are already candidates for BCS, and NACT can eradicate 
(micro)metastatic disease in the regional lymph nodes, changing the treatment strategy for the axilla 
by omitting ALND. 122-132 These potential advantages of NACT in downstaging the breast can improve 
both cosmetic outcome and quality of life. 

In 2016, 18% of all patients with cT1-4N1-3M0 invasive breast cancer received NAC before 
surgery of the breast. Of this group treated with NAC, 56% received BCS (N=1230) versus 44% 
mastectomy (N=980). This is a relative increase of 32% more BCS after NAC compared to 2012.133 

International guidelines on the use of NACT with the aim of lowering breast resection volumes are 
currently lacking, and a multidisciplinary approach that is dependent on institutional facilities and 
expert opinions is often used. As a consequence, wide variation between hospitals in the 
administration of NACT is likely, and taking the example of the Netherlands, ranges of 0-100% for 
stage IIB and of 0-100% for stage III breast cancer have been reported (Figure 9). 133  

 
 

Figure 9. Funnelplot presenting large differences between Dutch hospitals in the percentage of breast cancer 
stage IIB patients treated with neoadjuvant chemotherapy (Y-axis).  
The amount of breast cancer stage IIB who underwent surgery at these hospitals are represented on the X-axis.  
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For the breast surgeon, the same goals during surgery are being pursued in patients after NACT as in 
patients without NACT: achieving clear margins while excising a minimal amount of healthy breast 
tissue with an adequate cosmetic result. However, NACT creates an additional challenge in the 
operating room, because the extent and original location of the residual lesion can be hard to 
identify, especially after a response to therapy. Therefore, marking the tumor before neoadjuvant 
systemic treatment is necessary if BCS has to follow. The pathological confirmation of a response in 
the original cancer-bearing area is mandatory because even after a complete radiological response 
about half of the patients will show residual microscopic cancer. 
An additional challenge is the initiation of most neoadjuvant trials by oncologists rather than 
surgeons, resulting in the underreporting of specifically surgical outcomes such as margin status, the 
number of re-excisions/secondary mastectomies and excision volumes.  
 

III. A shift to secondary goals. 
Throughout history, the cosmetic and functional outcomes of breast cancer patients were sacrificed 
with the idea of achieving optimal oncological outcomes. Patients underwent horrifying, extensive 
surgery with one primary goal: survival. Nowadays, we aim at diagnosis in an early stage by screening 
and self-examination of women and thereby, survival of breast cancer is excellent. Of the patients 
who are diagnosed trough the national breast cancer screening 34,2% is in stage 0-1 and only 5,3% 
has a stage IV tumor.134 The current patient population therefore cannot be compared to the type of 
patients that presented with breast cancer centuries ago. Fortunately, this stage migration has led to 
increasing attention to secondary goals such as cosmetic outcome and quality of life. The time has 
come to also set these results also as priority outcomes. Moreover, in the era of Halsted it seemed 
breast cancer patients did not have any voice regarding their treatment but currently the opinion of 
the patients on the treatment procedures and outcomes are being heard. In the current thesis we 
will discuss these patient reported outcomes and how to include these outcomes into quality 
indicators of the surgical teams. 
 

 

 

Outline of the thesis 
 

Without compromising oncological outcomes in breast cancer treatment, less invasive surgical 
procedures such as breast-conserving surgery and the sentinel node procedure were developed to 
preserve healthy breast tissue and healthy lymph nodes and thereby reduce morbidity. It is 
disappointing that in recent decades the main goal of breast conserving surgery – achieving clear 
margins with acceptable cosmetic outcome – is still not reached in a significant number of breast 
cancer patients. Nevertheless, survival of early stage breast cancer is excellent, underlining the 
importance of acceptable outcomes such as cosmesis and quality of life. The Cosmetic Outcome of 
the Breast After Lumpectomy Trial was initiated in 2010 to improve primary and secondary outcomes 
in patients with palpable breast cancer. This randomized controlled trial showed that 
implementation of Ultrasound guided surgery (USS) leads to a dramatic reduction in margin 
involvement and fewer additional local therapies. Moreover, USS allowed optimal excision volumes 
to be achieved, with the minimum amount of healthy breast tissue excision.  
 
