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ABSTRACT

Introduction: The surgical treatment of breast cancer has changed rapidly since Halsted's
operation was generally abandoned about 50 years ago. In the 1970s partial mastectomy (PM),
followed by radiotherapy (RT), was proven to be oncologically safe for smaller cancer tumours
that are not multifocal. For others, approximately 40% of breast cancer patients, modified radical
mastectomy (MRM) is the most usual operation, often followed by a reconstruction with
autogeneous tissues or implants and in combination with tissue expansion. During the past
decade, skin-sparing mastectomy has become a standard operation in many places, but sparing of
the nipple-areola complex (NAC) is still a very controversial issue. When this trial started in

1988 very few patients were offered any form of reconstruction after MRM.

Aim: To evaluate nipple-sparing subcutaneous mastectomy and immediate reconstruction with
implants (NSM) for patients with breast cancer not suitable for PM.

Patients and methods: During six years 272 patients with breast cancer not suitable for PM were
operated on with NSM, and the present papers report results from five trials on those concerning
sensibility in the breast (Paper I, 80 patients), circulation in the breast (Paper II, 43 patients), the
rate of capsular contracture (CC) in patients with subcutaneously placed saline-filled implants with
textured surfaces (Paper III, 107 patients), the CC-rate around MistiGold II® hydrogel-filled
implants (Paper IV, 41 patients) and survival, rate of locoregional recurrences (LRR) and the
outcome after (first event) LRR (Paper V, 216 patients) as well as the effect of radiotherapy (RT) on
these factors (all papers). The operation was performed through a submammary incision in the
majority of cases (217 patients). A biopsy for frozen section was taken from underneath the nipple,
which was removed only in cases of malignancy in this. 40% of the patients had lymph node
metastases; 12% had cancer in situ, 88% invasive cancer. 22% received RT postoperatively, 25%
chemotherapy and 57% hormone therapy. At least one year postoperatively, skin sensibilty was
measured with von Frey’s monofilaments, circulation with laser Doppler fluxmetry and fluorescein
flowmetry, and CC was measured by the Baker/Palmer classification and applanation tonometry
under five years postoperatively. Median follow-up in the survival study was 13 years.

Results: Normal (<3.2 milliNewton) or subnormal sensibility was found in the operated breast
outside the areola, subnormal on the areola outside the nipple. One third of the patients had
normal sensibility in the nipple while 14% lacked sensibility. No reduction was found in skin
circulation, whether RT was given or not. The CC-rate was 20.6%, significantly higher for
irradiated breasts than for non-irradiated ones, 41.7 and 14.5%, respectively, but a single
reoperation with capsulotomy gave very good long-term results. All of the Misti Gold [I®
implants had to be removed because of CC and increase in volume (up to 50%). Disease-free
survival (DFS) was 51.3%, overall survival 76.4% (OS) and the rate of LRR 24.1% (after
median 13 years). DFS and OS but not LRR were significantly affected by lymph node

status.The survival rates compare well with reported results after MRM in other trials. In
irradiated patients the rate of LRR was 8.5%. Survival after LRR was slightly better than has
been reported after MRM. The specificity at frozen section was 98.5%. At the end of follow-up
85% of the patients had their nipple-areola complexes intact.

Conclusions: NSM is an oncologically safe procedure in breast cancer given that frozen section
excludes malignancy in a biopsy from underneath the nipple. It results in naturally looking
breasts with very satisfactory skin circulation and sensitivity, and the rate of CC is acceptable.
Misti Gold II® hydrogel-filled implants are not suitable for this procedure. Radiotherapy
dramatically reduces the rate of LRR and increases the rate of CC but does not affect superficial
skin circulation.
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ABBREVIATIONS

NSM
SSM
SRM
NAC
MRM
PM
SNB
RT
CMF
HT

Nipple-sparing subcutaneous mastectomy and immediatereconstruction with implants
Skin-sparing mastectomy

Subcutaneous reduction mammaplasty

Nipple-areola complex

Modified radical mastectomy

Partial mastectomy

Sentinel node biopsy

Radiotherapy

Chemotherapy with cyclophosphamide, methotrexate and 5-fluorouracil

Hormone therapy (mostly with tamoxifen)

TRAM Transverse rectus abdominis musculocutaneous

DIEP
LRR
LDF
FF
cC
ATQ
DM
oS
DFS
ER

Deep inferior epigastric perforator

Locoregional recurrence

Laser Doppler fluxmetry

Fluorescein flowmetry

Capsular contracture

Applanation tonometry quote

Distant metastasis

Overall survival

Disease-free survival

Oestrogen receptor status (measured as fmol/pg DNA)



ABSTRACT IN SWEDISH
Kort sammanfattning pa svenska

Kirurgisk behandling av brostcancer forekom knappast innan inforandet av anestesi pa mitten
av 1800-talet. Dérefter praktiserades det i ndstan 100 ar en mycket aggressiv operationsmetod
(radikal mastektomi ad modum Halsted) medtagande underliggande muskulatur, vilket gjorde
armen pa samma sida nistan oanvindbar. P4 mitten av 1900-talet borjade man att endast ta
bort sjilva brostet (modifierad radikal mastektomi, MRM) och pa 1970-talet visade studier att
fransett nér det giller de storsta tumorerna eller de som &r multifokala gér det lika bra att ta
bort enbart den sjuka brostdelen (partial mastektomi, PM) under forutsittning att
strdlbehandling (RT) ges efterat till det opererade brostet. Nar var studie startade i december
1988 opererades redan i Sverige ungefir 60 % av brostcancerpatienter med PM. Hos resten
gjordes MRM och endast fatal av dessa fick chansen till en senrekonstruktion, oftast med s.k.
TRAM-lambaer, dir stora delar av rectus abdominis-musklerna flyttades upp pa brostet
tillsammans med 6verliggande hud. I England, ddremot, hade man redan 1984 borjat med
studier pa subkutan mastektomi for denna kategori av patienter, och dessa hade visat samma
overlevnadssiffror och samma frekvens av locoregionala recidiv (LRR) som efter MRM.
Samtidigt visade de forsta resultaten fran studier jimférande PM med och utan RT samma
overlevnad hos bada grupperna trots att LRR var mycket vanligare hos dem som inte blivit
stralbehandlade. Vi bestimde oss dérfor for att utvdardera denna metod hér i Sverige.
Patienter och metoder. Under knappt 6 ar opererades 272 patienter med brostcancer olamplig
for PM med brostvértbesparande subkutan mastektomi och direktrekonstruktion med proteser
(NSM). Patienterna fick efter noggrann information vélja mellan MRM och NSM och
merparten valde det senare alternativet. Hos 17 patienter anvéndes s.k. lazy-S snittforing
(ovanfor och lateralt om brostvartgarden med submuskulér placering av protesen, grupp A),
hos 14 patienter (grupp B) gjordes subkutan reduktionsplastik med submuskuldr placering av
protesen (SRM). Hos resten av patienterna placerades protesen subkutant med lazy-S
snittforing hos 24 patienter (grupp C) och snitt i submammarfaran hos 219 patienter (grupp D).
Silikonproteser anvindes f6r submuskulér placering medan koksaltproteser for subkutan
placering fransett 22 patienter ddr hydrogelfyllda proteser av typen MistiGold 11" anvindes
(delarbete V). Biopsi togs alltid for fryssnitt fran omradet precis under brostvartan som
avldgsnades om det fanns maligna fordndringar i denna. Adjuvant behandling gavs i samrad
med onkologer fran Radiumhemmet och efter samma principer som da gillde for patienter
opererade med MRM. 40 % av patienterna hade lymfkortelmetastaser, 12 % hade endast
cancer in situ men 88 % invasiv cancer. 22 % fick RT postoperativt, 25 % cellgift och 57 %
hormonterapi. Vi har sedan f6ljt dessa patienter i 17 ér eller séa lange de har levat (median 13
ar). En stor del av dem (216) ingér i sista studien i denna avhandling (arbete V), dir vi
redovisar resultat p 6verlevnad och recidivfrekvens samt hur det gick for patienter som fick
recidiv. 80 patienter ingér i arbete I dér sensibiliteten i brosten méttes minst 1 &r postoperativt
med von Frey’s instrument, d.v.s. 20 harstrdn av olika tjocklekar. Dessutom testades ocksé tio
frivilliga, friska kvinnor for att f fram “normalvirden” for sensibiliteten i kvinnobrost. Dessa
visade sig ligga p& mindre &n 3.2 milliNewton. Alla métningar gjordes pé nio stéllen i bdda
brosten, ddrav fyra stillen pa brostvartgarden och ett pa sjdlva brostvartan. Resultaten
analyserades avseende sensibiliteten vid de olika operationsmetodgrupperna (A-D). I delarbete
II mattes cirkulationen i de opererade brosten pa 43 patienter varav 19 hade blivit
strdlbehandlade. Undersokningen gjordes minst 1 &r efter operation eller stralbehandling pé tre
stéllen i vardera brost med tva metoder, fluorescein flowmetry (FF) som miter cirkulationen
endast helt superficialt och laser Doppler flowmetry (LDF), som méter nagot djupare,
atminstone 1-2 mm. Resultaten jamfordes mellan det friska och det opererade brostet och
mellan stralade och inte stralade patienter. I delarbete I1I ingick 107 patienter som alla fick



koksaltproteser med texturerad yta placerade subkutant och varav 24 fick RT postoperativt.
Tva olika typer av koksaltproteser anvindes med olika porstorlekar pa den texturerade ytan.
Patienterna foljdes sedan i fem &r och undersoktes var tredje méanad med tva metoder for att
mita kapselkontraktur (CC): Baker/Palmer klassifikation och applanationstonometry. I
delarbete IV blev en ny typ av protes, Misti Gold II® (fylld med hydrogel) utvirderad hos 20
patienter och utvecklingen av CC jamford med densamma hos 20 patienter som erholl
koksaltfyllda proteser. Alla patienterna i detta arbete fick protesen placerad subkutant.
Resultat: Sensibiliteten var normal eller ndstan normal utanfor brostvértgarden hos alla
patienterna men nagot nedsatt hos de flesta innanfor denna och starkt nedsatt pa sjélva
brostvartan. Dock hade 31 % av patienterna normal sensibilitet i brostvartan. Bést sensibilitet
fanns hos grupp B och sédmst hos grupp D men skillnaderna var inte vésentliga. Normal
hudcirculation uppmittes i alla brgsten oavsett om stralbehandling gavs eller e;j.
Kapselkontraktur utvecklades hos 20.6 % av patienterna. Frekvensen var 14.5% hos dem som
inte fick RT men 41.7% hos strélade patienter (p=0.01). Nar kapselkontraktur utvecklades blev
patienterna reopererade med 6ppen kapsulotomi som gav mycket bra langtidsresultat.
Kapselkontraktur utvecklades hos alla 20 patienterna som fick Misti Gold II® proteser. Dessa
okade snabbt i volym, sannolikt p.g.a. osmos, och fick bytas ut mot koksaltproteser.
Overlevnadsstudien (arbete V) visade efter 13 &rs median uppfoljning sjukdomsfri 6verlevnad
(DFS) 51.3%, allmin 6verlevnad (OS) 24.1% och LRR 24.1%. Dessa 6verlevnadssiffror ar vil
jamforbara med det som har rapporterats efter MRM. Hos stralbehandlade patienter var LRR
8.5%. DFS och OS men inte LRR péverkades av lymfkortelstatus. Overlevnad efter LRR som
forsta hindelse var nagot bittre dn det som har rapporterats efter MRM. Specificitet vid
fryssnitt var 98.5%. Vid slutet av uppf6ljningstiden hade 85% av patienterna fatt behalla sin
brostvarta.