Chapter 2. Given the reduction in additional therapy and excision volumes achieved by USS 
compared to PGS, we investigated whether USS also leads to an improved cosmetic outcome 3, 6 and 
12 months after surgical treatment. Both subjective (self-assessment, panel evaluation) and objective 
evaluation techniques (BCCT.core) were used to analyze cosmetic outcomes.  
Chapter 3. The cosmetic outcome of BCS can change, even years after surgery. In this chapter, we 
study the long-term cosmetic outcomes of patients treated with USS and PGS, and their course over 
time. In addition, we describe the final long-term oncological and patient-reported outcomes of the 
COBALT trial, including such aspects as cosmetic outcome, patient satisfaction and quality of life. 
Chapter 4. Patient-reported outcomes are becoming increasingly important in measuring the quality 
of treatment. Therefore, it is essential that we recognize the factors that influence these outcomes, 
in order to develop recommendations for improvement. In this chapter we look at breast-specific 
factors (including the scar, breast size, breast shape, breast firmness, the position of the nipple-
areola complex (NAC) and the skin color) as well as tumor, patient and treatment-related items 
influencing cosmetic outcome and patient satisfaction. 
Chapter 5. For the growing number of long-term breast cancer survivors, secondary outcomes such 
as cosmetic outcome are increasingly important. Most studies analyzing the correlation between 
cosmetic outcome and QoL have been retrospective and only mention QoL at a single time point. 
This chapter improves our understanding of the correlation between cosmetic outcome and QoL and 
their course. 
Chapter 6. Patients treated with neoadjuvant chemotherapy (NACT) and BCS are expanding in 
number and now represent a major proportion of the current breast cancer population. Indications 
for NACT include converting patients needing mastectomy to breast-conserving surgery (BCS) or 
lowering resection volumes, all with the goal of improved cosmetic outcome. This nationwide 
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to be achieved, with the minimum amount of healthy breast tissue excision.  
 
Chapter 2. Given the reduction in additional therapy and excision volumes achieved by USS 
compared to PGS, we investigated whether USS also leads to an improved cosmetic outcome 3, 6 and 
12 months after surgical treatment. Both subjective (self-assessment, panel evaluation) and objective 
evaluation techniques (BCCT.core) were used to analyze cosmetic outcomes.  
Chapter 3. The cosmetic outcome of BCS can change, even years after surgery. In this chapter, we 
study the long-term cosmetic outcomes of patients treated with USS and PGS, and their course over 
time. In addition, we describe the final long-term oncological and patient-reported outcomes of the 
COBALT trial, including such aspects as cosmetic outcome, patient satisfaction and quality of life. 
Chapter 4. Patient-reported outcomes are becoming increasingly important in measuring the quality 
of treatment. Therefore, it is essential that we recognize the factors that influence these outcomes, 
in order to develop recommendations for improvement. In this chapter we look at breast-specific 
factors (including the scar, breast size, breast shape, breast firmness, the position of the nipple-
areola complex (NAC) and the skin color) as well as tumor, patient and treatment-related items 
influencing cosmetic outcome and patient satisfaction. 
Chapter 5. For the growing number of long-term breast cancer survivors, secondary outcomes such 
as cosmetic outcome are increasingly important. Most studies analyzing the correlation between 
cosmetic outcome and QoL have been retrospective and only mention QoL at a single time point. 
This chapter improves our understanding of the correlation between cosmetic outcome and QoL and 
their course. 
Chapter 6. Patients treated with neoadjuvant chemotherapy (NACT) and BCS are expanding in 
number and now represent a major proportion of the current breast cancer population. Indications 
for NACT include converting patients needing mastectomy to breast-conserving surgery (BCS) or 
lowering resection volumes, all with the goal of improved cosmetic outcome. This nationwide 
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retrospective study aims to determine margin status and specimen volume in patients with invasive 
breast cancer who underwent BCS after NACT. 
Chapter 7. The outcomes of chapter 6 were a signal to further explore, on an international level, the 
primary and secondary outcomes of breast-conserving surgery in patients treated with BCS after 
neoadjuvant chemotherapy. In a systematic review, we describe the current surgical outcomes, 
including margin status plus secondary surgery, excision volumes and cosmetic outcomes in this 
growing patient population. 
Chapter 8. A summary in English and Dutch is provided. 
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