Slutsatser: NSM ir onkologiskt saker ndr fryssnitt utesluter malignitet i omradet under
brostvértan. Efter operationen &r det god cirkulation i hela det opererade bréstet och god
sensibilitet utanfor brostvartgdrden men oftast vésentligen nedsatt innanfér den samma.
Frekvensen CC &r acceptabel, men Misti Gold II® proteser kan inte anvindas, atminstone inte
med subkutan placering. Postoperativ RT péaverkar inte circulationen men resulterar i betydligt
reducerad frekvens LRR och 6kad frekvens CC.
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INTRODUCTION

A very short history of the treatment of breast cancer

Although breast cancer has been with us for at least 4.000 years, the history of its treatment is
much shorter. “Bulging tumours of the breast” were reported in a papyrus discovered in Egypt in
1862 (the Edwin Smith papyrus), and the author of the papyrus concluded that there was no
treatment for breast cancer [1]. This papyrus has been dated to the 17" century BC but is actually
believed to be a transcript of an original papyrus from about 3.000 BC that was probably written
by Imhotep, who was a very powerful man in Ancient Egypt, physician to the pharaoh and the
architect of pyramids, and later proclaimed as a god. Through the ages there are sporadic
accounts in the literature of surgical treatment of breast cancer, such as cutting off the breast
completely and pouring boiling oil into the wound, and later cutting and cauterization, all
without any form of anaesthesia, of course. However, until the middle of the 19t century AD,
the general opinion seems to have been that breast cancer was best left untreated. The early
Egyptians probably saw it as a punishment endorsed by the gods, a view shared by many in the
middle ages in Europe under the influence of the Roman Catholic church, and in Ancient Greece
Hippocrates ( 460-377 BC) explained it with his humor theory of four bodily fluids (black and
yellow bile, blood and phlegm) [2]. His fellow countryman, Caudius Galen (c. 129-200 AD),
although performing both eye- and brain surgery, did not consider breast cancer surgery worth
while, unless perhaps in its initial stages [3]. He took the view that breast cancer was a systemic
disease and that local treatment was therefore not very helpful. Even if he blamed it on
melancholia (deep depression), one could argue that time has proved him right regarding the
nature of the disease! Anyway, he became very influential by moving to Rome and becoming
physician to the Roman emperor Marcus Aurelius. Through centuries to come, his doctrines
were to dominate not only the treatment of breast cancer but also that of many other diseases.
Even if his views on breast cancer were questioned as early as the 15 century it was not until
the introduction of anaesthesia (understandably) in 1846 that real attempts were made in radical
breast cancer surgery. A pioneer in the field was Charles Moore (1821-1879) at the Middlesex
Hospital in London, but William Stewart Halsted (1852-1922) at the Johns Hopkins Hospital in
the USA is generally credited with perfecting this treatment, which was to dominate this field for
the next 100 years [4]. He believed that breast cancer was a local disease and that the best
treatment was therefore to remove not only the whole breast, but also the underlying muscles and
the axillary lymph nodes. This was a highly mutilating surgery, and although survival rates in
breast cancer did improve, the patients were left with big problems in the form of lymhoedema
and weakness of the arm on the operated side. Many began to doubt that such extensive surgery
was needed. In 1948 modified radical mastectomy (MRM) was introduced by D.H. Patey and
W.H. Dyson of the Middlesex Hospital in London [5], and subsequent studies on their patients,
and those of others, showed no difference compared with radical mastectomy in terms of
recurrence and overall survival. The improvement in quality of life for the patients, however,
was obvious to everyone. At about the same time, radiation came into common use for cancer
therapy. It soon proved to be very effective as an addition to surgery in breast cancer, thereby
minimising the necessary extent of surgical treatment. In addition, chemotherapy and hormone
therapy have proved to be effective treatments of breast cancer. In the 1970s many trials by
Veronesi and others [6,7] proved that early breast cancer could be treated with the combination
of partial mastectomy (PM) and radiotherapy (RT) without affecting rates of recurrence or
survival. Veronesi was also a pioneer in sentinel node biopsy (SNB), which he and his team at
the European Institute of Oncology in Milan started in 1996 [8], and which has restricted
considerably the need for axillary lymph node clearance, and thereby spared a number of patients
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the troublesome complication of lymphoedema. With the evolvement of mammography,
ultrasound and magnetic resonance imaging, breast cancer is being detected at much earlier
stages than before. Today it is generally accepted that only 30-40% of breast cancer tumours
need to be treated surgically by some form of total mastectomy. It is a growing opinion that
breast cancer is a systemic disease (as Galen proposed 1.900 years ago) and should be treated as
such, in team work between surgeons, radiologists, pathologists and oncologists.

BACKGROUND

A short history of breast reconstruction

With the trend for less extensive surgery in breast cancer and improvements in plastic surgery
came the idea of reconstructing breasts that had been removed. In Scandinavia it began in the
1980s with late reconstructions, often a year after mastectomy, using abdominal flaps known as
TRAM (transverse rectus abdominis musculocutaneous) flaps [9], in which one or both of the
rectus abdominis muscles was rotated upwards on its supplying superior epigastric artery and
with overlying skin to rebuild the breast. This took multiple operations with follow-up surgery
spread over weeks or months. Often the nipple was reconstructed later with transplants from the
vulva or inner thigh, or by tattooing. Hernias of the abdomen were quite common after this
operation in the beginning but have become rare after the introduction of meshes. A variation of
TRAM-flaps are the muscle-sparing DIEP (deep inferior epigastric perforator) [10] and SIEA
(superficial inferior epigastric artery) [11] flaps. With the evolvement of microsurgery it has also
become possible to use ‘free’ flaps, i.e. connecting the artery of the muscle to an artery in the
axilla. Latissimus dorsi muscle flaps [12] have also become common, sometimes with the
addition of implants to obtain more volume. Nowadays these operations are often performed in
combination with the removal of the breast, in a procedure known as immediate reconstruction,
and the cosmetic results are generally very good, even if the sensibility in the reconstructed
breasts has been shown to be poor [13]. In the past decade the wide acceptance of skin-sparing
mastectomy (SSM) [14,15] has enabled even better cosmetic results in breast reconstruction, as
well as normal sensibility outside the areola. An alternative to autologous breast reconstruction is
tissue expansion, which was developed by Becker in1984 [16] and came into common use in the
1990s. Most often the expander-prosthesis is replaced with a permanent prosthesis, but tissue
expansion can also be used in combination with autologous tissue breast reconstruction.

Specific background

By the late 1980s PM had become the standard treatment in Sweden for small breast cancer
tumours, usually followed by RT to the affected breast. Of the remaining breast cancer patients
(approximately 40%), who had too large or multifocal tumours, most were treated with MRM
and not offered any kind of breast reconstruction. Only the youngest of those who had no lymph
node metastases were offered late reconstruction in the form of TRAM flaps. Expander
prostheses were not yet in common use in Scandinavia at the time.

In the meantime, preliminary results from studies on patients who had been treated with PM and
randomised between RT or not [17,18] showed no statistically significant difference in overall
survival (OS) between the two groups, even though the frequency of locoregional recurrences
(LRR) was reduced by about 70% by RT. These results have since been confirmed in a longer
follow-up of the same studies [19,20] while others have shown small differences in OS [21].
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Thus, scientific evidence strongly suggested that OS in breast cancer, at least after partial
mastectomy, was not affected by the frequency of LRR but mainly by the primary tumour’s
histology, the occurrence of lymph node metastases and the systemic treatment given. In a study
by Hinton et al. published in 1984 [22] MRM was compared with subcutaneous mastectomy and
immediate reconstruction with a prosthesis, and no difference, either in survival or in the
frequency of LRR, was found. Similar results were obtained in a study by Palmer et al. published
in 1992 [23]. Al-Ghazal and Blamey [24] have since demonstrated a good or excellent cosmetic
result in 85% and moderate or very good patient satisfaction in 96% of their patients after this
operation which can easily be performed as a single procedure lasting less than two hours, even
including axillary clearance. This caught the attention of my tutor, Leif Perbeck, and seemed to
him a promising alternative. Besides, in our opinion it could be offered to almost all women with
large and/or multifocal tumours, irrespective of age or lymph node status. At the time we were
stationed at the Huddinge University Hospital in Stockholm. It was at that hospital that we
started this prospective, controlled clinical trial in December 1988. At most other hospitals in
Sweden, MRM continued to be the only option for patients in the same category. In our hospital,
as long as they did not have skin involvement, they were given the choice between nipple-
sparing subcutaneous mastectomy and immediate reconstruction with a prosthesis (NSM) and
MRM without any form of reconstruction. In practice, most of the patients chose the former
alternative after receiving thorough information.

The renaissance of subcutaneous mastectomy

Subcutaneous mastectomy means removal of only the glandular tissue of the breast, leaving
behind the skin, areola and nipple. It is by no means a new method as it has been used for at least
half a century. Before the 1980s, however, it was almost exclusively used for lobular cancer in
situ and benign breast diseases such as multiple fibroadenoma. It is still not commonly accepted
as a treatment against invasive carcinoma but is widely recommended as prophylactic surgery in
cases of significant family history of breast cancer. Since the recruiting of patients was finished
for the trials in this thesis in October 1994, skin-sparing mastectomy has been introduced and has
become the standard treatment for advanced breast cancer in many hospitals around the world.
With this method most of the skin outside the nipple-areola complex is spared, which opens up
possibilities for a more natural-looking reconstruction with autologous tissues and/or implants
and much better sensibility in the reconstructed breast. During the last six years several studies
have been initiated to examine the outcome when the skin-sparing is extended to the nipple-
areola complex (NAC) in cases with a negative frozen section from underneath the nipple [25-
27]. As pointed out by Petit et al. [25], this is essentially the same operation as subcutaneous
mastectomy. They have renamed it nipple-sparing mastectomy, and when their surgical method
is compared with ours, no essential differences are found regarding the resection of tissues
before the reconstruction.
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AIMS OF THE THESIS

The aims of the thesis were to evaluate NSM in breast cancer with special attention given to the
following factors.

Touch sensibility in the breast.

The influence of radiotherapy on skin circulation of the breast.

Capsular contracture (CC) around saline-filled and textured subcutaneously-placed implants in
irradiated and non-irradiated breast cancer patients and the effect of the pore-size of the

implants on the CC-rate.

Compare Bioplasty Misti Gold II® breast implants with saline-filled implants in relation to CC-
rate when placed subcutaneously.

Survival and LRR-rate with a median follow-up of 13 years and the outcome in patients suffering
LRR as a first event.
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Between December 1988 and October 1994, all patients at the Huddinge University Hospital in
Stockholm with breast cancer judged unsuitable for PM and without skin or nipple involvement
were offered the choice, after being given thorough information, between MRM and nipple-
sparing subcutaneous mastectomy with immediate reconstruction with a prosthesis (NSM). Most
of them chose the latter, and in fact we performed very few MRMs during that
period. A total of 272 patients underwent NSM during those years. About half of the patients

had undergone PM less than 3 months earlier, after
which multifocality or residual tumour was highly
suspected. The other patients were selected directly for
NSM because of a tumour size of >3 cm and/or verified
or highly suspected multifocality. All the patients gave
their informed consent to the procedure after being
offered MRM as an alternative. Included in the
preoperative information given to the patients was that
the nipple would be spared only if frozen section from
the tissues underneath it were negative.

Patients were included in all of the present trials
consecutively, as far as possible. Fifty-six of

the 272 patients were not included in the survival study
(Paper IV) for various reasons (see below). Of those, 32
were not included in any other study either. Table 1
shows how many of the remaining 240 patients
participated in each of the five trials. Thus, 73 patients
were included in one trial only, 104 in two, 55 in three
and ten patients in four of the trials.

The operations were performed by Leif Perbeck and
seven other surgeons at our clinic (including the
author), all of whom were trained by him.

All five trials were approved by the Ethics Committee

Table 1. Distribution of patients in trials

Papers No. of patients
T only 4
IT only 5
IV only 11
V only 53
1&11 2
1 & 111 2
1&V 40
1T & 111 1
nm&v 5
I & IV 4
m&v 41
IV&V 9
1 &I &I 1
[&T&V 6
&I &V 16
N&l &V 16
N&IV&V 3
Mm&IV&V 11
&N &I &V 8
D&M &IV&V 2
All 240

of Karolinska Institutet, Huddinge University Hospital. All of the patients and the controls in

paper I gave their informed consent to participate in the trials.

PAPER I

The original series consisted of 125 consecutive patients operated at least one year previously, 40
of whom were excluded. Ten patients were excluded because of a new operation on the same
breast during the year before the study was initiated, one because she had had her nipple
removed and seven because both breasts had been operated on. Seven patients had emigrated,
and five had died. A consent form with information about the examination was sent to the
remaining 85 patients. Five declined to participate. Thus, 80 patients were examined. Their mean
age was 54 years (range 40-80). Forty-five patients (56%) had a scar after a previous
lumpectomy when admitted for subcutaneous mastectomy. Axillary dissection was performed on
69 patients (86%) either before or at the NSM. Postoperatively, 17 patients (21%) were given RT

and 19 patients (24%) chemotherapy.

On the basis of the operative method, the patients were grouped into four groups, which were
named with the same letters as the corresponding operative methods, see description in the
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Methods section: Group A (n = 15), Group B (n = 13), Group C (n = 24) and Group D (n=
28). There were no significant differences between the groups for the other treatments given.
Ten healthy volunteers from the hospital staff, with a mean age of 38 years (range 26-63) were
included as controls.

PAPER II

In 43 patients, mean age 53 years (range 38—73 years), skin circulation was examined after NSM.
Saline-filled, textured surface prostheses were placed subcutaneously. Nineteen of the patients
received postoperative RT (four after LRR), and in those, skin circulation was studied at a
minimum of 1 year after RT. None of the patients had any persistent redness of the skin. Twenty-
four patients did not receive RT and were examined at least one year postoperatively.

PAPER III

One hundred and forty-five consecutive patients operated upon between June 1991 and
September 1994 and on whom the reconstruction was performed with a subcutaneously-located
prosthesis, were originally considered for this study. Excluded from the study were all 12
patients who received secondary RT due to LRR during the 5-year monitoring period, all 12 who
died or became too sick for review during the first two years of monitoring, and all 14 who had
their prostheses permanently removed because of implant failure (without capsular contracture)
before the 2-year follow-up. The remaining 107 patients, mean age 54 years (range 3275 years),
were monitored for five years or until death.

PAPER IV

Forty-one patients, mean age 55 years (range 30—81) were randomised for NSM with a Misti
Gold II® prosthesis or a saline-filled prosthesis with a textured surface (Siltex®, Mentor or
MicroCell®, McGahn) between October 1993 and May 1994.

PAPER V

Of the 272 patients operated on, 56 were not included in this study for various reasons: 39 had
bilateral or recurrent carcinoma, 11 had received hormone therapy or chemotherapy
preoperatively, three had a history of some other kind of invasive cancer, two emigrated within
three months postoperatively, and one had been breast-feeding right up to the operation. The
remaining 216 patients, with a mean age of 52.8 (29-81) years, all had primary, unilateral breast
cancer, no other kind of cancer, and had not received any treatment preoperatively. Ninety-three
of these patients (43%) had cancer in the right breast and 123 (57%) in the left. In 127 patients
(58.8%) the primary tumour (the largest one in cases of multifocality) was localised in the upper,
lateral quadrant of the breast, in 35 patients (16.2%) in the upper medial quadrant, and in 25
patients (11.6%) in the central part of the breast (underneath the nipple-areola complex). Only 17
of the primary tumours (7,9%) were localised in the lower lateral and 12 (5.5%) in the lower
medial quadrant of the breast.
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METHODS

SURGICAL TECHNIQUES (All papers)
Four operation methods were used when performing NSM:

A. Lazy-S shaped horizontal incision (above and lateral to the
areola) and a submuscularly located prosthesis.

B. Subcutaneous reduction mammaplasty (SRM) through a
keyhole skin incision with a wide vertical pedicle of skin
and fat and a submuscularly located prosthesis, and a red-
uction mammaplasty or mastopexy of the contralateral breast.

Figure 1b Figure 1d
42 year old woman with multifocal ductal carcinoma in her left
breast, operated on with method B. Images preoperatively (Figures 1a
Figure 1a & 1c) and one year postoperatively (Figures 1b & 1d).

43 year old woman with a

3.5 cm large cancer in her left
breast and macromastia,
operated on with method B.
Images preoperatively (Figure
2a) and one year
postoperatively(Figure 2b).
Figure 2a Figure 2b

C. Lazy-S incision and a subcutaneously located prosthesis.

45 year old woman with a § .
cm large cancer laterally in
her right breast and
metastases in 2 of 10 lymph

’ A nodes, operated on with . ".“_
method C. Images
preoperatively (Figure 3a)and

one year postoperatively (3b).
Figure 3a Figure 3b
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D. Inframammary incision (15 mm above the submammary fold) and a subcutaneously
located prosthesis.

Figure 4a Figure 4c Figure 4d

Figures 4-5 show results after
operation with method D.

Left and above: 57 year old woman with
multifocal cancer in her right breast,
preoperatively (Figures 4a and 4c) and 6
months postoperatively (4b and 4d).

Right and below: 57 year old woman initially
operated on with PM and axillary clearance
because of multifocal cancer in the lateral
superior quadrant of her right breast, pre-
operatively (S5a and Sc) and postoperativelty
(5b and 5d). The submammary fold is
demonstrated in Figures S5c and 5d.

Figure 4b Figure Sc

i K

Figure 5a Figure 5b Figure 5d

Method D was used in the majority of cases, 217 patients, method A in 17 cases, method B in 14
and method C in 24 cases. Silicone gel implants were used for method A and B and hydrogel
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implants in 22 patients operated on with method D. In the remaining 219 patients we used
saline-filled, textured prostheses, most often located subcutaneously, which gives better cosmetic
results in ptotic breasts. The subcutaneous tissue was dissected along Scarpa’s fascia. Care was
taken to leave behind as much as possible of the subcutaneous fat tissue without endangering the
removal of all breast gland tissue. The skin over the tumour was only removed if the two of them
could not easily be separated. A 5 mm thick plate of gland tissue with a 20 mm diameter was left
beneath the nipple to preserve the blood supply to the areola. A biopsy specimen was taken from
the gland tissue immediately adjacent to that plate and sent for frozen section. The resection was
continued while waiting for the result of frozen section to minimise the operating time. The
gland was undermined off the pectoralis muscle, often with removal of its fascia as well, care
being taken to ligate or coagulate the perforator vessels. Axillary clearance was performed
through a separate incision. The nipple-areola complex (NAC) was preserved only when no
malignant cells were identified in the frozen section. In methods A and B a pocket was created
beneath the pectoralis major muscle, laterally under the serratus anterior muscle and distally 1.5
cm below the submammary fold.

In method B the dissection started with the deepithelialization of a vertical pedicle. In the
beginning we used a caudal pedicle but later changed to a cranial one, after our measurements of
the circulation in the NAC showed a blood flow of 13 % of the normal when a vertical caudal
pedicle was used [28].

Sterile sizers were used to estimate the suitable size and shape of the implant. The apprehension
was done with the patient in both a horizontal and a sitting position.

A drain was placed both in the axilla and in the breast. The breast drain was kept until the daily
volume was 40 ml or less but never longer than eight days. Prophylactic antibiotics were
administered during the induction of anaesthesia and continued until a week after rhe removal of
the drain.

ADJUVANT THERAPY (All papers)

Adjuvant therapy was given in consensus with the oncologists of Radiumhemmet at the
Karolinska University Hospital in Stockholm and following the same policy as for patients
undergoing total mastectomy during the same period at our and other hospitals in Stockholm: RT
for postmenopausal women with one or more positive lymph nodes and for premenopausal
women with four or more positive lymph nodes; chemotherapy (most often six cycles of
cyclophosphamide, methotrexate and 5-fluorouracil, hereafter referred to as CMF) for
premenopausal women with one or more positive lymph nodes or a very large (=5 cm) tumour;
hormone therapy (mostly tamoxifen 20 mg daily for 2 years, hereafter referred to as HT) in cases
of oestrogen receptor (ER) positivity for most of the postmenopausal women and some of the
premenopausal ones. ER positivity was defined as >0.04 fmol/ug DNA.

Radiotherapy (All papers)

RT was given locally to the affected breast and ipsilateral lymph nodes (axillary, supraclavicular
and parasternal) with tangential, opposite photon beams combined with frontal electron beams
(for the lymph nodes) in a total dose of 46 Gy given as 2 Gy fractions five days a week. The
energy used was 4-6 mV. No booster dose was given.
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ASSESSMENT OF CAPSULAR CONTRACTURE (Papers II, I1I and IV)

Two methods were routinely used for measuring capsular contracture (CC):
1) Baker’s classification modified by Palmer [23]

B 1A. Ideal. Soft breast, looks natural, implant not detectable.

B 1B. Good. Implant palpable, visible in supine position, no distortion.

B 2. Satisfactory. Capsule obvious but not firm; no complaints or distortion.
B 3. Inferior. Capsule firm; minimal distortion, uncomfortable.

B 4. Poor. Capsule firm to hard, looks and feels abnormal; painful.

Baker 3 and 4 are not acceptable and necessitate reoperation.

2) Gylbert’s applanation tonometry [29]

Breast compressibility was evaluated by means of a transparent plexiglass disk with a radius of
10 cm and weighing 302 g. Engraved upon the disk were concentric circles every 10 mm and
four symmetrical diameter markers graded in millimetres. The measurements were done with the
patient in the supine position, and the disk was placed horizontally on the breast with its centre
somewhat medial to the nipple. In patients with soft breasts that slipped laterally the breast was
pushed medially in a longitudinal plane to the lateral border of the thoracic wall. The disk was
moistened with alcohol to facilitate the evaluation of the imprint area. A longitudinal diameter
and a transverse diameter perpendicular to each other were measured. It has been shown that the
form of the imprint of the disk can be approximated by the form of an ellipse. The imprint area
A, with axes a and b, was calculated according to the formula: A =x a b/4. Since the disk gives
rise to a constant compression force, the counter-pressure from the breast is inversely
proportional to the contact area between the disk and the breast. Changes in softness of the breast
from one measurement to another could, therefore, be calculated and compared in the same
patient. The relative breast compressibility was defined as the ratio of the imprint area measured
during the follow-up period and the initial imprint area measured at the end of the operation. A
ratio (hereafter named applanation tonometry quote, ATQ) lower than 0.5 was regarded as highly
indicative of CC.

PAPER I

Assessment of touch sensibility thresholds

Nine of the controls were tested twice with an interval of 6-12 months to evaluate the
reproducibility of the test. For analysis of the results each control’s right breast served as the
“treated” one and the left breast as the contralateral one. Besides the ten healthy controls, the
patient’s “healthy” breast (the untreated side) served as control in each case.

Tactile thresholds were assessed with von Frey’s hairs (Figure 6a). With the patient in a
semisupine position with closed eyes in a warm room (23° C), a series of 20 nylon filaments
(Stoelting Co., Wood Dale, IL, USA) with bending thresholds of 0.035-2052 milliNewton (mN)
(0.0036-209.2 g) were applied perpendicularly to the skin at nine positions on each breast
(Figure 6b) : on the nipple (test site 3), at 9, 3, 12 and 6 o’clock just inside the areola (sites 2, 4, 7
and 8 respectively) and at four corresponding sites 1.5-2.5 cm outside the areolar edge,
depending on breast size (sites 1, 5, 6 and 9 respectively). The threshold was defined as the
minimal bending force (in mN) of the thinnest filament sensed by the subject in a descending
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series of applications (‘no value’) in four trials. When none of the filaments was sensed the
sensibility was registered as 2000 mN.

All 20 filaments were calibrated exclusively for this study on a microscopic balance. The values

of the mass in grams required to bend the tip of the filament were converted to force units (mN)

by the formula F=m x g (g = 9.818).

The following were done to minimise errors:

1. The same instrument was used for all measurements after calibrating its filaments on a
microbalance.

2. The same investigator performed all the measurements in the same surroundings and at the
same room temperature and took care to apply the filaments in the same way every time.

AXILLA

Figure 6a Figure 6b
Measuring of sensibility with von Frey's All nine test points on right breast.
instrument at test point 7 in right breast.

Statistical methods

Values for touch thresholds are given in mN as medians and interquartile range. Because of
skewness

of the data from the breast cancer subjects all results were log-transformed and then analysed
according to a factorial experiment analysis of variance with one independent factor and two
dependent factors. The independent factor was group (operative method) with five levels (A-D
and controls), and the dependent factors were side with two levels (treated and untreated breast)
and test site with nine levels. In case of significant interactions between the factors in the model,
simple main effects were examined with multiple comparisons test according to
Bonferroni/Dunn. P < 0.05 was accepted as significant.

PAPER II

Calculation of skin circulation with laser Doppler fluxmetry

A laser Doppler fluxmetry (LDF) with a differential detection system (Periflux Pf 1 ¢, Perimed
AB Jarfalla, Sweden) was used for the measurements. The operating principle of LDF is that

monochromatic laser light is broadened spectrally by moving objects such as blood cells,
whereas light beams scattered in static structures alone remain unchanged in frequency. The
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flowmeter output signal, measured in volts, is proportional to the number of blood cells
multiplied by their average velocity within the scattering volume. In our experiment we used a
system with a filter of 4 kHz, a time constant of 1.5 s and gain x 10. The results are expressed in
volts. The Pf 108 probe using a specially made adapter with a concave indentation for the nipple
was used in order to stabilise its pressure on and movements over the tissue. The probe was held
manually.

Calculation of skin circulation with fluorescein flowmetry

The technique of fluorescein flowmetry (FF) has been described in detail elsewhere [30] and is
therefore only summarised here. The skin circulation (or rather the transcapillary exchange of
sodium fluorescein in the skin) is expressed as a fluorescence index, which is the ratio between
the fluorescence obtained during the first circulatory passage of sodium fluorescein and the rise
time, defined as the time interval between the occurrence of 10 % and 90 % of the maximum
fluorescence. The maximum fluorescence reflects the fraction of cardiac output distributed to the
tissue according to Sapirstein’s indicator fractionation principle [31]. The rise time indicates the
time taken for 80 % of the bolus to disperse, and the use of this factor thus eliminates the
uncertainty as to when the first and the last part of the bolus become trapped in the tissue. Rise
time is an expression of blood velocity. It has been shown to correlate both with the mean
transversal time of the bolus proper (r=0.96) and the mean transit time of the system (r=0.74)
[30]. Rise time is inversely proportional to cardiac output, but is also influenced by peripheral
resistance. Since the amount of sodium fluorescein administered is known, groups of subjects
can be compared.

Photographic equipment and techniques used in evaluation of the images

A Nikon F 501 (yellow Barrier: Scott glass GG 495 or Kodak gelatine Wratten filter 15) with a
Paffrath & Kremper ringflash (blue excitation filer: Kodak gelatine Wratten filter 47 A) was
used. Values were expressed in density units, with the background density from the tissue
fluorescence subtracted.

Statistical analysis

Analysis of variance showed a fairly normal distribution of values in all positions on both breasts
as measured with LDF but considerable skewness as measured with fluorescein flowmetry. All
data are therefore expressed as medians and interquartile ranges. Statistical hypotheses were
tested by a two-tailed Wilcoxon matched-pairs sign ranks test and corroborated by a multiple
comparison test as described by Bonferroni/Dunn where the dependent factor was position with
three levels. When comparing treated side with untreated side, two dependent factors were used;
position with three levels and side with two levels. A P value of less than 0.05 was accepted as
significant.

PAPER III

The first 20 patients received Siltex® prostheses from Mentor. Thereafter, however, two types of
round prostheses with different pore sizes, but otherwise comparable, were randomly chosen.
These were Siltex®, with an average pore diameter of 33 mm and an average pore depth of 27
mm, and Microcell® from McGahn with an average pore diameter of 400 mm and an average
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pore depth of 150 mm. All implants were placed subcutaneously. Twenty-four patients
received RT postoperatively.
The first applanation tonometry examination was done when the patient was on the operation
table before a dressing was applied, and further measurements (combined with a cosmetic
evaluation) were made six weeks, and three, six, nine and 12 months postoperatively. Three
surgeons and one registered nurse, all experienced (one on each occasion), randomly examined
the patients postoperatively, evaluated them using Baker’s classification, and did the applanation
tonometry. A systematic difference in the cosmetic evaluation between different examiners was
ruled out by comparing the evaluations at nine and 12 months.

Statistical analysis

Data are expressed as mean or median. Statistical hypotheses were tested by Student’s test for
unpaired data or by the difference test for two proportions, and a p-value of less than 0.05 was
accepted as significant. Statistica (version 7) was used for the analyses.

PAPER IV

The Misti Gold II® (Bioplasty, The Netherlands) breast implant was introduced in 1987. It has a
textured surface and is pre-filled with viscous polyvinyl-pirrolidone (PVP)-hydrogel, which
gives excellent results in terms of comfort. Twenty patients were given 22 Misti Gold [I®
prostheses (two patients bilaterally), with a median volume of 210 ml (range 140-240), and 21
patients were given saline-filled prostheses (one patient bilaterally), of whom 11 patients were
given Siltex® with a median volume of 175 ml (range 125-285) and ten MicroCell® with a
median volume of 190 ml (range 75-210), all placed subcutaneously. Seven of the patients with
the Misti Gold II® implants and five of those with saline-filled implants received RT
postoperatively. The CC-rate was evaluated after 12 months or when the patient was reoperated
on for CC. To detect even a low degree of CC the discrimination level for CC was set at ATQ
0.75 and B2 (not B3 which is the usual level). The change in volume of the removed Misti Gold
[I® implants was measured in the last 12 patients.

Statistical analysis

The significance of differences between groups was assessed using Fisher’s exact test. The
increases in volume of the prostheses were expressed as median (range), and the significances
assessed by the Wilcoxon pair sign rank test. Probabilities of less than 0.05 were accepted as
significant.

PAPER V

Axillary clearance was performed in all patients with invasive carcinoma and in all except

15 of the patients with cancer in sifu. The number of removed lymph nodes varied from four to
20 (mean 8.8). Eighty-seven patients (40.3%) had metastases in 1-20 (mean 2.3) lymph nodes.
The staging of the patients is shown in Table 1.

ER was measured in the tumours whenever possible. Some of the tumours were too small to
obtain ER, and it was not measured for cancer in situ.



23
The use of adjuvant therapy is described below and summarised in Table 2. RT was given,
within a year postoperatively, to 47 patients (21.8%), CMF to 53 (24.5%) and HT to 122
(56.5%). Sixty-six patients (30.6%) received no adjuvant therapy.
All patients were monitored at our clinic, at least every 3 months for the first 5 years, and
thereafter at least once a year. The date of the last assessment was May 26th, 2006.
To facilitate the detection of recurrences we used mammography, slightly modified because of
the presence of implants, ultrasound and magnetic resonance imaging [32].

Statistical analysis

Data are expressed as mean or median. Statistical hypotheses were tested by Student’s test for
unpaired data or by the difference test for two proportions, and an estimated two-tailed p value of
less than 0.05 was accepted as significant. The primary end-point was survival. The definition of
locoregional recurrence was failure in the ipsilateral breast, axilla or supra/infraclavicular fossa
as a first event. Tumours with a different location and/or histopathology from that of the primary
tumour were also recorded as recurrences. Distant metastases are also reported as first site of
failure, even when locoregional recurrence was detected simultaneously. Disease-free survival
and overall (breast cancer-specific) survival were estimated by the Kaplan-Meier method.
Indications for censoring were the occurrence of contralateral breast cancer, any other type of
cancer, death by other causes than breast cancer, or emigration (2 patients). The log-rank test was
used to compare different groups. Statistica (version 7) was used for all analyses.
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RESULTS

PAPER I

In the healthy controls we found an even distribution of threshold values and no significant
differences between sides. The mean values for the right and left side were therefore used for
calculation of normal limits. Based on the data from the controls, threshold values < 3.2 mN
were considered as normal, 3.2-20 mN as moderately raised and 20.1-200 mN as highly raised.
Values exceeding 200 mN were judged to represent loss of touch sensation.

In all four patient groups the touch threshold values on the treated breast were generally high and
unevenly distributed on the NAC (sites 2, 3, 4, 7 and 8), but much lower and more evenly
distributed outside the areola (sites 1, 5, 6 and 9), where the highest median touch thresholds
were found laterally and inferiorly (sites 1 and 9; range 2.5-1 1.6 mN) and the lowest ones (P <
0.001 compared to any other site in groups A-D together) medially (site 5; range 1.5-1.8 mN).
Median values for different test sites in the different groups are given in Table 2. Patient groups
A, C and D showed significantly higher touch thresholds as compared with the controls on all
test sites except site 5 for group A and site 4 for group C. In group B (patients who had
undergone SRM) no significant differences were found in touch thresholds as compared with the
controls except on site 9 (inferiorly on the skin).

In Graph 1 the means of the medians for all nine test sites in the different groups (Table 2) are
compared. When all test sites were combined, there were no significant differences between the
results for group A (implant located submuscularly) and group C (subcutaneous location of
implant). In the controls the median touch threshold values for all test sites combined were
significantly lower than in any of the patient groups except group B. In group B the touch
thresholds were generally lower than in the other patient groups, but the difference was
significant only in comparison with group D.

The inframammary incision (group D) resulted in slightly more impaired sensibility than the
lazy-S incision (group C), but the difference was significant only for sites 4 and 8 (both on the
areola) and not for all nine test sites combined.

When the patients who had undergone axillary dissection (n = 69) were compared with those
who had not (n = 11), no differences were found at the NAC, but the threshold values were
slightly higher at test sites outside the areola (sites 1, 5, 6 and 9; p < 0.05) in the axillary
dissection group. Neither RT, CMF nor previous PM affected the results significantly; however,
few patients had RT or CMF. No correlation was found with the patients’ age or with the interval
between operation and examination.

In the contralateral (untreated) breasts the results obtained from all test sites were within our
normal limits. Compared to the controls there were no significant differences in touch thresholds
for any of the patient groups when all test sites were considered together. Compared to the
treated breasts significantly lower touch thresholds were found in the contralateral breasts at all
test sites in groups A and D and at all except site 4 in group C, but in group B the differences
were significant only for sites 4, 5, 6 and 9.
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Table 2. Median touch thresholds on the treated breast and in the controls.

Group T E § T 5 1 T E § Mean
1 2 3 4 s 6 7 8 9 1-9
A 1.6 116 91 198 1.9 31 11.6 9.1 81 103

{176.4) (552.9) (114.8) (60.5) (3.4) (28.4) (41.7) (59.9) (328)

B 2.5 3.5 3.5 3.5 1.8 1.8 a1 3.5 2.5 3.5
(7.6 (&7 (18 (L7 (1.5 (3.3) (17.5) (9.9 (21.9)

c 6.3 19.8 9.1 9.1 1.9 35 338 19.8 63 122
(1041 (64.)  (31.8) {(13.3) (2.5 (38.8) (148.9) (31.4) (334)

D 11.6 57.6 338 19.8 1.9 2.7 26.8 67.6 1.6 259
(148.9) (167.8) (106.2) (141.1) (11.5) (256} (90.1) (140.3) (37.2)

Total 9.1 19.8 9.1 10.4 1.9 3.0 19.8 19.8 9.1 11.3

A-D (141.1) (148.4) (45.4) (30.8) (3.0) (18.0) 61.3) (64.1) (31.9)

Contr. 0.2 0.3 1.2 1.7 0.1 0.2 1.0 1.5 0.6 0.8

(0.3) (1.8) (1.8) (2.9) (0.9) (0.3) (2.7) (2.4)  (1.7)

All values are in milliNewtons. Figures in parentheses are interquartile ranges (IQR = ¢*-q")

Graph 1. Mean values (bar: standard error) of median touch thresholds for all test sides (1-9) of
the treated breast in each patient group (A-D) and in controls.

Touch threshalds in mi

Group A ] c D Controls
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PAPER II

In the operated breasts both LDF and FF indicated significantly higher circulation at position 2
(the nipple-areola complex) in the irradiated breast than in the non-irradiated breast, but no
significant differences at other positions (Tables 3 and 4). When all positions were looked at
together (as one compact variable) LDF (but not FF) showed significantly higher circulation in
the irradiated group (P = 0.04 and 0.22, respectively). When comparing the ratio operated/non-
operated breasts, FF (but not LDF) showed a significantly higher ratio (better circulation in the
operated breast) at position 2 in the irradiated group (Table 4). When all positions were looked at
together as one compact variable, no differences were found with either method. Neither LDF
nor FF showed any differences between operated and non-operated breasts at any of the three
positions in either of the two groups. LDF showed that the circulation in the NAC (position 2)
was about 23 times higher than in positions 1 (P <0.0001) and 3 (P < 0.0001) both in the
irradiated and in the non-irradiated operated breast and also in the contralateral, untreated breast.
There was no difference in skin circulation between positions 1 and 3 in either the irradiated, the
non-irradiated or contralateral breast.

FF showed no differences in skin circulation between the different positions either in the
irradiated, non-irradiated or in the contralateral untreated breast (Table 4).

The frequency of CC measured at the time point for the skin circulation measurement was
classified as B 3 in 13% of the non-irradiated breasts needing reoperation and 26% of the
irradiated breasts. Corresponding values for B 2 were 16% and 21%, respectively.

Table ¥ Skin circulairon m three different areas of the breast: 2 ¢rn above the aipple-areolka complex (position 1) within the
complex (position 2); and 2 cm below the complex (posation 3), measured by kaser Doppler Mluxmetry in the operated,
irradiated breast and in the non-operated breast. Mumbers are medians (IQR). RT = Irradiated breasts (n = 19), Non

RT = non irradiated breasts (m = 24). Laser Doppler Muxmetry (volis)

Position I 2 3

&’T Non RT P RT Won BT P RT Non RT P
Operated Leeast R b, [1.9) 07 264120 1B.6{15.5) 004 20T 6.9 (4.7} LIk
M peraied breas T4 {G0) T0(X8) ol 2.7 (T T ] 012 9.3 (%8) 7.4 [ 2.5) 0,08
Rastse apJnan-op. 104 {TLET) 1010025 043 105 {0.46) 1.0 {065) [ U] 0,94 10, 36) 1.0 (e 45) [1 e

Table 4 Skin circulation in three different areas of the breast: 2 cm above the nipple-areala complex {position 1); within the
complex (position 2); and 2 cm below the complex (position 3}, measured by Muorescein Mowmetry in the operated,
irradiated breast and in the non-operated. Numbers are medians (IQR). RT = Irradiated breasts (m = 19), non BT = non
irradiated breasts (n = 24). Fluorescein flowmetry (A density units 10 %/s)

Position ! 2 3

RT Non RT P RT Non RT P RT Non RT P
Operated breast 0.10(0.12) 0.12(0.15) 050 0.13(0.26) 0.10(0.13) 0.04 0.014(0.10) 014 (0.13)  0.66
Non-operated breast 0.10(0.13) 017017 0.79 0.10(0.12)  0.10(0.16) 0.39 013008y 007 (0.16) 044
Ratio op./non-op, 1.10(0.50)  1.00(0.33) 0.21 1.33(1.74)  1.00(0.58) 0,02 1.08 (0.47) LI2(030) 0.3
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PAPER III

All 107 patients were monitored for at least 2 years. Thirteen patients died after the 2-year
follow-up, while one moved away and six suffered implant failure and did not receive new
implants. The remaining 87 patients were monitored for 5 years. The mean monitoring time was
56 months (not counting

additional monitoring for Table 5 Fraquency of capsular contracture (B 3 or 4) for different kinds of implants and for irradiated patients
reoperated patients), range compared with non-iraciated B

24-60, median 60 and icrocell” Sitex” e
standard deviation 9.37. - Rt R~ AL R+ R AL RE R A
The rate of CC was Humber il 3 45 13 49 61 4 8 107
Signiﬁcantly hlgher among ;a:fsnfr::;r 5-:5 22.5 ;:1 3;.3 ;.3 12.? -:-?? :iﬁ iéé
patients who had received RT  pvalues /s 2809 05 o
(Tables 5 and 6). The and R+ /R~ B -
difference was not evident R+, p:niomsmu--ha;undergme J-ray therapy; R—, patients wha had not been treated with X-rays

during the first 6 months but was highly significant thereafter, even at 5 years as measured using
applanation tonometry, when most of the patients with CC had undergone a corrective operation.
Twenty-two patients developed CC, 15 during the first year, three during the second year and
four thereafter. Of those who developed CC, 10 had previously received RT, and 12 had not. Six
of these patients were not reoperated because of advanced disease or because they chose not to
be. The remaining 16 patients were reoperated, one with closed capsulotomy, 15 with open
capsulotomy, four during the first year after the primary operation, eight during the second year
and four in between the second and sixth year. None of the 16 reoperated patients had a
recurrence of CC during the monitoring period of 29—-60 months (median 60) after the corrective
operation. At the last follow-up after the reoperation, 14 patients measured as Baker 1A, one as
Baker 1B and one as Baker 2.

Table § Saker/Palmer clansifestion of soerated bremty |, Jand S sl primaryopenitien ——— Patients with Microcell®
iy lyens oo AN implants seemed to develop

M R oM Ry R M B+ R M CC more often than those
Humber M o W M [T mw oW o 5 U .
Bk kst Wlth Siltex® 1mpla1jnts. The

4 7 5 % 7 % u 4 4 #  difference was significant

i LAY CURT - T T Y BN P TY B

" H 0 1® 3 4 ' o 5 5 (p<0.05) between the two

5 LT U L t4 38 types of implants when

2 . 1 7 6 i n 6 1 19 counting all included patients

7 M B oF an O Gk AF B s and among those patients that

% 9.2 a8 103 125 24 47 52 29 34 had not received RT, but not
aohaw 0 4 L ! & 8 "2 significant among the

% 0.0 48 7 08 B4 n2  wne 88 18 irradiated patients. There was
p-value R+ /R- 016 an 013 : . .
RS no .dlfference. in the incidence
R+, patients who had undergone X-ray therapy; A—, patients who had not been treated with X-rays. Of lmplant fallure (rupture)

between the two types of
implants. Eleven patients suffered implant failure after the 2-year follow-up, and five of those
received new implants. The overall deflation rate in this study was 17.2%.
There was a good correlation between the two methods for evaluation of CC, and there was no
change in the contralateral breasts during the monitoring period.
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PAPER IV

Two of the MistiGold II® implants and one of the saline-filled implants were removed because
of infection. Fourteen of the remaining 20 MistiGold II implants were classified after one year
postoperatively as B 2 or 3, compared with five of 20 saline-filled implants (p = 0.01). There
were no differences in Baker’s classification between the two types of saline-filled implants
used, so they were analysed together. The ATQ of the breasts measured by applanation
tonometry showed in the MistiGold group that 16 of 20 had an ATQ<0.75, compared with 10 of
20 in the saline-filled implant group (p = 0.096). In the last 12 MistiGold II® prostheses that
were removed due to CC (B 2 or 3) after an interval of 12 to 40 months postoperatively, the
volume of the implant was measured. They had all gained in volume, in relation to time by a
median of 83 ml (range 30—123) after a median of 24 months (range 13 to 40), giving an increase
of 48% (range 22%—55%). All MistiGold II® implants were removed within 40 months, because
of of CC.

PAPER V

The definitive histopathological examination showed multifocal tumours in 159 (73.6%) of the
treated breasts. Ductal invasive carcinoma was the most common histopathological diagnosis,
but 29 patients had cancer in situ exclusively, and nine further patients had predominantly cancer
in situ, but with a small (microscopic) component of invasive carcinoma (Table 7). ER was
obtained in all but 64 patients, of whom 29 had cancer in situ. It was thus recorded for 152
patients (70.4%) of whom 121 (79.6%) had ER-positive cancer, but the mean ER for all 152 was
0.88 fmol/ug DNA.

The median follow-up time was 13.0 years (mean 11.3, range 0.2-17.5). For patients who were
still alive at the last assessment the median follow-up time was 15.0 years. DFS was 51.3% and
OS 76.4% (Table 7 and Graph 2 /Figures 1-2)). After 10 years DFS was 60.0% and OS 80.5%.
DFS was significantly less favourable in patients with >3 positive lymph nodes at primary
surgery than those with no positive lymph nodes (p<0.05). OS was significantly dependent on
lymph node status, tumour size, staging and ER, partly on histopathology (when comparing
cancer in situ with invasive cancer), but not on age or on the occurrence of multifocality (Table 7
and Graph 2/Figure 3b).

Fifty-two patients (24.1%) had LRR as a first event (Table 7). The LRR rates at five and ten
years were 16.2% and 20.8% respectively. Forty-four patients (20.4%) suffered distant
metastases (DM) as a first event or simultaneously with LRR (nine patients). The most usual
locations for DM were bone/marrow (54.5%), lung (18.2%), liver (11.4%) and brain (6.8%). The
mean time of appearance of LRR was 4.5 years (median 2.9, range 0.5-14.2) and of DM 4.9
years (median 3.6, range 0.2-14.0) after primary surgery. The LRR rate was significantly
dependent on age but not on lymph node status, tumour size, ER, histopathology or staging
(Table 7). Although ductal cancer tended to recur more often than lobular cancer, the difference
was not statistically significant.

DFS, OS and LRR after different kinds of adjuvant therapy are shown in Table 8.

RT dramatically lowered the frequency of LRR, although irradiated patients had a much shorter
OS than non-irradiated ones (because of an initially worse prognosis).

Thirty-four of the LRR (65.4%) were located in the same quadrant of the breast as the primary
tumour, and four (7.7%) were located outside the breast (three in the axilla, one in the
supraclavicular fossa). No recurrence was observed in the muscle layer behind the prosthesis.
Nineteen (36.5%) of the LRR were multiple. Forty-four of the LRR (84.6%) showed the same
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histology as the primary tumour. Invasive cancer was found in 45 and cancer in situ in seven
of the LRR. Two of the invasive cancer tumours recurred as cancer in situ, and two of the cancer
in situ tumours recurred as invasive cancer.

Table 7. Survival and locoregional recurrence rate in relation to prognostic factors.

N(%) After 5 years After 10 years After 13 years
(median time)
DES | OS LRR DFS | OS LRR DFS | OS LRR DM
Y% % N(%) % % N(%) % % N(%) N(%)
Age <50 95(44.0) | 62.5 | 82.8 | 21(22.1) | 56.8 | 79.3 | 26(27.4) | 495 | 72.2 29(30.5) 16(16.8)
>49 121(56.0) | 71.0 | 85.0 | 14(11.6) | 62.0 | 81.5 | 19(15.7) | 52.0 | 80.5 23(19.0)* | 28(23.1)
Stage 0 29(13.5) | 82.0 | 100 5(17.2) | 73.0 | 100 6(20.7) | 70.0 | 100 7(24.1) 1(3.4)
I 72(33.3) | 73.0 | 91.5 | 12(16.7) | 64.5 | 87.2 | 16(22.2) | 50.0 | 83.6 20(27.8) 10(13.9)
JIVN 61(28.2) | 71.0 | 90.0 | 11(18.0) | 64.0 | 86.0 | 13(21.3) | 55.0 | 76.7 15(24.6) 11(18.0)
1B 2109.7) 43.0 | 57.0 3(14.3) | 33.0 | 57.0 5(23.8) | 323 | 565 5(23.8) 9(42.9)
1A 28(13.0) | 55.0 | 66.8 4(14.3) | 48.8 [ 59.0 5(17.9) | 48.8 | 55.0 5(17.9) 9(32.1)
1Ic 5(2.3) 0.0 | 20.0 0(0.0) 0.0 | 20.0 0(0.0) 0.0 | 20.0 0(0.0) 4(80,0)
Ln 0 129(59.7) | 73.0 | 92.0 | 23(17.8) | 67.5 | 89.2 | 28(21.7) | 57.0 | 845 34(26.4) 17(13.2)
1-3 55(25.5) | 64.5 | 80.0 | 8(14.5) 52,6 | 76.5 | 12(21.8) | 45.0 | 744 13(23.6) 14(25.5)
>3 32(14.8) | 46.5 | 58.0 | 4(12.5) | 44.0 | 515 5(15.6) | 40.0 | 47.6* 5(15.6) 13(40.6)*
T(mm) <21 140(64.8) | 76.0 | 92.8 | 22(15.7) | 68.0 | 90.0 | 28(20.0) | 57.0 | 87.2 34(24.3) 18(12.9)
21-50 73(37.8) | 50.0 | 67.5 | 12(16.4) | 42.0 | 62.7 | 16(21.9) | 40.5 | 50.0* | 17(23.3) 26(35.6)
>50 3(1,4) 66.8 | 66.8 1(33.3) | 66.8 | 66.8 1(33.3) | 66.8 | 66.8 1(33.3) 0(0.0)
ER <0.05 31(14.4) | 41.0 | 52.6 6(19.4) | 41.0 | 49.0 6(19.4) | 41.0 | 48.7 6(19.4) 13(41.9)
S:SII{IA) >0.04 121(56.0) | 70.0 | 86.0 | 18(14.9) | 60.0 | 82.3 | 26(21.5) | 49.0 | 74.0* | 31(25.6) 26(21.5)*
Unknown 64(29.6) | 76.6 | 95.0 | 11(17.2) | 69.0 | 93.5 | 13(20.3) | 63.3 | 93.5 15(23.4) 5(7.8)
Patho- Ductal 122(56.5) | 62.3 | 78.0 | 22(18.0) | 54.9 | 73.5 | 28(22.9) | 42.3 | 66.5 33(27.0) 30(24.6)
histology
(primary) Lobular 40(15.5) | 73.3 | 84.0 3(7.5) 67.0 | 82.5 4(10.0) | 61.0 | 783 5(12.5)* | 10(25.0)
Mixed 16(7.4) 62.0 | 87.5 3(18.7) | 47.5 | 82.0 4(25.0) | 47.5 | 81.0 4(25.0) 3(18.8)
Pred. id. 9(4.2) 78.0 | 100 2(22.2) | 67.0 | 100 3(33.3) | 66.5 | 100 3(33.3) 0(0.0)
DCIS 20(9.2) 79.6 | 100 4(20.0) | 73.5 | 100 5(25.0) | 66.5 | 100 6(30.0) 0(0.0)
LCIS 9(4.2) 88.8 | 100 1(11.1) | 78.0 | 100 1(11.1) | 78.0 | 88.0 1(1L.1) I(11.1)
Multi- Yes 159(73.6) | 73.0 | 87.3 | 23(14.5) | 64.0 | 83.2 | 29(18.2) | 53.0 | 64.9 35(22.0) 30(18.9)
focality No 57(26.4) | 54.0 | 74.8 | 12(21.0) | 48.2 | 73.0 | 16(28.1) | 45.5 | 63.6 17(29.8) 14(24.6)
All patients 216 68.0 | 83.5 | 35(16.2) | 60.0 | 80.5 | 45(20.8) | 51.3 | 76.4 52(24.1) 44(20.4)

N = Number of patients. DFS = Disease-free survival; OS = Overall survival; LRR = Locoregional recurrence;
DM = Distant metastases; Ln = Lymph node status (number of “positive” lymphnodes at primary operation);
T = Tumour size (largest diameter); ER = Oestrogen-receptor status; Pred. id. = Predominantly intraductal. *p<0.05
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Outcome in patients who suffered locoregional recurrences

All of the LRR were treated by surgery (six by salvage mastectomy, 46 by local excision), 35 by
radiotherapy, seven by chemotherapy and 20 by hormone therapy. Ten patients (19.2%) suffered
secondary recurrences, three of these had a third recurrence, and one patient had uncontrollable
disease (recurrence after salvage mastectomy). The histopathology of the ten LRR that
rerecurred was ductal carcinoma in eight cases and DCIS in two.

The 5-year rate of freedom from subsequent LRR or DM and the rate of OS after LRR as a first
event were 60% and 82%, respectively (Graph 2/Figures 4 and 5). The corresponding figures
after 10 years were 48.5% and 76.3%, respectively. There was no statistically significant
difference in OS (from the date of primary surgery) between patients who suffered LRR as a first
event and those who did not (Graph 2/Figure 6). However, OS after primary surgery was
significantly worse for patients who suffered an early LRR (< 3 years after primary surgery) than
for those who suffered a late LRR (86 % and 68% respectively, p=0.03). OS after the occurrence
of LRR was also worse for “early-LRR patients” than for “late-LRR patients”, but here the
difference was not statistically significant.

Table 8. Survival and locoregional recurrence rate after different kinds of adjuvant therapy.

N(%) After 5 years After 10 years After 13 years
(median time)
Adjuvant DFS | OS | LRR DFS | OS | LRR DFS | OS LRR
therapy % % | N(%) % % | N(%) % | % N(%)
RT Yes | 47(21.8) | 63,5 | 66,0 [ 2(4,3) 54,0 | 61,5 | 4(8,5) | 51,5595 | 48,5
No | 169(78.2) | 68,3 | 88,5 | 33(19,5) | 62,0 | 85,0 | 41(24,3) | 52,0 | 80,6* | 48(28,4)*
CMF Yes | 53(24.5) | 56,0 | 77,0 | 10(18,9) | 50,0 | 71,0 | 13(24,5) | 48,0 | 66,7 | 14(26,4)

No | 163(75.5) | 71,5 | 85,2 | 25(15,3) | 42,6 | 85.2 | 32(19,6) | 52,3 | 78,7+ | 38(23.3)

HT Yes | 122(56.5) | 74,5 | 82,7 | 13(10,7) | 63,5 | 78,3 | 20(16,4) [ 53,0 | 72,5 | 25(20,5)

No | 9443.5) | 60,0 | 87,3 | 22(23.4)* | 55,5 | 82,5 | 25(26,6) | 50,0 | 78,6 |27(28,7)
RT+CMF 9(42) | 50,0 | 66,5 | 0(0,0) |50.0 | 555]| 0(0,0) | 50,0 |555 | 0(0,0)
RT+HT 23(10.6) | 69.9 | 69,3 | 1(4,3) |52,0 | 655 | 3(13,0) | 48,0 | 655 | 3(13,0)
CMF+HT 2009.3) | 74,6 | 80,0 | 3(15,0) | 58,3 | 75,0 | 5(25,0) | 52,8 | 70,0 | 6(30,0)

RT+CMF+HT 10(4.6) | 60,0 | 60,0 | 1(10,0) | 60,0 | 60,0 | 1(10,0) | 60,0 | 60,0 1(10,0)

None 66(30.6) | 66,2 | 90,7 | 16(24,2) | 61,3 | 87,6 | 18(27.3) | 52,5 | 86,0 | 20(30,3)

RT = Radiotherapy; CMF = Chemotherapy with cyclophosphamide, methotrexate and 5-fluorouracil;
HT = Hormone therapy; DFS = Disease-free survival; OS = Overall survival; LRR = Locoregional recurrences;
N = Number of patients. * p<0.05.

QOutcome for nipple-areola complex

The NAC was removed in 11 patients (5.1%) at the primary operation because of a positive
frozen section. Ten of these proved positive postoperatively (sensitivity 90.9%). In the 205
patients with a negative frozen section, three proved positive at the postoperative
histopathological examination (specificity 98.5%). In these cases the NAC was removed soon
after the primary operation. Necrosis was observed in the NAC postoperatively in 16 patients
(7.9%). In two of these the necrosis was total, and the NAC was removed. In the other 14 it was
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partial, and the NAC healed completely. During the monitoring period recurrences were
observed in or at the NAC in eight of the 200 patients (4.0%) who still had this complex. In three
of them only the NAC was removed, but the other five patients underwent salvage mastectomy.
Salvage mastectomy was performed in six other patients because of recurrences in other parts of
the breasts, but in one of these the NAC had previously been removed. Two patients underwent
total mastectomy because of infection and one because of an unsatisfactory cosmetic result. Thus
at the end of the monitoring period 184 patients (85.2%) had intact NAC.

Graph 2. Overall survival and disease-free survival as explained in text above figures.

Figure 1. Disease-free survival in all 216 patients
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Figure 9. Overall survival after (first event) locoregional recurences (52 patients).
106

104
102
100
038
036
03¢
032
00
088
036
054
032
00
078
076
074

o Complete + Cemsored

Cumulative proportion surviving

0 F] 4 3 [ 10 12
Survival time in years after first recurrence

Figure 2. Overall survival in all 216 patients
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DISCUSSION
PAPER

In most patients we found normal or only moderately raised touch thresholds outside the areola,
especially on the medial side. On the areola and nipple higher thresholds were generally found
but only 14% lacked touch sensibility (> 200 mN) on the nipple and 31% had normal values (<
3.2 mN). The lazy-S incision resulted in slightly better preserved sensibility on the medial and
inferior part of the areola when compared to the inframammary incision. The location of the
prosthesis (submuscular or subcutaneous) did not influence the results. The best sensibility was
found in the group that underwent SRM (group B). In this group the median touch thresholds
were within our normal limits at most test sites.

Our results correlate well with the anatomy of the nerves of the breast (Figures 7a and 7b). The
final touch perception after a breast operation is of course a combination of the sensibility
maintained and that regained by reinnervation postoperatively. Clearly it must be difficult to
perform a subcutaneous mastectomy without severing the anterior ramus of the lateral cutaneous
branch of the fourth intercostal nerve at its entrance into the breast or elsewhere during its course
to the nipple-areola complex. As the rest of the breast skin is more richly and more superficially
innervated, it retains its sensibility better than the NAC, which is mainly innervated by the fourth
intercostal nerve.

Figure 7a Figure 7b

The figures above show the innervation of the (right) breast.
A=Anterior rami of lateral mammary branches of the 4™ intercostal nerve.
B= Medial mammary branches of intercostal nerves. C=Branches from the supraclavicular nerve.

The differences we found between patients with an inframammary incision and those with a
lazy-S incision may be explained similarly. The inframammary incision often has to be extended
quite far laterally to reach the axillary tail of the mammary gland. The route of dissection then
obviously leads through the subcutaneous tissue at the entry of the important branch from the
fourth intercostal nerve into the breast. We did not make any special effort to spare this nerve,
simply because at that time we were not aware of its importance.

The more peripherally in the breast the nerves are severed during a breast operation, the more
difficult will be the reinnervation of the nipple-areola complex. One would therefore expect the
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reinnervation of the NAC to be less complete after NSN than after reduction mammaplasty,
when it can begin at the edge of the areola. This is in accordance with our findings and those of
others. Courtiss and Goldwyn [33] found unchanged sensation in the nipple and areola in 65% of
their patients after reduction mammaplasty (transposition methods) but ‘reasonable’ sensation in
the nipple and areola in only 25% of patients after subcutaneous mastectomy. They observed that
the sensibility returned in the peripheral skin before it did in the nipple and areola. Other
investigators have found that the sensibility often returns completely in breasts after pedicled
reduction mammaplasty [34-36].

Several investigators have used von Frey’s instrument to measure breast sensibility after
reconstruction with musculocutaneous flaps. Slezak et al. [13] examined ten patients after breast
reconstruction with a pedicled TRAM flap and found no sensibility in two flaps and ten times
higher touch thresholds than normal in the rest of the flaps. Other investigators have obtained
similar results for measurements on TRAM flaps [37,38] and latissimus dorsi flaps [39]. None
of these authors report any sensibility in the NAC of their patients’ breasts.

PAPER II

We found no reduction in basal skin circulation in the breast after NSM, whether the breast had
received RT or not, as compared with the contralateral breast at least 1 year after the operation or
after RT. On the contrary, in the NAC there was a slight increase in skin circulation after RT.
Even when the results were expressed as the ratio between the treated and untreated breast in
order to reduce the biological and methodological variations, no reduction in skin circulation
could be demonstrated. This study was done solely on breasts where the implants were placed
subcutaneously. In an earlier study on breasts with the implants in a submuscular position
Perbeck and al. [28] have shown a reduction of blood flow in the NAC to 13% as compared with
the contralateral breast after SRM but no reduction when NSM had been done through a lazy-S-
shaped incision. In another study [40] we examined the skin circulation at least 1 year after
radiotherapy in patients treated with PM and found no reduction in skin circulation. It must be
emphasised that we have not measured the subcutaneous blood flow or the skin circulation
during any kind of challenge. It is possible that the ability to react to different kinds of
provocation, e.g. traumatic hyperaemia or adaptive inflammation as part of the healing process,
might be altered by RT.

With LDF, but not with FF, a two to three times higher skin circulation was found in the NAC
compared with the area 2 cm above and below the border of the areola. These results are in
agreement with earlier findings of increased skin circulation in the NAC compared with the
surrounding areas, as measured by LDF [41] . There are several explanations for this discrepancy
between the methods. First, laser LDF differs from FF by measuring a deeper circulation. How
deep is a matter of controversy; 1-2 mm in the skin [42] but even down to 6 mm in the
gastrointestinal tract [43] has been suggested. The blood flow velocity is much higher in the
arterioles than in the capillaries, which means that the blood flow in the arterioles has much more
influence on the laser Doppler signals than that in the capillaries, despite a larger capillary
network. Second, it is likely that there is a true difference in circulation values between different
layers of the skin, as has in fact been shown after NSM and especially after SRM, when the
circulation is based on a wide vertical pedicle. In cases of epidermal necrosis of the NAC after
this operation, FF showed no skin circulation in the complex, whereas with LDF signals were
recorded [44].
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PAPER III

We found a cumulative rate for capsular contracture of 20.6% and a significant difference
between irradiated and non-irradiated breasts (41.7% v. 14.5%). However, patients with capsular
contracture could be helped by a single corrective procedure, after which their breasts remained
soft throughout the monitoring period (median 60 months). Similarly, Melmed [45] has reported
an 87% success rate after open capsulotomy for capsular contracture in 62 breasts with a
minimum monitoring period of 14 months. He replaced all of the implants, and even though he
used polyurethane-covered implants, he placed them subglandularly and used an operation
technique quite similar to ours. His is the only prospective study on the subject that we could
find in the literature and the only one where saline-filled implants with textured surfaces were
used, but Palmer et al. [23] in a study of subcutaneous mastectomy made on breast cancer
patients, report that “Capsular contracture is readily corrected by open capsulotomy with
excellent results and no complications”.

In our opinion the cumulative rate of 20.6% CC in our study is quite satisfactory, considering
that all the patients had breast cancer. Gabriel et al. [46] in a retrospective study of

749 women with breast implants monitored for five years, found that the CC-rate was
significantly higher among those who had received implants after mastectomy (therapeutic or
prophylactic) than for those operated on for cosmetic reasons only. Wickman [47] found a 33.5%
CC rate in 50 breasts one year after tissue expansion. As for the use of saline-filled implants with
textured surfaces in breast augmentation for cosmetic reasons, most investigators have found a
CC-rate in the range of 8-15% [48-50] although some have reported a much higher frequency
[51]. At first glance, a 41.7% rate of CC, as we found for irradiated patients, seems unacceptable.
However, considering our, and other authors’, good results with open capsulotomy, which is a
fairly simple procedure that can be done as day surgery, we do not think that irradiation should
be an absolute contraindication for this kind of breast reconstruction with implants. A standard
primary breast reconstruction often implies a two-stage procedure with a tissue expander
prosthesis followed by a permanent implant. NSM can be seen as a one-stage procedure that
becomes two-stage in cases where CC develops.

Many other authors have examined the CC-rate in augmented breasts after RT. Most of these
studies are retrospective and were performed on breasts with subpectorally-placed silicone
prostheses, and most of them have demonstrated an increased frequency of CC after RT [52]. We
found only two prospective clinical studies on the subject in the literature, both showing
increased frequency of CC after RT [53,54].

Implants with small pore diameter (33 pm) on their textured surfaces seemed to be more
favourable when it comes to avoiding CC than those with larger diameters (400 um) and

thus, fewer pores per cm®. We found no other prospective clinical study in the literature directly
comparing the CC-rate for prostheses with textured surfaces and different pore sizes. A
prospective clinical study with more patients involved than in ours is clearly needed to settle this
matter.

PAPER IV

NSM with a subcutaneously placed prosthesis necessitates the use of a prosthesis that causes
minimal tissue reaction, as even a minor tissue reaction to the prosthesis results in an
unfavourable change of the breast both in cosmesis and consistency. The Misti Gold II® implant
with a textured surface had a significantly higher CC-rate than the saline-filled prosthesis with a
textured surface measured by Baker’s classification after one year, and the relative breast
compressibility was also worse.
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The poor results obtained with the Misti Gold II® prosthesis can be explained in several ways,
including a strong tissue reaction to the content of the implant or its shell; overfilling of the
implant by the manufacturers to 18% compared with a silicon gel prosthesis, making it not
completely suitable for a subcutaneous location; or an increase in the volume of the prosthesis
after implantation as a result of osmosis. After the report by Forsythe in 1994 [55] (which we
obtained in early 1995) that the Misti Gold II® prosthesis increased in weight, we started to
measure the volume of the prostheses removed and found an increase in volume in relation to the
time that the implant had been installed. This successive increase in volume resulted in the
removal of all Misti Gold II® implants within 40 months. According to the manufacturer, the
osmotic content of the Misti Gold II® prosthesis has since been changed.
We wish to draw attention to the importance of the quality of new implants and to the
responsibility of the manufacturers to try them out properly before they are recommended for
routine use. At present, we do not consider that Misti Gold II® implants fulfil the criteria of
implants that can be placed subcutaneously, and it is questionable whether they should ever be
used, except in selected cases of breast augmentation. Severe CC causes the patient great
discomfort and most often necessitates reoperation, at great cost to both the patient and society.

PAPER V

We had a 24.1% rate of LRR as a first event with a median follow-up of 13 years (15 years for
those who were still alive at the last assessment). After 10 years of follow-up this rate was
20.8%. The 10-year DFS was 60% and OS 80.5%. Among irradiated patients the LRR rate was
8.5%. Only 47 patients (21.8%) received RT. Many of them did not, for various reasons, receive
this until 6-12 months after the primary operation. Since we recruited our patients, the policy for
giving RT after total mastectomy has been changed in Stockholm. Today RT is given to all
patients with a tumour size exceeding 30 mm or with substantial multifocality, and to all lymph
node positive patients. Had this policy been adopted for the patients in this study, approximately
65% of them would have received RT.

No patient had a recurrence behind the prosthesis, and a majority of the LRR were situated in the
same quadrant of the breast as the primary tumour.

All the 52 patients with LRR as a first event were treated with salvage surgery, but MRM was
performed in only six of them. It has been shown by others [56-58] that the type of salvage
surgery does not seem to affect DFS or OS after locally recurrent breast cancer in patients
previously treated with conservative surgery, at least not in cases of relatively small or late
recurrences.

Comparison with MRM

Our results compare well with the results of other trials after MRM [59-65].

In Table 9 our results after 10-years follow-up among patients with high-risk (stage II-1IT) breast
cancer are compared with those of two large Scandinavian studies on patients with high-risk
breast cancer operated with MRM. There were 115 patients with stage II-III breast cancer in our
study, 87 of them (75.7%) had lymph node metastases, and 46 of them received RT. Our
methods and doses for RT (see the Methods section) were about the same as those used in the
other two trials. The use of other adjuvant treatment is summarised in the table. Twelve of our
patients did not receive any adjuvant therapy while all the patients in the other two studies
received RT and/or other adjuvant therapy. Overgaard et al. [59,60], on behalf of the Danish
Breast Cancer Cooperative Group (DBCCG), have carried out a very comprehensive study on
high-risk breast cancer patients operated with MRM at various hospitals in Denmark between
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1982 and 1990. Of those patients, 1.708 were premenopausal and were treated postoperatively
with CMF, but 1.375 were postmenopausal and received HT. All of their patients were randomly
assigned to receive RT or not. Overgaard et al. gave eight or nine cycles of CMF compared to
our six. For HT they gave tamoxifen 30 mg daily for one year, whereas we gave 20 mg daily for
two years. Of course, our patients were selected for RT while theirs were randomised. However,
the results for LRR are strikingly similar between these two studies and confirm what many
other authors have also found, that RT very effectively reduces the risk for LRR. According to
Overgaard et al. it also improves OS, and the latest report from the EBCTCG group [21] seems
to confirm this. As we did not randomise for RT we cannot draw any such conclusions from our
results. In fact the non-irradiated patients in our study had significantly better OS than those who
received RT, which is understandable, as they had a better prognosis initially.

Table 9. Comparison with total mastectomy in high-risk (stage II-III) breast cancer patients.

[nvestigator/ | Follow- | Surgery Meno- RT N Systemic adjuvant | DFS | OS | LRR
[Year of up time pausal therapy (N) %) | (%) | (%)
publishing status CMF | HT | None

DBCCG/ 10 years | Total Premen. RT+ | 852 | 852 0 0 48 54 9
1999 mastect. RT- 856 | 856 0 0 34 45 32

Postmen. RT+ | 686 0 686 0 36 45 8

RT- | 689 0 | 689 0 |24 36 35
SBCG/ 7 years | Total Premen. RT+ | 121 0 0] 121 54 62 12
1989 mastect. RT- | 158 | 158 0 0 |6l 68 |18

Postmen. | RT+ | 190 0 100 | 90 57 62 13

RT- [237/237 |123] 0 |36 |54 |25

Benediktsson | 10 years | Nipple- Premen. RT+ 17 ] 15 8 1 57 53 5.9

& Perbeck/ Sparing RT- 42 27 | 23 8 |44 |75 |357

2007 mastect. [ postmen. [RT+ | 29| 4 | 24 4 |48 |62 [103
4

RT- 27 6 21 64 84 22.7
DBCCG=Danish Breast Cancer Cooperative Group; SBCG=Stockholm Breast Cancer Group;
RT=Radiotherapy; RT+= Irradiated; RT-=Non-irradiated; N=Number of patients;

CMF=Chemotherapy with cyclophosphamide, methotrexate, S-fluorouracile; HT= Hormone therapy;

LRR= Locoregional recurrence as a first event; DFS=Distant-free survival; OS=Overall survival.

The third trial listed in Table 9 was carried out by Rutqvist et al. [61] on behalf of the Stockholm
Breast Cancer Group (SBCG) on high-risk breast cancer patients, 88% of whom had lymph node
metastases. It was published in 1989, and the patients were recruited during 1976 through 1984.
As in the Danish trial, the patients were randomised between RT or not, but all of the non-
irradiated patients received CMF, and many of the postmenopausal patients received HT.

The mean follow-up time was 6.5 years, and the results are slightly better than in our study, at
least for LRR. Rutqvist and Johansson [62] published in 2006 results from the same study with
more patients added and a longer follow-up time. The trial was open for patient entry through
May 1990 and now includes 547 premenopausal and 679 postmenopausal patients who have
been followed up for 11-27 years (median 18.4). Among premenopausal patients a 44% OS rate
and a 14% LRR rate was found in the RT group but 50% OS and 24% LRR in the CT group.
Among postmenopausal patients a 40% OS rate (approximately) was found in both treatment
groups, but a 12% and a 26% LRR-rate was found in the RT group and in the CT group,
respectively.

In the same paper [61] in which the above study was originally reported, Rutqvist et al. report
another study of 638 pre- and postmenopausal breast cancer patients, 37.3% of whom had
positive lymph nodes. All underwent MRM and were then randomised between RT and no
adjuvant therapy. They were recruited during 1971 through 1976 and followed up for 10-16
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years (mean 13.5). Among node-negative patients the cumulative incidence of LRR (including
patients who had failed distantly first) was 23% in the surgical control group versus 5% in the
group treated with RT postoperatively. The corresponding figures for node-positive patients were
55% and 21% respectively. Rates of recurrence free survival and OS were approximately 63%
and 73% for node-negative patients but 31% and 39% for node-positive patients, respectively.
RT did not seem to affect OS in this study.

Other authors have published similar results after MRM [17,19,63-65] and after PM with or
without postoperative RT [17-20].

As reported by Arriagada et al. [66] the Stockholm trials, as well as some others, have shown
that lymph node positivity significantly increases the risk for LRR after MRM, and that the risk
increases with an increased number of positive nodes. We were unable to confirm this after NSM
(Table 7).

The LRR rate in our study was significantly lower for postmenopausal (19.0%) than for
premenopausal patients (30.5%). Other investigators have found the same [67,68].

Nipple-sparing mastectomy

As mentioned in the introduction, NSM has been taken up in several places during the last 6
years [25-27]. The first published results are promising, but in those studies the patient selection
was narrower than in our study (e.g no central tumours included), all patients were given
radiotherapy (per- or postoperative), and the follow-up time is still much shorter. Petit et al. [26]
have evaluated 64 of their patients with at least one year of follow-up for cosmetic results. Fifty-
one of them (79.7%) rated it as good and only one as poor. We have in previous studies found
good sensibility [9] and circulation [10] as well as an acceptable long-term rate of capsular
contracture [11] in the operated breast after NSM.

In our study the specificity for frozen section underneath the nipple was 98.5%. Of the patients
who kept their NAC at the primary operation, 4.0% had a recurrence at this site during the
follow-up period (median 13 years). This shows, in our opinion, that frozen section is a safe
method to decide whether to save the NAC or not.

Outcome after (first event) locoregional recurrences

Freedom from further LRR or DM after a first LRR was 60% and OS 82% at 5 years.

In our study the occurrence of LRR did not affect OS after primary surgery (Graph 2/Figure 6),
but in accordance with findings of other investigators [67,69-82], OS was significantly worse for
patients who suffered early LRR than for those who suffered it late.

Nielsen et al. [69] studied the outcome in 259 patients who suffered chest wall recurrences as a
first event after MRM and found a 5-year OS rate of 43%, a 5-year probability of freedom from
(further) LRR of 46% and a 5-year probability of freedom from DM of 29%. The survival rates
for patients who had suffered axilla recurrences were about the same. Other authors have
published similar results after LRR following MRM [70].

For LRR after conservative surgery, on the other hand, most authors have reported better
survival rates [56,72-78]. In another Swedish study Fredriksson et al. [72] found breast cancer-
specific survival of 84.5% at 5 years and 70.9% at 10 years after LRR in 391 women treated with
PM and RT. In the USA Galper et al. [73] found an OS rate of 81% and a rate of freedom from
further relapse of 65% at 5 years in 341 patients with LRR who were originally treated with
conservative surgery and RT. These results are very similar to those in our study. Kurtz et al.
[74] have stated that “recurrences in the breast following primary treatment with limited surgery
and irradiation have a considerably more favourable prognosis than that of local failures after
primary radical surgery”. Recht et al. [76] have stated the same. We have found three reports of
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comparisons of the outcome after LRR between initial treatment with PM and MRM [77-79].
In two of them [77,78] a significantly worse prognosis was found for chest wall recurrences than
for breast recurrences after PM. Elder et al. [78] found a DFS rate of 49.4% and an OS rate of
68% at 5 years after a local breast recurrence, as opposed to corresponding figures of 33.1% and
50% respectively after a chest wall recurrence (p<0.05). van Tienhoven et al. [79], reviewing two
randomised trials (EORTC 10801 and DBCG-82TM), report that the type of original treatment
did not have any prognostic impact. The majority of the recurrences in these trials were early
ones, which may have affected the results.
In our study only 7.7% of the (first event) LRR were located outside the operated breast. As
reported by Wapnir et al. [67] the prognosis is much worse for those than for LRR located in the
breast. This may partly explain the relatively good survival rates in our LRR patients.
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CONCLUSIONS

The results from these trials on patients with breast cancer not suitable for partial mastectomy
and operated on with nipple-sparing mastectomy and immediate breast reconstruction with
implants, show that:

Postoperative touch sensibility is normal or subnormal in the skin outside the areola in most
patients, but considerably reduced in the nipple-areola complex. As far as postoperative
sensibility is concerned, the method is superior to modified radical mastectomy followed by
breast reconstruction with a musculocutaneous flap. The loss of sensibility in the nipple-areola
complex can be minimised by taking care to preserve the lateral mammary branch of the fourth
intercostal nerve.

There are no long term changes in the skin circulation whether the breast is irradiated or not,
but the circulation in the subcutaneous tissue has yet to be evaluated.

The rate of capsular contracture is acceptable if radiotherapy is not given. It is much higher in
the irradiated breast, but in our opinion this procedure could still be an option, if the patients
are well informed about the risks, monitored regularly and, if capsular contracture develops,
operated on with open capsulotomy, which gives good long-term results.

Bioplasy Misti Gold II® prosthesis filled with a hydrogel can not be placed subcutaneously
because of increase in volume, probably due to osmosis.

The operation is oncologically safe since survival is comparable to that after modified radical
mastectomy and the consequence of locoregional recurrence (LRR) corresponds to

that of LRR after partial mastectomy. The LRR-rate can be reduced substantially by giving
radiotherapy to the operated breast.
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GENERAL DISCUSSION

Cosmetically, our results were generally good. None of the present trials aims at proving this
specifically, but we did send out questionnaires to most of our patients, and the results have been
presented elsewhere [80]. Of 102 patients, 84% found the cosmetic results good or excellent,
95% considered immediate reconstruction a great advantage compared to a late one, and 92% of
them would have recommended the same treatment to a friend with the same disease. The
cosmetic results in six patients operated on with different methods are shown in Figures 1-5. As
mentioned in the Methods section, about 80% of the patients were operated on as shown in
Figures 4 and 5 with a submammary incision and a subcutaneously placed saline-filled implant
(method D).

On the basis of our results and the above conclusions, we do not hesitate to recommend NSM for
patients with breast cancer not suitable for partial mastectomy, at least if there is no skin
invasion. Of course a biopsy for frozen section must always be taken from the area beneath the
nipple, which in our study has proved to be a very efficient procedure (specificity 98.5%).

An option is to remove the NAC not only in cases of positive frozen section but always when the
tumour is situated close to the areola, as others have done [25-27]. The operation will then
become an “ordinary” skin-sparing mastectomy.

As to the reconstruction, we have only used implants and most often placed them
subcutaneously. We have found that this gives very satisfactory cosmetic results in elderly
patients who most often have ptotic breasts. For younger patients reconstruction with autologous
tissues usually gives better cosmetic results. These techniques have improved much since we
started our study in 1988, and as mentioned in the introduction, very few patients were then
considered for this option.

There has also been great improvement in the making of implants since we started our trial.
Before 1990 only silicon gel implants were available to be placed submuscularly, often
necessitating an operation on the contralateral breast to achieve symmetry. With the development
of saline-filled implants with textured surfaces the implant could be located subcutaneously, as
we began to do in 1990 and which allows for better symmetry in cases of ptosis. By the
introduction of anatomic cohesive silicon implants the cosmetic results can be further improved
by locating the implant cranially beneath the major pectoral muscle which is sutured to the
subcutaneous tissue and caudally just under the subcutaneous fat tissue layer giving the breast a
natural ptosis. By using sterile sizers and having the patient in a sitting position a good
apprehension of the final size and shape of the implant can be achieved.

Which skin incision is most suitable depends on various factors. The ideal incision in a patient
with a 2-3 cm ptosis is, from a strict cosmetic point of view, 1.5 cm parallel to and above the
submammary fold. With this incision the scar is completely hidden behind the lower part of the
breast. A lazy-S incision from the upper part of areola and laterally results in a more visible scar
but also in an easier dissection of the glandular tissue. With this incision it is very easy to remove
the nipple and areola complex in cases of tumour overgrowth. The dissection in the subcutaneous
layer along Scarpa’s fascia is also facilitated due to an excellent view, which is particularly
important in patients with a thin layer of subcutaneous fat. The less one leaves behind of
subcutaneous fat, the greater is the risk for necrosis. Through this incision it is also easier to
spare the fourth intercostal nerve and thereby save more sensibility in the NAC, and even
perform a sentinel node biopsy or axillary clearance through the same incision.

When SRM is needed, it should be based on a cranial pedicle which generally can be made
shorter than a caudal one, thus lowering the risk of NAC-necrosis. However, as shown in Paper I,
the risk for loss of sensibility in the NAC is probably less if a caudal pedicle is used. A very
interesting refinement in SRM has been suggested recently by Hunter and Malata using the
LeJour vertical mammaplasty skin pattern [81].
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If RT is given there is a greater risk of CC. It is relatively easy to take care of this
complication by open capsulotomy, excising the ventral surface of the capsule if necessary.
There is seldom any need for a third operation. This procedure also makes it possible to change
the size and shape of the implant, e.g. if the patient has gained weight and the symmetry is not
perfect between the breasts.
Of the patients who received RT in this trial only 8.5% suffered LRR. As mentioned in the
Discussion section in Paper V RT is given to far more breast cancer patients in Stockholm today
than it was when the patients were recruited for this trial. Our results show that RT is not a
contraindication for NSM. It has also become usual to give neoadjuvant chemotherapy to
patients with large breast cancer tumours, which sometimes results in shrinking of the tumour to
a size compatible with breast conserving surgery. This should further encourage surgeons to
consider NSM instead of MRM when PM is not feasible.
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